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report  of  captain  a.  x.  damrell,  corps  of  engineers.  bvt.  major, 
u.  s.  a.,  officer  in  charge,  for  the  fiscal  year  ending  june 
'x\  \^-0,  with  other  documents  relating  to  the  works. 

United  States  Engineer  Office, 

Mobile^  Ala.,  August  16,  1880. 

General:  1  have  the  honor  to  transmit  herewith  annual  reports  for 
the  year  1879-'80,  for  the  river  and  harbor  improvements  under  my 
charge. 

Very  respectfully,  jour  obedient  servant, 

A.  N.  Damrell, 

Captain  of  Engineers. 
The  Chief  of  Engineers,  U.  S.  A. 


K  I. 

improvement  of  the  HARBOR  AT  MOBILE,  ALABAMA. 

As  early  as  1826  Congress  made  an  appropriation  for  this  work,  and 
from  that  date  until  1857  a  total  of  $228,830.60  had  been  appropriated. 
The  records  in  this  office  do  not  show  how  much  of  this  sum  wa«  ex- 
l>ended.  The  work  done  was  the  dredging  of  a  channel  200  feet  wide 
and  10  feet  deep  through  Choctaw  Pass  Bar,  and  the  partial  dredging 
of  a  channel  through  Dog  Kiver  Bar  10  feet  deep  (width  not  known). 
The  former  cut  had  shoaled  to  7^  feet  up  to  1860,  while  the  latter  was 
found  unchanged.  In  1870  it>  wa^  found  that  a  narrow  channel  of  7^ 
feet  depth  still  existed  through  Choctaw  Pass  Bar,  and  that  portions  of 
Dog  River  Bar  Channel  had  shoaled  to  8j^  feet. 

Under  an  appropriation  of  $50,000  made  by  act  of  Congress  ap- 
proved July  11, 1870,  for  this  improvement,  dredging  operations  through 
these  bars  were  resumed  in  the  fall  of  the  same  year,  and  continued 
until  September,  1876,  under  a  total  of  appropriations  of  $401,000  to 
that  date.  This  amount  was  entirely  expended,  and  with  it,  by  dredging, 
a  channel  has  been  opened  13  feet  deep  at  mean  low-water  from  Mobile 
to  the  13-foot  curve  in  the  bay,  with  a  width  of  300  feet  through  Choc- 
taw Pass  Bar,  and  of  200  feet  through  Dog  River  Bar,  and  to  the  close  of 
the  present  year  this  channel  has  retained  its  original  depth.  A  state- 
ment furnished  me  by  the  pilots  shows  that  twenty  vessels,  drawing 
between  13  and  14  feet,  have  passed  through  it  during  the  past  season. 

By  act  of  Congress  approved  June  18,  1878,  the  sum  of  $10,000 
was  appropriated  to  be  applied  to  making  tests,  surveys,  and  borings, 
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o  determine  whether  the  ship  channel  now  leading  from  the  lower  anchor- 
age in  Mobile  Bay  can  be  deepened  so  as  to  admit  vessels  drawing  22 
feet,  or  any  less  draught  above  13  feet,  to  the  wharves  of  the  city  of 
Mobile. 

Under  this  a]>propriation,  after  necessary  preparations,  field  work 
was  commenced  in  August  and  continued  until  the  close  of  the  last  fiscal 
year,  but  on  account  of  unfavoral)le  weather  could  not  be  completed. 
13y  January  1, 1879,  the  work  had  far  enough  advanced  to  enable  me  to 
make  a  preliminary  re^wrt,  which  was  forwarded  January  7,  and  is  con- 
tained in  Ex.  13oc.  No.  38,  Forty-third  Congress,  and  by  act  of  Congress 
approved  March  3, 1879,an  appropriation  of  $100,000  was  made  for  deep- 
ening the  channel  up  the  bay  to  17  feet. 

At  the  beginning  of  the  present  fiscal  year  the  surveying  party  en- 
gaged in  the  survey  of  this  bay  continued  their  work  by  taking  sound- 
ings, making  borings,  and  extending  the  survey  to  the  outer  bar,  and 
completed  their  labors  in  August,  1879,  when  final  reports,  maps,  &e,y 
were  commenced. 

On  October  14,  1879,  a  final  report,  with  plans  and  estimates  for  ob- 
taining a  channel  of  17  feet  and  of  22  feet  depth,  submitting  several 
projects  for  contemplated  improvements,  were  forwarded  to  the  Chief  of 
Engineers.  This  report,  as  well  as  my  preliminary  report  of  1879,  were 
submitted  by  the  Chief  of  Engineers  to  the  Boanl  of  Engineers  for  For- 
tifications and  for  River  and  Harbor  Improvement8  for  consideration. 
By  letter  dated  February  4, 1880,  the  Board  of  Engineers  requested  to 
be  furnished  with  additional  information  in  regard  to  the  work,  which 
was  forwarded  by  letter  of  March  4,  1880. 

By  letter  dated  March  26,  a  copy  of  the  report  of  the  Board  of  Engi- 
neers was  transmitted  to  me,  with  the  recommendation  of  the  Chief  of 
Engineers,  approved  by  the  Secretary  of  War,  that  .the  appropriation 
made  by  the  river  and  harbor  act  of  March  3^  1879,  for  improving  Mobile 
Harbor  to  secure  a  17-foot  channel,  be  applied  to  the  17-foot  channel 
recommended  by  the  Board  of  Engineers.  In  accordance  with  instruc- 
tions contained  in  the  same  letter,  the  following  project  for  the  prosecu- 
tion of  this  work  during  the  next  fiscal  year  wa«  submitted  by  letter  of 
March  3,  1880,  viz :  Dredging  the  present  channel  to  a  depth  of  17  feet 
and  a  width  of  200  feet  throughout  its  entire  length,  and  an  experi- 
mental cut  22  feet  deep,  100  feet  wide,  and  300  feet  long,  on  Dog  River 
Bar ;  that  the  work  be  done  by  contract,  if  after  due  advertisement  sat- 
isfactory bids  could  be  obtained.  By  letter  dated  April  3,  1880,  this 
project  was  approved,  with  instructions  to  advertise  for  proi)osals.  Ad- 
vertisements were  published  under  di^  of  April  17,  and  on  May  20, 1880, 
five  bids  were  received,  which,  with  abstract  of  bids  (copy  of  which  is 
attached),  were  forwarded  to  the  Chief  of  Engineers  by  letter  dated 
May  21. 

These  proposals  being  deemed  unreasonably  high,  the  Chief  of  Engi- 
neers, by  letter  dated  May  31,  authorized  the  rejection  of  all  bids  and 
the  suspension  of  further  action  in  the  matter  until  after  the  passage  of 
the  river  and  harbor  bill  pending  before  Congress.  By  act  of  Congress 
approved  June  14,  1880,  an  appropriation  of  $125,000  was  made  for  the 
fiscal  year  ending  June  30,  1881,  and  the  following  project  for  the  ex- 
[)enditure  of  this  and  the  former  appropriation  of  $100,000  for  improv- 
ing Mobile  Harbor,  to  secure  a  17-foot  channel,  according  to  the  plan 
recommended  by  the  Board  of  Engineers,  the  Chief  of  Engineers,  and 
approved  by  the  honorable  Secretary  of  War,  viz : 

Dredging  the  present  channel  to  a  depth  of  17  feet  and  a  width  of  200 
feet  the  entire  length,  and  an  experimental  cut  22  feet  deep  and  100  feet 
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iride  and  300  feet  long  on  Dog  River  Bar;  to  advertise  for  bids  for 
dredging  1,200,000  cubic  yards,  more  or  less,  or  until  the  appropriations 
(»f  1225,000  are  exhausteil,  and  if  a  satisfactory  bid  be  received,  that 
the  work  be  done  by  contract,  otherwise  such  dredging  machinery  and 
oatfit  as  may  be  hereafter  approved  as  the  best  adapted  for  the  work 
lie  purchased,  and  the  work  carried  on  under  the  immediate  directioitof 
this  office. 

The  appropriation  of  $500,000  asked  for  for  the  fiscal  year  ending  June 
;)0, 1882,  it  is  proposed  to  expend  in  continuing  and  completing  the  work 
of  dredging  a  17-foot  channel  200  feet  wide  from  the  lower  bay  to  the 
wharves  at  Mobile. 

The  estimated  cost  for  the  corapletion  of  this  improvement  is $820, 000  OO 

AppropriatioDS  now  available 225, 000  OO 

Amount  required  for  completion 595|000  OO 

As  to  the  i>ermanency  of  this  improvement  when  completed,  or  the 
probable  cost  of  maintaining  the  depth  contemplated,  no  definite  opin- 
ion can  be  formed  until  the  larger  portion  of  the  work  has  been  completed. 

An  appropiiation  of  $500,000  is  asked  for  for  the  fiscal  year  ending 
Jnne  ^30,  1882,  which  could  be  profitably  expended  in  completing  the  17- 
toot  channel,  200  feet  wide,  from  Mobile  to  the  lower  bay.  The  statistics 
fcuiiished  me  by  the  collector  of  the  port,  given  below,  will  show  the 
present  commerce  of  Mobile ;  352,391  bales  of  cotton  were  received  dur- 
ing the  year.  As  to  the  probable  increase  of  the  commerce  of  this  place 
upon  the  completion  of  a  deep-water  channel,  I  would  respectfully  refer 
to  my  final  report,  published  in  Ex.  Doc.  No.  64,  Forty-sixth  Congress, 
second  sension,  page  8. 

This  work  is  situated  in  the  collection  diHtrict  of  Mobile,  and  Mobile  is  the  port  of 

rlltr>". 

The  following  statistics  have  been  furnished  me  by  the  collector  for 
§scal  year  ending  June  30,  1880 : 

COMMERCIAL  STATISTICS. 


VcMineU.  >   Tonnage. 


r«Mrviae  arrivals 

I'MaCvine  clearancea 
Aaeriraa  ve«H>la  entered  . 
FatMfiB  Tewaels  entered  . . . 
Aaericaa  veMiela  cleared  . 
Fwci|nK  Tea«M>1s  cle«red. . . 


87 
54 

68 
82 
85 
71 


i 


24,02& 

18.686:  * 

22,075. 

40,422^ 

23,980 

35,94» 


Valve  of  domestic  exportii  to  foreign  countries  from  Mobile,  for  fiscal 
jemr  ending  June  30,  18rJ0 f7, 187, 975  09 

Vahie  of  imports  of  foreign  goods  port  of  Mobile,  for  the  fiscal  year  end- 
ue J  nue 'JO,  1880 430,297  0^ 

Toiai  amount  of  revenue  collected  at  port  of  Mobile,  for  fiscal  year  end- 
ing Jane  :S0,  1880 63,946  09 

Money  statement 

July  1,  1879,  amount  available $102,770  6-2 

A»oant  appropriated  by  act  approved  June  14,  1880 125, 000  00 

1227,770  62 

Jaly  1,  18S0,  amount  expended  during  fiscal  year 2,886  62 

Jdy  I,  1880,  amount  available 224,^884  00 

iBonnt  (eslimated)  rec|uired  for  completion  of  existing  project $595,000  OO 

iiKmnt  that  can  be  profitably  expended  iu  fi:»cal  year  ending  June  30, 1882^    500„000  OO 
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Abstract  of  bids  received  and  opened  May  20,  1880, /or  dredging  iit  Mobile  Harbor,  Ma. 


Ko. 


1 
2 


4 

5 


Name  of  bidder. 


Jamefi  B.  Slanghter  . . . 
S.  N.  Kimball 

George  C.  Fobes  Sl  Co. 

Charlen  Fitzsimons   . . 
J.  W.  Kiimaey 


Price  per  cubic 
yard. 


$0  20.9 
25 

24.9 

SO 
27 


Time  of  oonimenciug  work.     Time  of  completing  work. 


October  15. 1880 

Three  months  after  execu- 
tion of  contract. 

Ninety  days  after  signing 
contract. 

Not  given 

.cio 


October  15, 1881. 

One  year  from  date  of  com- 
mencement of  work. 

One  year  from  date  of  com- 
mencement. 

Not  given. 
Bo. 


SURVEY     OF     MOBILE     HARBOR,    ALABAMA,    WITH     REGARD     TO     ITS 

FURTHER    IMPROVEMENT. 

The  act  approved  June  18,  1878,  directed  the  amount  appropriated, 
♦10,000,  to  be  applied  to  making  tests,  surveys,  and  borings  to  deter- 
mine whether  the  ship  channel  now  leading  from  the  lower  anchorage  in 
Mobile  Bay  can  be  deepened  so  as  to  admit  vessels  drawing  22  fe«t  or 
any  less  draught  above  13  feet  to  the  wharves  of  the  city  of  Mobile. 

Preparatory  work  was  commenced,  under  this  act,  on  the  12th  of  July, 
1878,  and  the  field  work  on  the  15th  of  August.  A  preliminary  report 
was  made  on  the  7th  of  Januarj' ,  1879,  which  is  contained  in  Senate  Ex. 
Doc.  No.  38,  Forty-fifth  Congress,  third  session.  The  work  was  termi- 
nated on  the  1st  of  September,  1879,  and  the  final  report  commenced. 

During  this  time,  in  addition  to  the  labor  of  collecting  outfit  and  or- 
ganizing, soundings  were  made  from  a  point  in  Mobile  Kiver  opposite 
Beauregard  street,  near  the  upper  limit  of  the  city  of  Mobile,  down  the 
river,  and  through  the  channel  dredged  under  Congressional  appropria- 
tions from  1871  to  1877;  also  throughout  Garrow's  Bend  (just  below 
Choctaw  Point)  and  down  the  western  shore  of  the  bay  to  Alabama 
Port  (the  nearest  point  on  the  mainland  to  deep  water) ;  thence  to  the 
18-foot  curve  in  the  lower  anchorage ;  across  the  upper  end  of  the  bay, 
across  the  lower  end  or  entrance,  and  at  various  other  points. 

Borings  were  made,  at  intervals  of  2,000  feet,  from  a  point  in  Mobile 
River  opposite  Government  street,  near  the  center  of  the  city  front, 
down  the  present  channel,  beyond  Dog  River  Bar,  and  from  there,  at 
intervals  of  a  mile,  about,  to  the  18-foot  curve  at  the  lower  anchorage, 
a  distance  (total)  of  about  27  miles.  Other  borings  were  made  along 
the  western  shore.  All  of  them  were  made  to  a  depth  of  26  feet.  A 
line  of  levels  was  run  from  Cedar  Point  ^the  extreme  southern  point  of 
the  western  mainland)  up  to  the  Mobile  and  Montgomery  Railroad 
Bridge,  across  Mobile  River  (above  the  city),  a  distance  of  about  46 
miles. 

Triangulation  was  carried  over  the  entrance  of  Mobile  Bay,  including 
Coffee,  Dixie,  Sand,  and  Pelican  islands,  east  end  of  Dauphin  Island, 
And  Mobile  Point,  over  that  portion  of  the  bay  included  between  the 
eastern  and  western  shores,  the  obstructions  on  the  south,  and  the 
mouths  of  the  Mobile,  Tensas,  Spanish,  Apalachee,  and  Blakeley  rivers 
•on  the  north,  and  throughout  the  whole  length  of  the  Mobile  River. 

Cross-sections  and  current  observations  were  taken  of  all  the  above 
rivers,  and  of  all  their  important  tributaries,  inlets,  and  outlets,  where 
practicable. 

Samples  of  water  were  obtained  at  various  times,  localities,  and  depths, 
in  rivers  and  bay,  and  tested  for  sediment. 

The  usual  office- work,  plotting  notes,  arrangements  and  study  of  data, 
<;onsumed  the  remainder  of  the  time. 
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The  results  obtained  from  the  work  are  as  follows : 

The  tide-grauge  observations  indicated  a  total  average  rise  and  fall  of 
Ueet  iu  the  bay ;  that  the  tidal  current  tends  towards  the  eastern  shore^ 
the  river  discharge  being  principally  carried  along  the  western  shore. 
(As  further  evidence  of  this,  the  eastern  shore  is  comparatively'  free 
frMD,  while  the  western  is  covered  with,  accumulations  of  drift  from  the 
rivers.) 

At  the  cut-ofif  in  the  Alabama  Eiver,  about  70  miles  above  the  head 
of  the  bay,  tidal  observations  indicated  a  rise  of  0.77  foot. 

The  soundings  showed  that  the  old  dredged  channel  lias  maintained 
the  depth  obtained  in  1877,  and  that  there  is  now  a  good  channel  of  13 
feet  depth  way  through. 

The  following  is  a  list  of  vessels  drawing  13  feet  and  ov^er  that  ar- 
rived at  and  departed  from  Mobile  during  ten  mouths,  without  meeting 
iDy  difficulty  in  the  cut,  with  the  high  tides  for  the  corresponding  dates, 
18  indicated  by  the  tide  gauges^  the  average  mean  low-tide  reading 
being  V  2" : 


Dkte, 


15 

U 
72 

OtL  < 
16 
21 

5«T.  !• 
IS 
it 
2S 

Dk.  f 
23 
IffSSL 

JflL       7 

r^    2 

4 

5 

8 

M 

If 

35 

f 

U 

a 

a 

f 

11 

4 
4 


Name  of  Teasel. 

Schooner  Mary  J.  Cook 

Ship  Kmt4>  Davenport 

I  Scboooer  Namumda 

Brig  Emily  T.  Sheldon 

Ship  Lu^winffHeyen 

Hark  Alfred      ..     

,  Bark  Henry  Norwell 

Brig  John  l>.  Tapper 

Bftrk  Jens  Brandi 

Bark  Prim 

Sehaotier  Annie  S.  Connent 

Bark  Chriatiana 

I 

I  BriK  Alton 

I  Brig  Gemma 

1  Bri^Detmar 

ftiglfeta 

BarkEidalva 

!  Sehouner  Annaa. 

Bark  Yrucholo  

Bark  Ephraira  Williams 

Bark  Welaka , 

BarkMedlor   

j  Schooner  L.  P.  Whitmore 

*  Bark  Zeolima 

Bark  Crescent  , 

Schooner  Kennie  Carleton 

Bark  Hans  Tbiea 

BrigPaciftc 

Schooner  Geo.  W.  Tochenow 


Draught.  ,^;n5^ 


high-tide. 


Feet.  In. '  Feet  In. 

13  0  ,         7    00 

13  8  7    30 

13  6  8    40 

13  0  8    20 

13  0  I 

13  0  I 

13  0 


13 

0 

13 

0 

13 

0 

13 

0 

13 

0 

13 

0 

13 

0 

18 

0 

13 

0 

13 

0 

13 

0 

:  " 

0 

13 

0 

13 

0 

8 
7 
7 
7 
7 


30 
90 
85 
75 
45 


6  85 
8  30 
8    70 


13  0 

13  0 

13  6 

13  0 

13  8 

13  0 

13  0 

14  0 


8 

7 
7 
7 
7 
8 
7 
8 
8 
7 
8 


10 
55 

35. 
50 
60 
35 
00 
05 
.30 
30 


8  40 

7  30 

8  30 
8  OO 
8  10 
8  10 


The  banks  of  the  cut  were  also  found  generally  unchanged. 

The  water  in  Mobile  River,  below  Beauregard  street,  has  about  the 

ame  depth  for  navigable  purposes  as  in  1871,  except  at  its  mouth,  where 

the  depth  api>ears  to  be  increasing  on  the  east  bank,  at  Pinto  Point,  and 

decreasing  on  tlie  west  bank,  at  Choctaw  Point,  outside  of  the  dredged 

"^noel,  however.     In  Garrow's  Bend  the  water  is  shoaling  rapidly  in 

toward  the  shore,  probably  caused  by  the  jetties  constrncted  by  State 

mthorif^'  there  in  1872.    Generally  speaking,  no  material  changes  were 

foand  in'  the  body  of  the  bay.   The  borings  everywhere  indicated  about 

the  Kaoie  condition  of  the  bottom  for  the  same  depths.     Sand  mixed 

»ith  mud  and  shells  to  a  depth  of  about  14  feet,  and  below  this  to  the 

^pth  of  *JiS  feet  J  the  extent  of  the  borings,  a  stiff  tenacious  clay,  hard 

»o  top  and   softer  below.    The  same  fonnation  was  found  on  the  blnflf 

boks  of  the  western  shore,  the  clay  being  from  12  to  15  feet  from  the 
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43urface  or  about  the  water  level.    The  line  of  levels  indici 
only  0.75  of  a  foot  in  46  miles. 

The  principal  features  shown  by  the  triangulation  are  ti 
changes  that  have  taken  place  since  1856,  the  date  of  the  laa 
vey  chart ;  1st,  at  the  entrance  of  the  bay  in  the  formatio] 
islands,  "  Coffee ''  and  *'  Dixie,''  to  the  east  of  Sand  Island 
opposite  side  of  the  main  ship-channel,  the  change  in  form 
of  Sand  Island,  the  large  diminution  in  area  of  Pelican  Islam 
ing  away  of  the  northerly  beaches  of  Dauphin  Island  and  M 
and  the  deposit  on  the  corresponding  south  beaches. 

2d.  At  the  head  of  the  bay  in  the  extension  of  the  river  i 
their  bars  to  the  southward.  The  cross-sections  and  curre 
tions  indicate  an  aggregate  discharge  of  over  100,000  cubic  t 
ond  by  the  rivers  into  the  bay. 

The  sediment  observations  gives  100  grains  of  sediment  t 
foot  of  water  a«  the  average  amount  in  the  rivers,  and  decom 
etable  matter  as  the  principal  component. 

Before  stating  the  conclusions  arrived  at,  or  opinion  forme 
«tate,  it  was  not  considered  the  intent  of  Congress  to  restrict  i 
to  a  study  of  only  a  single  project,  although  that  idea  might  t 
conveyed  by  the  wording  of  the  act,  and,  therefore,  all  were  i 
which  had  at  different  times  been  suggested  (so  far  as  I  couI< 
occurred  to  me,  for  the  relief  of  the  commerce  of  this  port,  a 

I.  Making  a  harbor  on  the  south  of  Dauphin  Island  and  con 
with  Mobile  by  rail. 

II.  Making  a  harbor  on  the  north  side  of  Dauphin  Island 
road  connection. 

III.  Making  a  harbor  at  Alabama  Port  with  same  connectio 

IV.  Making  a  canal  inland  from  Mobile  to  Alabama  Port. 

V.  Damming  all  but  one  river,  improving  that  one,  and  din 
discharge  into  the  bay  with  the  expectation  of  its  scouring  it 
deep  water. 

VI.  Using  the  tidal  current  for  scouring  a  channel  by  tra 
flow  between  the  entrance  and  upper  end  of  the  bay  between 
walls. 

VII.  Dredging  a  channel  through  the  bay,  following  the  line  of 
water,  and  carrying  the  dredged  material  to  a  safe  distance. 

VIII.  Dredging  and  scouring  a  channel  through  the  bay  by  di 
sl\  but  one  outlet,  contracted  to  a  proper  width,  and  training  i 
between  artificial  parallel  banks  to  deep  water  or  tidal  cham 
dredging  out  or  stirring  up  all  material  that  would  not  scour. 

The  first  four  projects  are  not  believed  to  be  desirable  by  thei 
»( although  the  last  should,  and  probably  will  at  some  future  time,  be 
out  by  private  enterprise,  and  would  be  of  great  importance  in  < 
tion  with  the  work  recommended),  and  this  was  considered  so  ap 
on  account  of  the  evident  cost,  direct  and  indirect,  in  necessary  co 
tion  and  depreciation  of  values  in  the  present  city,  that  they  are 
over  with  mere  mention.     . 

The  fifth  project  would  not,  in  my  opinion,  prove  successful 
sixth,  I  think,  could  be  carried  out  to  a  successful  conclusion,  bi 
<50st  would  be  very  great. 

The  seventh  project  is  a  continuation  of  the  one  that  has  bee 
sistently  followed  since  1827,  by  which  the  water  has  been  dee 
from  a  minimum  depth  in  Choctaw  Piiss  of  5  feet  6  inches,  and  oi 
River  Bar  of  8  to  13  feet  throughout.    The  success  of  this  plan  i 


APPENDIX    K.  1055 

proves  the  sag^acity  of  the  various  engineers  who  have  advocated  it,  and 
lean  see  no  good  reason  why  it  cannot  be  carried  still  farther,  in  obtain- 
ing still  greater  depths,  and  be  equally  successful. 

The  eighth  project  is  a  combination  of  the  two  principal  ones  which 
have  been  continually  agitated  since  1827. 

Each  one  has  had  many  strong  and  able  believers,  who  have  asserted 
tbe  snperiority  of  one  or  the  other  method,  verbally  or  in  print. 

The  great  objection  urged,  heretofore,  against  the  dredging  system 
has  been  that  a  cut  made  in  the  middle  of  a  large  shoal  bay,  receiving 
annually  from  it^  tributaries  immense  quantities  of  sediment,  and  trav- 
ersed by  a  complicated  system  of  river  and  tidal  currents,  due  to  winds, 
tillers,  and  river  discharges,  would  rapidly  fill  up.  This  argument  has 
been  disproved  by  the  facts  to  the  present  time. 

The  iirincipal  objections  to  the  scouring  system,  or  combined  scouring 
and  dredging,  has  been  the  grea;t  cost  of  training  the  flow  of  river  water 
through  the  bay  a  sufficient  distance  to  accomplish  the  desired  result, 
the  perishable  nature  of  such  training- walls,  if  built  of  such  materials 
as  could  be  obtained  at  a  reasonable  expenditure,  and  the  pi-obable  for- 
mation of  a  bar  at  the  ends  of  the  dikes  or  jetties. 

As  the  scouring  power  of  the  large  volume  of  water  daily  discharged 
by  the  various  rivers  into  Mobile  Bay  seemed  generally  to  be  recognized 
by  all  engineers  who  have  \NT*itten  or  expressed  opinions  in  the  matter, 
a  portion  of  the  time  consumed  in  the  survey  was  devoted,  and  a  great 
deal  of  study  given,  to  ascertain  if  there  w  as  any  way  to  utilize  this  force 
that  would  be  free  from  the  objections  mentioned,  with  results  as  fol- 
lows : 

The  river  water  can  be  all  emptied  into  Mobile  Bay  through  one  mouth 
<»f  proi>er  cross-section  at  Choctiiw  Point,  either  by  damming  all  outlets 
but  Mobile  River,  at  their  heads  or  at  their  mouths,  at  a  comparatively 
small  cost.  Thence  through  the  bay  parallel  walls  would  have  to  be 
coDStmcted  to  near  a  point  where  the  tidal  current  sweeping  by  their 
ends  would  be  strong  enough  to  prevent  the  formation  of  a  bar.  There 
is  snch  a  point,  and,  therefore,  the  last  objection  ha«  no  weight.  To  re- 
-duce  the  force  of  the  others,  it  is  suggested  they  might  be  built  of  brush 
and  piles,  of  which  there  is  an  unlimited  supply,  of  easy  access,  along 
the  whole  length  of  the  western  shore  below  Dog  Kiver  Point,  to  be 
covereil  first  with  material  excavated  from  the  bottom  with  a  dredge- 
l)oat,  and  afterwards  in  the  more  exposed  parts  with  stone  ballast  from 
vessels  arriving,  or  from  quarries  up  the  river,  and  that  the  channel  be 
carried  so  near  the  western  shore  that  but  one  strong  dike  need  be  built 
of  the  full  extent;  the  length  of  the  other  being  materially  reduced  by 
the  portion  of  the  western  shore  which  might  be  utilized,  and  the  cost 
of  such  as  had  to  be  built  reduced  to  a  minimum,  b}'  the  fact  that  as  it 
would  not  be  exposed  to  rough  water  a  simple  inexpensive  construction 
would  answer. 

The  amount  that  would  be  removed  by  scour,  and  the  amount  that  would 
have  to  be  dredged  after  the  construction  of  the  training-walls,  I  am  not 
preiKired  to  answer,  although  I  am  clearly-  of  the  opinion  that  the  mat- 
ter is  worthy  of  consideration,  and  even  of  experiments,  if  necessary, 
before  undertaking  the  further  improvement  of  Mobile  Bay.  As  the 
character  of  the  improvement  and  the  amount  that  can  be  profitably 
expended  on  it  depends  u|>ou  the  commerce,  present  and  prospective, 
that  is  to  be  provided  for,  such  reliable  information  as  I  have  been  able 
to  obtain  is  here  given  as  to  the  former  and  facts  and  opinions  regard- 
ing the  latter.     The  work  is  situated  in  the  collection  district  of  Mobile, 
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and  Mobile  is  the  port  of  entry.    Its  commercial  statistics,  as  furnished 
by  the  collector  of  customs  for  the  last  fiscal  year,  is  as  follows : 


Coastwifie  arrivals 

Coastwise  clearances 

American  vessels  entered 
Foreifp  vessels  entered. . . 
American  vessels  cleared . 
Foreign  vessels  cleared . . . 


Yessels.    Tonnage. 


86 
51 
82 
58 
64 
40 


16,081 
15, 078 
26,600 
96,033 
21,020 
30,888 


DOMESTIC  EXPORTS. 

American  vessels |i2, 438,793 

Foreign  vessels 3,781,025 

Total 6,219,818 

The  Mobile  Cotton  Exchange,  in  its  annual  statement  dated  Septem- 
ber 1, 1879,  gives  a  clearer  idea  of  the  business  of  the  port,  and  fVom  it 
is  condensed  the  table  given  below :. 

COTTON  RECEIPTS  1878,  1879,  AT  MOBILE. 

Bales. 

Alaba-na  River , 41,506 

Bigbee  River 61,741 

Warrior  River 26,488 

Mobile  and  Obio  Railroad 138,874 

Mobile  and  Montgomery  Railroad 91,977 

Wagon 1,822 

Total 362,408 

Coffee  importatioHBf  1879.— Eight  cargoes 29, 725  bags. 

NAVAL  STORES — RECEIPTS  AND  VALUES — 1878,  1879. 


Barrels. 


Rosin 

Turpentine 

Tar 

Pitch 


148,500 

21,118 

250 

2,500 


Values. 


$265,402 

232,298 

750 

6,000 


LUMBER,   TIMBER,   COAL,  ETC.— 1H78,  1879.  • 

Lumber feet.. 

Staves 

Shingles 

Hewn  timber cubic  feet.. 

Sawed  timber do 

Pennsylvania  and  English  coal tons. . 

Alabama  coal do.... 

Fish  and  oysters value.. 

Vegetables,  shipments  in  1878,  1879 • do 

Salt,  imported sacks. . 

Wool,  received pounds . . 


11,011,545 

12<),  052 

3, 682, 550 

245, 507 

65,519 

3,352 

3, 015 

$127,900 

$168, 778 

50, 520 

500,000 


In  this  connection  perhaps  should  be  mentioned  the  existence  of  thre^ 
cotton  and  woolen  mUls  in  Mobile  and  vicinity,  as  showing  a  fair  com- 
mencement in  an  important  manufacturing  industry,  and  the  organiza- 
tion of  a  steamship  company  for  the  purpose  of  establishing  a  line  of 
steamships  to  ply  between  Mobile  and  Liverpool,  The  first  steamer  for 
this  line  is  already  under  construction. 

The  country  tributary  to  Mobile  should  include,  it  would  seem,  the 
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wliole  Mobile  or  Alabama  Biver  basin,  iududing  the  greater  part  of 
Alabama  and  a  portion  of  Mississippi  and  Georgia,  to  say  nothing  of 
|)0!i8ible  extension  by  an  enterprising  use  of  railroads  already  built  and 
commenced,  and  canals  already  surveyed  for. 

The  Alabama  ba^sin  contains  approximately  33,000  square  miles.  The 
aDDiial  average  rainfall  is  given  by  the  Signal  Service  records  as  4^  feet, 
making  over  the  whole  basiu  about  28  cubic  miles  of  water.  This  mass 
of  water,  after  meeting  with  the  usual  losses  from  evaporation,  &c.,  flows 
through  the  Oostenaula  and  Etowah,  Coosa,  and  Tallapoosa,  Little  Tom- 
bijrbee,  Sipsey,  and  Black  Warrior,  Tombigbee,  and  Alabama,  and  other 
nuDor  streams  into  the  Mobile,  which  carries  all  the  water  in  a  single 
stream  for  about  5  miles,  with  an  average  width  of  1,050  feet  and  depth 
of  3^o  feet;  it  then  divides  and  subdivides,  finally  discharging  into 
Mobile  Bay  an  aggregate  of  about  100,000  cubic  feet  per  second,  through 
five  mouths,  the  Blakeley,  Appalachee,  Tensas,  Spanish,  and  MobUe 
forming  a  delta  containing  about  250  square  miles,  186  of  which  (about) 
ii5  heavily  timbered,  the  balance  being  marshy. 

The  river  discharge  then  passes  through  Mobile  Bay,  which  has  an 
area  of  about  375  square  miles,  and  finally  reaches  the  open  Gulf  through 
three  outlets,  the  main  one  between  Sand  Island  and  Dixie  and  Coffee, 
the  others  being  between  Coffee  and  Dixie  and  Mobile  Point,  and  be- 
tween Dauphin  Island  and  Sand  Island.  There  is  still  another  outlet 
into  Mississippi  Sound,  between  Dauphin  Island  and  Cedar  Point. 

The  rivers  mentioned  draining  this  basin  are  all  navigable,  or  suscep- 
tible of  improvement,  so  as  to  be  made  navigable,  a  total  length  of  over 
hdUO  miles,  reaching  and  passing  through  a  country  which  has  a  capa- 
city for  producing  over  1,000,000  bales  of  cotton ;  supplies  of  coal  and 
iron  that  will  compare  favorably  in  character  and  extent  with  those  of 
any  other  section  of  this  country;  building  material,  as  granite,  marble, 
gneiss,  limestone  (and  various  other  mineral  elements  of  wealth),  and 
lomber.  All  these  are  accessible  to  wajer  transportation  by  the  river 
roates  previously  referred  to,  and  when  the  improvements  already  in 
progress  are  completed  coal  should  be  delivered  in  Mobile  at  a  cost  of 
*2  per  ton,  and  the  other  articles  at  sufficiently  low  rates  to  allow  of 
$aeeessfdl  competition  with  any  other  port  on  the  Gulf  of  Mexico. 

In  fact,  though  the  Mobile  Basin  is  insignificant  when  compared  with 
that  of  the  Mississippi,  it  is  so  merely  on  account  of  its  inferior  size,  and 
1  question  whether  there  is  an}'  continuous  area  of  the  Mississippi  Valley, 
of  the  same  extent,  that  has  been  so  bountifully  supplied  by  the  Almighty 
with  the  elements  of  we<alth  and  progress.  It  is,  in  my  opinion,  to  be 
a.s  imi>ortant  a  factor  in  the  future  of  the  country  as  any  continuous 
1*5*K>  miles  of  the  3Iissi8sippi  Eiver  or  its  navigable  tributaries,  with  the 
adjacent  country. 

The  cost  of  all  the  improvements  required  to  develop  the  resources  of 
this  basin,  it  is  believed,  will  be  considerably  less  than  that  expended 
by  Pennsylvania  iji  water  routes  from  the  mines  in  Philadelphia. 

Mobile,  a  city  at  present  of  about  40,000  inhabitants,  is  situated  at 
the  junction  of  the  river  sj^stem  with  Mobile  Bay,  on  the  west  bank, 
iioly  27  miles  from  a  good  channel  of  least  depth  of  22  feet,  and  only  36 
miles  from  the  deep  water  in  the  open  gulf. 

Its  growth  has  been  continuous,  though  spasmodic,  since  its  settle- 
ment on  the  iiresent  site  in  1711. 

It  has  a  railroad  system  already  completed,  giving  competitive  routes 
vith  the  rivers  to  the  lumber,  cotton,  coal,  and  iron. 

With  the  present  commerce,  therefore,  as  a  basis,  and  the  resources  and 
tmnsportation  referred  to  and  a  deep  channel  to  the  sea,  there  is  more 

67  E 


1058     REPORT   OF   THE    CHIEF    OF   ENGINEERS,    U.    S.    ARMY. 

than  an  ordinary  probability  that  the  commerce  of  the  port  would  in  a 
few  years  be  increased  at  least  100,000  bales  of  cotton,  1,000,000  tons  of 
coal,  10,000,000  cubic  feet  of  lumber  (lumber  is  now  being  towed,  and 
transported  by  rail  from  Mobile  Bay  to  Pensacola  for  shipment). 

In  view  of  the  large  commerce  present  and  prospective,  and  the  fact 
that  the  development  of  the  lumber  trade  depends  for  its  greatest  suc- 
cess upon  as  deep  a  channel  as  possible,  I  think  no  project  should  be 
adopted  looking  to  a  less  depth  than  21  feet  at  mean  low-tide,  which  at 
presents  exists  on  the  outer  bar. 

The  particular  method  of  improvement  should,  in  my  opinion,  be,  as 
already  suggested,  either  by  dredging  a  channel  of  sufficient  depth  and 
width  from  the  river  to  the  anchorage,  following  the  line  of  deepest 
water  and  carrying  the  dredged  material  to  a  distance,  or  to  confine  the 
entire  river  discharge  to  a  single  channel  through  the  bay,  to  a  point 
where  the  tidal  current  sweeping  in  and  out  of  Mobile  Bay  is  sufficiently 
strong  to  carry  away  any  sediment  brought  down  by  the  river  current, 
and  dredging  out  au}'  material  that  might  not  be  removed  by  the  scour- 
ing power  of  the  water. 

In  this  connection  it  should  be  borne  in  mind  that  the  amount  of 
tidal  water  which  passes  from  the  Gulf  into  the  bay,  and  back  into  the 
Gulf,  every  twenty-four  hours  with  the  ebb  and  flow  of  the  tide  is  more 
than  twice  as  great  as  that  discharged  by  the  rivers,  and  that  the  out- 
let is  so  contracted  that  a  very  deep  channel  has  been  formed. 

The  former  has  the  success  of  previous  work  done  in  the  bay  in  its 
favor,  but  the  disadvantage  of  being  a  narrow  channel,  in  the  middle  of 
a  wide  bay,  exposed  to  cross  winds  and  currents,  making  its  navigation 
difficult  at  times,  and  rendering  it  possible  that  large  expenditures 
might  be  required  at  some  future  time  to  remove  deposits  that  might 
take  place. 

The  latter  would  have  the  apparent  advantage  of  turning  24  miles  of 
bay  into  river  navigation — allowing  rafts  of  lumber,  or  barges  of  coal, 
iron,  or  any  such  product,  to  proceed  to  the  lower  end,  and  meet  sailing 
vessels  at  Alabama  Port,  within  15  miles  of  the  open  Gulf,  to  which 
point  they  could  sail — of  positive  permanency  when  once  fully  accom- 
plished, and  possibly  of  greater  economy  in  the  end,  if  the  construction 
of  the  necessary  dams,  dikes,  and  shore  jetties  will  cause  the  current  to 
do  most  of  the  work  of  excavation ;  a  reasonable  supposition,  I  think, 
as  a  glance  at  the  map  shows  that  the  river  has  built  its  own  banks,  and 
scoured  out  between  down  a  distance  of  over  40  piiles  of  delta,  and  is 
now  opening  its  way  in  the  same  manner  down  the  bay  at  an  average 
rate  for  the  past  13  years  of  over  100  feet  per  annum,  through  5  outlete, 
using  its  sediment  to  build  banks  for  each,  which  in  turn  confine  the 
water  to  produce  the  scour. 

If,  however,  the  river  water  would  not  scour  with  the  rapidity  or  to  the 
extent  desirable,  the  fact  remains  that  still  the  amount  to  be  dredged 
would  be  much  less  than  double  the  amount  required  in  the  other  case, 
whereas  the  cost  should  not  exceed  one-half  as  much  per  cubic  yard,  for 
the  following  reasons:  On  the  deep-water  line,  near  the  middle  of  the 
bay,  the  material  dredged  would  have  to  be  carried  by  tugs  and  scows 
an  average  distance  of  over  three  miles,  for  deposit,  to  prevent  its  wash- 
ing back  in  the  cut.  On  the  western  shore  line,  with  the  dikes,  &c.,  the 
material  would  be  deposited  by  the  dredges  immediately  on  them  or 
alongside  the  channel.  Again,  in  the  former  case,  a  great  deal  of  time 
would  be  lost  and  damage  sustained  either  by  being  compelled  to  sus- 
pend work  on  account  of,  or  by  attempting  to  work  in,  rough  water, 
whereas,  in  the  other  case,  the  dredge  would  be  working  under  the  pro- 
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te(^tiou  of  the  western  shore,  on  one  side,  and  the  dike  on  the  other,  or 
in  comparatively  smooth  water.  There  is  a  question  also  whether  a 
channel  inshore,  protected  by  banks  on  both  sides,  100  feet  wide  woulcl 
not  be  better  than  one  200  feet  wide  in  the  middle  of  the  bay  without 
such  protection,  with  a  clear  reach  of  6  miles  (average)  open  water  on 
the  sides,  to  produce  rough  water  and  cross  currents,  and  leng:th  of  27 
miles. 
The  estimated  cost  of  the  work  by  the  first  system  is  as  follows : 

For  a  clmnDel  with  a  width  of  200  feet  and  depth  of  L7  feet : 
Dredging,  4, 100,600  cnbic  yards,  at  20  cents  per  cubic  yard $820, 000  OO 

For  a  channel  of  the  same  width  (not  considered  sufficient,  however), 
and  22  feet  deep  : 

Dredging  9,900,000  cubic  yards,  at  20  cents  per  cubic  yard 1 ,  980, 000  OO 

The  estimated  cost  of  the  other  system  is  as  follows : 

For  A  dam  across  the  Apalachee  River |15, 000  OO 

For  a  training- wall  from  lower  end  of  east  bank  of  Tensas  River  to  lower 

bij,2eimil^.  at  $23,812 666,73«  QO 

Dredging  a  channel  100  feet  wide,  21  feet  deep,  24  miles  long,  7,509,312 

cnbic  yards,  at  15  cents...- 1,126,396  80 

Additional  spar-dikes  and  jetties,  5  miles  long,  at  $10,000 50, 000  OO 

Total 1,H58, 132  80 

C^wtiDgenciea  and  superintendence,  10  per  cent 185, 813  28 

Grand  total 2,043,946  08 

An  experiment  might  possibly  be  made  at  a  reasonable  cost  at  one  of 
the  rirer  moutlis  that  would  determine  approximately  the  amount  of 
seoor  for  a  given  time  that  might  be  expected,  on  which  the  snecess  or 
feilore  of  the  combined  scouring  and  dredging  system  depends.  In  coo- 
ehuion,  I  would  recommend  that  the  subject  be  referred  to  the  Board 
of  Engineers  for  Harbor  and  River  Improvements  for  their  consideration. 

There  is  forwarded  herewith — 

L  A  map  of  the  delta  of  Mobile  River  and  Bay,  of  which  the  parts  previously  referred 
toiie  fr%*m  the  sarvey  made,  the  rest  being  a  compilation  from  the  best  authorities. 

XL  A  map  showing  work  previously  accomplished  and  present  condition  of  channel 
Mg«d  under  former  appropriations,  and  location  of  proposed  improvements  for  se> 
nriof  a  deeper  cliannel. 

Skeleton  map  of  Mobile  Basin,  cross-sections  of  the  various  rivers,  and  tables  of 
ODient  and  secLiiiieiit  observations.  ^ 

Bespectfally  submitted. 

A.  N.  Dambell, 

Captain  of  Engineers^ 


LETTER  OF  THE  CHIEF  OF  ENGINEERS. 


Office  of  the  Chief  of  Engineers, 

United  States  Arbtt, 
Washington,  D.  C,  March  16, 1880. 

Sir  :  Referring  to  my  letter  of  the  11th  instaut,  submitting  copy  of 
report  of  Capt.  A.  N.  Damrcll,  Corps  of  Engineers,  on  the  survey  of  the 
brbor  of  Mobile,  Ala.,  with  a  view  to  its  further  improvement,  provided 
fer  in  the  river  and  harbor  act  of  June  18, 1878,  and,  in  connection  there- 
nth,  I  beg  leave  now  to  submit  a  copy  of  report,  with  accompanying 
upi  from  tbe  Board  of  Engineers  for  River  and  Harbor  Improvement^ 
fe  which  tbe  report  of  Cap^in  Damrell  was  referred  for  consideration* 

JU  the  appropriation  of  $100,000  made  by  the  river  and  harbor  act  of 
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March  3, 1879,  limited  the  depth  of  channel  to  be  secured  to  17  feeL, 
the  views  of  the  Board  were  also  requested  upon  the  proper  application 
-of  this  sum. 

It  will  be  perceived  that  the  Board  recommends  that  if  17  feet  depth 
will  satisfy  the  shipping  interests  of  the  port,  this  depth  be  attained  by 
'  dredging  the  present  channel.  At  the  same  time  it  presents  an  approxi- 
mate estimate  of  the  cost  of  securing  a  channel  of  22  feet  depth,  from 
the  lower  anchorage  of  Mobile  Bay  to  Garrow's  Bend  and  to  the  wharves 
of  the  city  of  Mobile. 

I  beg  leave,  therefore,  to  advise  that  the  application  of  the  appropria- 
tion of  March  3, 1879,  to  the  17-foot  channel  recommended  by  the  Board, 
be  authorized  by  you,  as  the  channel  of  that  depth  is  understood  to  be 
concurred  in  by  the  business  interests  of  Mobile  as  satisfying  the  pres- 
ent shipping  needs  of  that  port. 

I  would  further  suggest  that  the  report  of  the  Board  be  transmitted  to 
the  House  of  Eepresentatives  for  the  information  of  the  Committee  on 
Commerce  in  connection  with  the  report  of  Captain  Damrell  above  re- 
ferred to. 

Very  respectfully,  your  obedient  servant, 

H.  G.  Wrioht, 

Chief  of  Engineers^ 
Brig,  and  Bvt.  Maj.  Gen. 
Hon.  Alexander  IIamsey, 

Secretary  of  War. 


report  of  board  of  engineers. 

Office  of  Board  of  Engineers  for  Fortifications 

AND  FOR  River  and  Harbor  Improvement, 
Army  Building^  New  YorJt,  *Fehruary  28,  1880. 

General  :  The  river  and  harbor  act  of  June  18,  1878,  appropriated 
$10,000  to  be  applied  *'  to  making  tests,  surveys,  and  borings  to  deter- 
mine whether  the  ship  channel  now  leading  from  the  lower  anchorage 
in  Mobile  Bay  can  be  deepened  so  as  to  admit  vessels  drawing  22  feet, 
or  any  less  draught,  above  13  feet,  to  the  wharves  of  the  city  of  Mobile. 

This  duty  devolved  upon  Capt.  A.  N.  Damrell,  Corps  of  Engineers,  in 
charge  of  the  improvement  of  Mobile  Harbor  and  Bay.  His  preliminary 
rei)ort  thereon,  made  in  January,  1879,  was  followed  in  October  by  a 
full  report,  with  plans  and  estimates  for  obtaining  a  channel  of  17  feet, 
and  of  22  feet  depth  from  the  fleet  anchorage  through  the  bay  into  Mobile 
liiver.  These  have  been  sent  to  this  Board  by  your  letter  of  November 
13, 1879,  for  consideration  and  report. 

The  following  brief  description  of  the  locality  in  question  and  notice 
of  the  works  of  improvement  connected  therewith,  as  already  executed, 
seem  essential  to  a  clear  understanding  of  the  problem  under  consider- 
ation. The  river  Mobile,  at  the  delta  formation,  has  several  outlets,  two 
of  which,  the  Tensas  and  Spanish,  unite  to  pour  their  waters  in  one  mass 
into  the  bay  in  close  vicinity  to  the  mouth  of  the  third  outlet,  called 
Mobile  Kiver,  on  which  lies  the  city  of  Mobile.  Along  the  wharf  front 
of  this  city  the  river  depth  varies  (at  high-water)  from  about  19i  to  22 
feet,  this  latter  also  being  the  depth  over  the  outer,  or  sea  bar.  Lower 
down  at  the  bend,  near  Choctaw  Point,  the  depth  is  rather  gieater. 
Just  outside  of  the  mouth  of  this  outlet  there  has  always  existed  a  sand- 
bar, known  as  Choctaw  Bar.    Dog  Kiver  Bar  is  about  3  miles  from  the 
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river  mouths,  and  seems  to  be  formed  by  sedimentary  deposition  of 
the  fine  material  brought  down  by  all  the  branches  of  the  stream 
From  this  bar  the  bottom  of  the  bay  slopes  down  to  the  13-foot  curve  for 
a  distance  of  about  6  miles,  and  thence  has  a  plateau  formation  of  about 
15  miles  extent,  reaching  to  within  3  miles  of  the  fleet  anchorage. 

From  the  most  reliable  testimony  that  can  be  obtained  Dog  Kiver  Bar 
has  not  shoaled,  nor  has  the  bay,  during  the  past  50  years.  No  accurate 
maps  of  a  sufficiently  early  date  exist  to  establish  this  point  indisputably. 
The  greatest  depth  of  water  on  Choctaw  Bar  in  1828-'29  (by  verbal 
testimony)  was  5.J  feet.  During  that  period  it  was  dredged  to  give  a 
ehannel-way  of  8  feet,  and  in  1838-'39  wa«  again  deepened  to  10  feet, 
but  having  been  left  undisturbed  for  the  succeeding  21  years  the  bar 
re-formed  so  as  to  give  a  depth  of  7.J  feet  only  in  1860.  The  excavation 
to  the  same  depth  on  Dog  Eiver  Bar,  made  in  1854,  gave  no  indication 
of  filling.  It  thus  appears  that  while  Dog  Elver  Bar,  so  called,  and  the 
be<l  of  the  bay  shoal,  if  at  all,  so  slowly  (is  to  be  unuoticeable,  the  exca- 
vated channel  through  Choctaw  Bar  refilled  at  an  average  rate  of 
about  1 J  inches  a  year.  In  view  of  the  above  facts  the  Board  of  Engi- 
neers that  in  1872  considered  this  question  of  deepening  the  channel  of 
approach  to  the  city  of  Mobile  did  not  think  thiit  a  permanent  improve- 
ment, in  the  strict  sense  of  the  term,  could  be  reached.  It  was  their 
opinion  that  any  channel  excavated  through  Choctaw  Bai>  would  require 
dreilgiug  fix)m  time  to  time  to  keep  it  open  to  the  depth  needed.  They 
nevertheless  recommended  fhe  trial  of  dredging  to  obtain  a  depth  of  13 
feet  through  Choctaw  Bar  and  Dog  Kiver  Bar  southward  in  the  bay  to 
the  13-foot  curve.  That  recommendation  has  been  effectively  carried 
out,  the  depth  of  13  feet  being  attained  during  the  year  1877.  By  the 
testimony  of  Captain  Damrell,  who  has  had  charge  of  this  improvement 
since  April,  1873  (see  his  report  of  October  14, 1879),  there  was  no  evi- 
dence of  filling  either  in  the  channel  excavated  through  Choctaw  Bar  or 
in  that  in  the  bay  beyond  the  obstructions  up  to  that  date — that  is,  for  a 
period  of  about  two  years  succeeding  the  completion  of  the  dredging. 
It  was  our  opinion,  however,  that  sufficient  time  has  not  elapsed  to  test 
this  question. 

The  thorough  survey  of  the  bay,  harbor,  and  river  Mobile  by  this 
officer  was  made  under  the  act  before  mentioned  with  a  view  to  obtain- 
ig  data  for  further  projects  of  improvement  of  the  channel. to  the  city. 
After  a  full  study  of  the  results  of  the  survey,  aided  by  an  experience 
of  more  than  10  years  in  this  locality,  Captain  Damrell  now  presents, 
among  several  projects  mentioned,  two  with  plans  and  estimates  which 
meet  his  approval.  His  preference  is  evidently  given  to  the  second. 
They  are  as  follows : 

First.  To  dredge  ''a  channel  of  sufficient  depth  and  width  from  the 
river  to  the  anchorage,  following  the  line  of  deepest  water  and  carrying 
the  dredgexl  jnaterijil  to  a  distance.'^  Second,  "to  confine  the  entire  river 
<lischarge  to  a  single  channel  through  the  bay  to  a  point  where  the  tidal 
current  sweeping  in  and  out  of  Mobile  Bay  is  sufficiently  strong  to  carry 
away  any  sediment  brought  down  by  the  river  current  and  dredging  out 
any  material  that  might  not  be  removed  by  the  scouring  power  of  the 
water.  In  this  connection  it  should  be  borne  in  mind  that  the  amount 
of  tidal  water  which  passes  from  the  Gulf  into  the  bay  and  back  into 
the  Gulf  every  24  hours  with  the  ebb  and  flow  of  the  tide  is  more  than 
twice  as  great  as  that  discharged  by  the  rivers,  and  that  the  outlet  is  so 
contract€Ki  that  a  very  deep  channel  has  been  formed. 

"  The  former  has  the  success  of  previous  work  done  in  the  bay  in  its 
favor,  but  the  disadvantage  of  being  a  narrow  channel  in  the  middle  of 
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a  wide  bay,  exposed  to  cross  winds  and  currents,  making  its  navigation 
difficult  at  times,  and  rendering  it  possible  that  large  expenditures 
might  be  required  at  some  future  time  to  remove  deposits  that  might 
take  place. 

^•The  latter  would  have  the  apparent  advantage  of  turning  24  miles 
©f  bay  into  river  navigation,  •  ♦  ♦  of  positive  permanency  when 
cnce  fully  accomplished,  and  possibly  of  greater  economy  in  the  end  if 
the  construction  of  the  necessary  dams,  dikes,  and  shore  jetties  will 
cause  the  current  to  do  most  of  the  work  of  excavation." 

His  estimates  for  these  projects  are: 

IflL  Dredging  channel  liOO  feet  wide : 

17  feet  deep $820,000  00 

22  feet  deep 1,980,000  00 

Sd.  Construction  of  training  wall : 

Dredging  for  a  depth  of  22  feet,  &c 2,043,946  08 

Our  views  as  to  these  projects  are  given  in  the  following  brief  state- 
ment : 

If  the  question  were  simply  to  obtain  a  passage-way  to  Mobile  of  but 
17  feet  depth,  we  would  recommend  the  deepening  the  present  channel 
by  dredging,  the  process  by  which  13  feet  has  already  been  reached. 
The  first  cost  of  this  method  would  be,  as  above  stated,  about  $820,000. 

Any  other  process,  to  be  effective,  would  involve,  besides  more  or  less 
dredging,  the  long  training  wall  or  walls  from  the  river  mouths  down 
the  bay  to  the  deep  anchorage,  with  an  expenditure  probably  in  excess 
of  $2,000^000,  together  with  the  cost  of  protection  against  overflow  in 
the  vicinity  of  Mobile  and  above,  due  to  lengthening  the  river  by  trans- 
ferring its  mouth  to  the  fleet  anchorage,  thus  changing  its  normal  slope 
and  backing  the  water  up  stream.  This  point  will  be  more  fully  set 
forth  in  our  notice  of  Captain  Damrell's  second  project. 

It  is  true  that  a  dredged  channel  cannot  be  regarded  as  quite  perma- 
nent. The  causes  that  formed  Choctaw  and  Dog  Eiver  bars  must  still 
exist.  It  seems  certain,  therefore,  that  small  appropriations  will  be 
needed  from  time  to  time  to  keep  open  any  channel  through  Choctaw 
Bar  formed  by  dredging.  But  the  saving  in  the  original  outlay  will 
probably  more  than  compensate  for  the  occasional  expenditures. 

The  question,  however,  of  procuring  22  feet  depth  of  channel  by  the 
process  of  dredging  is  quite  a  different  one.  It  will  involve  an  expend- 
iture of  about  $2,000,000  with  a  channel  200  feet  wide,  and  $3,000,000 
if  the  width  be  300  feet,  which  width  is  thought  to  be  necessary  for  easy 
navigation  for  a  length  of  25  miles  in  the  open  bay  of  Mobile.  A  pro- 
ject so  costly  in  its  execution  should  not  be  entered  upon  without  a  rea 
sonable  promise  of  permanent  results.  Now,  although  past  experience, 
if  reports  are  entirely  accurate,  indicates  that  the  channel  over  Dog 
Biver  Bar  did  not  fill  perceptibly  from  1854  to  1860,  when  deepened 
about  2  feet,  and  that  it  has  not  filled  measurably  during  the  past  three 
years,  although  excavated  to  an  additional  depth  of  3  feet,  we  do  not 
think  there  is  sufficient  evidence  to  prove  that  if  the  channel  be  further 
deepened  to  22  feet  and  lengthened  to  reach  the  lower  anchorage,  it 
will  be  entirely  permanent.  Indeed,  we  anticipate  that  the  same  pro- 
cess that  formed  Dog  liiver  Bar  will  in  time,  though  by  a  slow  process, 
reform  it  where  excavated.  There  can  bo  little  doubt  that  there  is  some 
deposit  in  the  bay  of  light  material  brought  down  by  the  river,  and  that 
this  channel  must  get  its  jiortion  of  that  deposit.  Our  experience  in 
reference  to  Choctaw  Bar  runs  through  a  much  longer  i)eriod,  and  proves 
beyond  doubt  a  tendency  to  refill  any  shallow  excavation  through  it. 
We  cannot,  therefore,  hope  to  maintain  a  channel  22  feet  deep  over  this 
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bar  without  dredging  from  time  to  time.  The  river  aloDg  the  city  front 
does  not  maintain  that  depth ;  much  less  must  we  expect  it  at  the  mouth, 
where  the  waters  are  checked  by  dispersion. 

As  already  stated,  prior  to  1860  the  indications  were  definite  that  the 
mouth  of  the  Mobile  branch,  when  deepened,  filled  again  at  the  rate  of 
Ih  inches  a  year.  Captain  Damrell  states  that  he  discovered  no  filling 
for  two  years  preceding  his  recent  survey.  It  may  be  that  the  sound- 
ings were  not  made  with  that  extreme  of  accuracy  that  would  note  a 
change  of  2  or  3  inches.  At  any  rate,  if  it  does  not  fill,  the  conditions 
must  be  changed.  Xow,  we  know  that  since  1860  pile  obstructions  on 
the  east  have  been  driven  and  still  exist  in  such  position  as  to  concen- 
trate the  united  waters  of  Tensas  and  Spanish  River  outlets  toward  the 
Mobile  outlet,  and  that  this  last  has  been  narrowed  by  similar  obstruc- 
tions, reaching  well  up  towards  Choctaw  Point.  To  these  obstructions 
the  present  greater  permanence  of  depth  in  Choctaw  Pass,  if  it  exist, 
may  be  due.  But  the  conditions  of  the  delta  are  constantly  changing, 
and  the  mouths  are  advancing  at  the  rate  of  about  100  feet  a  year.  If 
the  channel  is  stable  now  it  may  not  remain  so  many  years.  We  are, 
therefore,  forced  to  the  conclusion  that  the  dredging  project  does  not 
insure  that  permanency  of  channel-way  which  so  costly  a  work  ought  to 
secure. 

The  second  project  of  Captain  Damrell  extends  the  eastern  bank  of 
the  Tensas  branch  artificially  by  dikes  in  a  southwesterly  direction 
across  the  outlets  of  the  Spanish  and  Mobile  branches,  and  thence  in  a 
southerly  course  to  the  vicinity  of  Alabama  Port,  thus  collecting  all  the 
waters  of  the  rivers  flowing  into  the  bay  in  one  stream  between  this 
artificial  bank  and  the  western  shore,  and  literally  extending  Mobile 
River  to  the  lower  anchorage.  If  the  project  were  feasible  it  would  not 
be  easy  to  count  its  cost  or  foresee  the  difficulties  in  the  way  of  its  exe- 
cutiou.  It  would  create  an  almost  insuperable  barrier  to  navigation 
until  completed,  for  the  reason  that  the  construction  should  progress 
firom  the  mouth  of  the  Tensas  southward  in  order  to  make  the  river  cur- 
rents do  the  work  of  excavation.  In  what  manner  this  artificial  bank 
should  be  made  and  of  what  material  formed  to  enable  it  to  endure  the 
wash  of  the  waves  on  the  bay  side  and  the  rush  of  waters  on  the  river 
side,  could  only  be  determined  experimentally.  Its  construction,  how- 
ever, would  doubtless  require  to  be  more  solid  than  the  method  of  the 
plan  submitted.  If,  to  avoid  the  impediment  to  navigation,  the  river 
outlets  into  the  bay  be  left  open  until  the  east  bank  of  this  new  channel 
be  built  from  the  vicinity  of  Choctaw  Point  to  the  lower  bay,  this  great 
disadvantage  would  result,  that  the  immense  mass  of  material  excavated 
fix)m  the  bed  of  this  river  extension  by  the  current  would  all  be  trans- 
ferred to  its  outlet,  with  the  chance  of  forming  a  bar  there  and  of  filling 
Grant's  Pass.  In  fact,  it  is  a  transference  of  the  delta  of  the  Mobile 
River  from  the  head  of  the  bay  down  to  the  islands — a  very  radical 
change  in  the  conditions  that  at  present  exist  at  the  port  of  Mobile. 

Now  the  average  river  discharge  is  estimated  by  Captain  Damrell 
to  be  about  100,000  cubic  feet  per  second,  and  the  discharge  from  the 
bay  with  the  falling  tides  per  day  twice  that  amount.  By  these  out- 
flowing waters  as  well  as  the  inflowing  tides  the  sea  bar  is  maintained 
at  a  depth  of  22  feet.  As  the  river  silt  is  mostly  deposited  at  the  head 
of  the  bay,  which  is  ad^•anced  thereby  at  the  rate  of  about  100  feet  per 
year,  the  exterior  or  sea  bar  gets  little  or  no  accession  therefrom.  The 
conditions,  therefore,  beyond  the  entrance- way  at  Mobile  Point  are  favor- 
able, and  it  would  not  be  well  to  inaugurate  changes  that  might  dis- 
turb them,  for  it  is  easier  to  procure  deep  water  through  tlie  inner  bar 
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than  it  would  be  through  the  outer  or  sea?  bar,  should  that  commence  to 
shoal  by  virtue  of  the  transference  of  the  river  deposit  from  the  head  of 
the  bay  to  the  sea. 

A  stronger  objection  to  the  project  is  the  river  extension  itself  of  24 
miles  below  Mobile,  which  virtually  overthrows  its  present  regimen, 
changes  its  slope  and  surface  level  at  the  city  and  above  for  many  miles. 
Head  to  cause  the  flow  from  Mobile  to  the  new  mouth  must  be  obtained 
by  raising  the  banks  ea«t  and  we«t  in  the  vicinity  of  the  city  and  far 
above. 

The  numerical  data  at  hand  are  not  sufficient  to  decide  definitely  to 
what  extent  the  elevation  of  the  present  water  surface  must  be  carried ; 
but  to  fix  our  ideas  some  approximate  computations  may  be  made. 

If  Captain  Dararell's  estimate  as  to  the  average  volume  of  discharge 
be  correct — viz,  100,000  cubic  feet  i)er  second — it  is  safe  to  assume  that 
the  flood  volume  cannot  be  less  than  200,000.  His  proposed  new  channel 
is  1,400  feet  wide,  and,  admitting  that  a  mean  depth  of  22  feet  will  be 
excavated,  the  new  cross-section  will  be  30,800  feet,  which  would  in- 
volve a  mean  velocity  of  0.5  feet  per  second,  and  require  a  slope  of 
0.00034  or  1.8  feet  per  mile. 

Now,  a  slope  1.8  feet  per  mile  would  give  a  rise,  going  back  from  the 
mouth  of  the  extended  river  to  Mobile  24  miles,  of  43.2  feet,  and  this 
rise  would  be  needed  to  effect  the  discharge,  provided  the  bed  slope  by 
deposition  could  maintain  itself  parallel  to  the  surface.  Should,  how- 
ever, the  bottom  of  the  river  remain  undisturbed  at  its  present  level, 
the  discharge  would  be  effected  by  raising  the  surface  waters  at  Mobile 
7.5  feet,  the  corresponding  velocity  being  4.82.  As  the  wharves  along 
the  city  front  are  but  3J  feet  above  ordinary  high-water,  and  1  foot 
above  equinoctial  tides,  and  ove^*flowed  during  extraordinary  gales,  it 
is  evident  that  the  above  conditions  cannot  be  carried  out.  It  is  not 
necessary,  however,  that  more  water  than  the  ordinary  discharge,  say 
100,000  cubic  feet  per  second,  should  run  down  the  prolonged  river. 
The  freshet  water  might  escape  over  extended  waste-weirs  immediately 
into^the  head  of  the  ba3%  In  that  case  a  rise  at  Mobile  of  1.8  feet,  provided 
the  river  bed  remains  constant,  will  give  the  requisite  velocity  for  the 
outflow.  It  cannot  be  expected,  however,  that  the  bed  of  the  river  will 
maintain  its  present  level  for  a  distance  of  24  miles.  It  must  gradually 
rise,  and  \^dth  it  the  surface,  and  therefore  the  banks.  Now,  as  the  city 
wharves  are  only  3  J  feet  above  ordinary  high -water  and  are  occasionally 
overflowed,  it  seems  conclusive  that  without  building  levees  above  and 
below  Mobile  and  along  its  whole  front  the  transfer  of  the  river  mouth 
to  the  lower  bay  will  inundate  a  part  of  the  city  frequently.  The  river  ex- 
tension proposed  is,  therfore,  regarded  by  the  Board  as  impracticable. 

The  Board  now  present  two  projects  which  are  to  a  certain  extent 
modifications  of  Captain  Damrell's  plan. 

The  first  is  to  turn  the  waters  of  the  Mobile  branch  down  the  west 
shore  of  the  bay  by  extending  its  east  bank  to  Alabama  Port  or  as  far 
as  may  be  found  necessary,  to  cover  a  channel  formed  by  dredging.  The 
second  is  to  bring  this  channel  into  the  Mobile  branch  by  a  cut  across 
Choctaw  Point  to  be  closed  by  gates ;  or,  avoiding  the  cost  of  this  cut, 
to  connect  with  the  city  by  piers  at  Garrow's  Bend,  local  interests  de- 
termining the  choice  between  these  termini.  Well  covered  as  this 
channel  will  be  against  waves  by  its  artificial  bank,  a  width  of  100  feet 
is  deemed  sufficient  for  the  accommodation  of  the  large  vessels  alone 
compelled  to  use  it.  This  construction  will  in  no  wise  interfere  with  nav- 
igation in  the  river  or  bay  during  its  progress.  The  channel  will  have 
no  current  except  the  bay  current,  and  will  not,  therefore,  silt  up ;  nor 
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will  the  bank  require  any  protection  on  the  channel  side.    It  can  be 

fonned  piincipally  from  the  material  excavated  to  create  the  channel, 
consolidated  by  small  trees,  saplings,  and  brush,  which  grow  abundantly 
along  the  shore.    It  seems  probable  that  some  stone  will  be  required  to 
assist  in  the  solidification  of  this  atrtificial  bank.    As  the  bay  along  the 
line  of  its  location  is  quite  shoal,  varying  from  3  to  9  feet,  i^s  construc- 
tion need  not   be  expensive,  unless  extended  beyond  Alabama  Port 
Auther  than  is  necessary  to  resist  wave  action.    Any  estimate,  how- 
ever, must  be  at  best  but  approximate,  as  so  much  will  depend  upon 
the  cost  of  securing  its  bank  against  abrasion,  and  of  extending  it  into 
the  deep  water  beyond  Alabama  Port,  should  such  extension  be  found 
necessary. 

Of  these  two  projects  thus  summarily  presented,  the  second,  which 
lerminate.s  the  channel  at  Garrow's  Bend  or  extends  it  to  the  river  by  a 
cut  throug:h  Choctaw  Point,  is,  in  the  opinion  of  the  Board,  much  prefer- 
able to  the  first. 

Much  expense  will  be  saved  by  terminating  the  channel  at  Garrow's 
Bend :  but  there  maj"  be  sufficient  reasons  for  continuing  it  into  Mobile 
River  so  that  vessels  of  a  large  class  may  ascend  to  the  present  city 
wharves.  To  prevent  silt  depositing  within  the  cut,  gates  seem  neces- 
sary ;  otherwise  an  open  entrance  would  be  preferred. 

This  project  is  exhibited  in  a  general  way  on  accompanying  sketch 
(A),  exactness  of  location  and  precise  methods  of  construction  both 
of  the  east  bank  of  the  channel  and  the  gate  structure  are  left  to  be 
determined  hereafter,  should  the  project  be  adopted. 

There  is  a  question  connected  with  the  maintenance  of  a  deep  channel 
excavation  in  Mobile  Bay  which  can  only  be  solved  experimentally. 

It  seems  that  after  passing  through  a  crust  of  sand  and  stiff  clay,  at 
a  depth  of  from  14  to  16  feet  below  the  water  surface,  boring  has  re- 
vealed a  layer  of  soft  mud,  which  continues  to  a  depth  of  30  feet,  as  far 
M  the  auger  penetrated.  The  boring  rod,  4J  inches  in  diameter,  went 
down  of  its  own  weight  (247  pounds)  8 J  feet ;  thence,  with  weight  in- 
creased to  517  pounds,  it  sank  5^^,  reaching  a  depth  of  about  30  feet 
below  water-level.  Hitherto  the  dredging  has  stopped  in  stiff  clay  at 
13  feet  depth.  If  it  be  carried  9  feet  deeper  through  this  soft  clay  or 
mad  will  the  channel  remain  open,  or  will  side  pressure  cause  its  grad- 
ual fillings  by  lateral  motion  of  this  yielding  material?  As  there  will  be 
no  rapidly -flowing  current  to  keep  open  this  channel,  once  dredged  in 
the  bay,  should  it  tend  to  fill  by  mud  flowing  in  fi'om  either  side,  dredg- 
ing a  second  time  will  be  needed ;  in  other  words,  the  method  will  be  a 
failare.  It  seems  proper,  therefore,  as  a  i)reliminary  step,  that  the  ex- 
periment be  made  of  dredging  the  present  channel — say,  on  Dog  River 
Bar — for  a  length  of  100  yards  and  width  of  100  feet,  and  to  a  depth  of 
22  feet  below  the  surface  of  the  water  in  the  bay,  and  that  the  excavated 
portion  be  carefully  sounded  from  time  to  time  to  ascertAin  its  condition. 
Should  the  channel  fill  with  mud,  it  would  be  a  waste  of  money  to  at- 
tempt to  attain  a  permanent  water-way  22  feet  deep.  On  the  contrary, 
ahould  there  be  no  evidence  of  filling  by  side  pressure,  that  objection  to 
a  dredged  channel  would  come  to  naught. 

The  foregohig  question  being  decided  in  the  affirmative  by  trial,  this 
Board  is  of  the  opinion  that  if  the  present  and  prospective  commerce  of* 
Mobile  demands  a  channel  of  22  feet  depth  from  the  lower  bay  to  the 
citv  it  8boul<l  t>®  obtained  by  dredging  the  west  shore  of  the  bay,  to 
connect  with  Mobile  either  at  Garrow's  Bend  or  by  a  cut  through  Choc- 
^w Point  into  the  river.    But  if  17  feet  depth  will  satisfy  the  shipping 
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interests  of  this  port,  the  Board  recommends  that  it  be  attained  by 
dredging  the  present  channel. 

APPROXIMATE  ESTIMATE 

for  securing  a  channel  22  feet  deep  from  lower  anchorage  of  Mobile  Bay  to  Garrow's 
Bend,  on  tne  supposition  that  the  east  bank  for  the  protection  of  the  channel  is  built 
in  water  of  an  average  depth  of  9  feet,  and  extended  no  farther  south  than  Alabama 
Port.  Side  slopes  of  prism  excavated  are  assumed  at  1  upon  2.  The  average  prism, 
therefore,  to  be  dredged  will  measure : 

Feet 

Width  at  top 152 

Width  at  bottom 100 

Depth 13 

Cnbic  yards. 

Excavation  of  channel  from  Choctaw  Point  to  Alabama  Port,  113,322 

feetinlen^h 6,874,868 

Excavation  trom  Alabama  Port  to  deep  water,  23,448  feet  in  length 604, 507 

Total  excavation 7,479,375 


3,437,434  cubic  yards  to  be  dumped  alongside  channel  to  form  dike,  at 

15  cents $515,615  10 

3,437,434  cubic  yards  placed  on  upper  portion  of  dike,  at  20  cents 687, 486  80 

604,507  cubic  yards  beyond  Alabama  Port,  at  20  cents 120, 901  40 

Cost  of  excavation  of  channel 1,324,003  30 

To  consolidate  the  dike  formed  of  mud  and  sand  dredged  from  the 
channel,  some  nucleus,  as  brush  made  into  rafts  or  mattresses  and  cov- 
ered over  above  water  with  stone  ballast,  or  two  rows  of  piles  filled  in 
with  brush  closely  packed  and  covered  over  above  the  water  surface 
with  ballast,  will  be  needed.  If  stone  ballast  can  be  procured  as  cheaply 
in  Mobile  Bay  as  it  can  at  the  North,  it  is  estimated  that  this  nucleus 
can  be  built  for  about  $10  per  running  foot. 

113,322  running  feet  of  central  structure  of  dike,  at  $10 $1, 133, 220  00 

Add  cost  of  excavation 1,324,003  30 


Total  cost  to  Garrow's  Bend ^ 2,457,223  30 


Extension  to  Mobile  River 150,000  06 

Should  it  be  necessary  to  extend  the  dike  beyond  Alabama  Port  as  a 
protection  against  cross-currents,  the  structure  in  deep  water  will  be 
much  more  costly.  We  may,  therefore,  set  down  the  probable  cost  of 
creating  a  channel  along  the  western  shore  of  Mobile  Bay  to  the  city, 
from  the  lower  anchorage,  to  be  22  feet  deep,  100  feet  wide  at  bottom, 
and  protected  by  a  dike  extended  to  Alabama  Port,  or  as  far  as  shall 
be  found  necessary,  as  between  $2,500,000  and  $3,000,000. 
Eespectfully  Submitted. 

Z.  B.  Tower, 
Colonel  of  Engineers^  Brevet  Major- General, 

John  Newton, 
Colonel  of  Engineers^  Brevet  Major- General, 

Henry  L.  Abbot, 
Major  of  Engineers,  Brevet  Brigadier- General. 

Brig.  Gen.  H.  G.  Wright, 

Chief  of  Engineers,  U.  S.  A. 


I 
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K  2. 
IMPROVEMENT  OF  PENSACOLA  HARBOR,  FLORIDA. 

The  iini)rovement  of  this  harbor  was  commenced  November,  1878,  by 
the  removal  of  four  wrecks  at  or  near  the  entrance  of  the  harbor,  under 
an  appropriation  of  $20,000,  made  by  act  of  Congress,  approved  June 
18,  1878. 

Under  a  contract  made  with  Mr.  G.  W.  Le  Galhiis,  the  wrecks  of  the 
bark  Ada,  the  ship  Miles,  the  steamer  Convoy,  and  the  pilot-boat  Nettle 
were  to  be  removed  by  May  1,  1879,  but  on  account  of  stormy  weather 
the  contractor  was  unable  to  complete  the  work  at  the  specified  time, 
and  an  extension  of  time  to  complete  his  contract  was  granted  him 
until  July  1,  1879. 

Under  the  same  appropriation  a  survey  of  the  entrance  to  Pensacola 
Harbor,  for  the  purpose  of  ascertaining  the  cause  of  the  shoaling  of  the 
main  ship  channel,  south  of  the  Middle  Ground,  was  commenced  and  com- 
pleted during  the  la«t  fiscal  year,  and  for  a  full  report  of  same,  with  my 
recommendations  as  to  further  improvements,  I  would  respectfully  refer 
to  Annual  Report  of  the  Chief  of  Engineers  for  1879,  Appendix  J  2, 
p.  801. 

As  above  stated,  the  contract  for  the  removal  of  the  four  wrecks  had 
been  extended  to  July  1, 1879,  but  at  that  time  the  work  was  far  from 
being  complete.  The  wrecks  of  the  pilot-boat  Nettle  and  the  bark  Ada 
were  rei)orted  by  the  contractor  as  completely  removed ;  those  of  the 
ship  Miles  and  the  steamer  Convoy  only  partially.  As  this  delay  in  the 
completion  of  the  contract  was  entirely  caused  by  the  inclemency  of  the 
weather,  a  further  extension  of  time  until  August  15, 1879,  was  granted. 

On  August  9, 1879,  the  contractor  reported  all  four  of  the  wrecks  re- 
moved, according  to  the  terms  of  the  contract.  Upon  a  thorough  inspec- 
tion of  the  grounds  where  the  wrecks  had  been  located,  by  an  experi- 
enced diver,  made  between  the  11th  and  19th  of  August,  it  was  found 
that  the  wrecks  of  the  pilot-boat  Kettle  and  the  steamer  Convoy  had 
been  completely  removed,  while  portions  of  those  of  the  ship  Miles  and 
bark  Ada  were  still  found  buried  in  the  sand.  A  further  extension  of 
time  being,  granted  the  contractor,  he  continued  work  until  December 
15,  1879,  and  upon  a  second  examination  of  the  grounds  where  the 
wrecks  of  the  ship  Miles  and  bark  Ada  were  located,  it  wa^  found  that 
their  complete  removal  had  been  accomplished,  and  the  contract  com- 
pleted. 

No  further  work  was  done  during  the  balance  of  this  year. 

Since  the  completion  of  the  survey  in  1879,  no  observations  have 
been  made  in  regard  to  any  changes  which  may  have  taken  place  during 
the  year.  The  abrasion  of  the  western  shore  still  continues,  but  no  mate- 
rial increase  in  the  shoaling  of  the  main  ship  channel  has  been  reported. 

By  act  of  Congress  approved  June  14, 1880,  an  appropriation  of  $40,000 
was  made  for  the  improvement  of  this  harbor,  and  the  following  project 
for  the  expenditure  of  this,  and  balance  available  from  former  appropria- 
tion has  been  submitted,  viz :  To  dredge  a  channel  through  the  inner 
bar  that  has  recently  formed,  and  to  construct  as  much  of  the  training- 
wall,  according  to  project  submitted  with  annexed  report  for  1879,  as 
the  a])i)ropriation  will  allow. 

The  work  to  be  done  by  contract,  provided  reasonable  bids  are  received, 
otherwise  the  work  to  be  done  oy  hired  labor.     An  appropriation  of 
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$100,000  is  asked  for  fiscal  year  ending  June  30, 1882,  to  be  applied  to 
the  construction  of  the  retaining  wall  on  the  west  side  of  the  channel  in 
front  of  Fort  McRee. 

The  total  cost,  as  estimated,  for  the  work  proposed  is  $177,250,  and 
the  amount  required  to  complete  the  work,  exclusive  of  former  appro- 
priations, is  $124,152,  but  if  the  materials  of  the  ruins  of  Fort  ^Mellee 
can  be  used  as  part  of  the  ballast,  it  is  estimated  that  the  amount  avsked 
for  will  complete  the  work  to  the  extent  of  the  present  project. 

The  removal  o^  the  wrecks,  accomplished  during  the  year,  not  only 
lessens  the  dangers  of  navigation,  but  it  may  reasonably  be  supposed 
that  one  of  the  causes  which  tended  to  the  formation  of  the  inner  l)ar  is 
thereby  removed. 

The  improvement  contemplated — the  deepening  of  the  main  ship-chan- 
nel to  its  former  depth  of  24  feet — will  not  only  exert  a  beneficial  influence 
upon  the  commerce  of  Pensacola,  in  so  far  as  it  will  permit  this  place,  if 
not  to  immediately  increase,  at  least  to  retain  its  already  large  trade, 
but  will  also  enable  our  vessels  of  war,  of  the  above  draught,  to  reach 
Pensacola  navy-yard  without  detention. 

The  work  is  locat<^d  in  the  collection  district  of  Peusjicola,  Fla.,  with  Pensacola  as 
the  port  of  entry,  and  is  situated  near  Forts  Pickens  and  McRee  and  Pensacola  light- 
house. 

The  following  statistical  statement  of  the  commerce  of  Pensacola  for 
the  fiscal  year  ending  June  30, 1880,  has  been  furnished  me  by  the  col- 
lector : 

Duties  ou  imports  and  sale  of  unclaimed  goods ^10,864  86 

Tonnage  dues 50,8^*2  35 

Hospital  tax 1.872  38 

Offlcialfees 3,441  20 

Steamboat  inspections 275  00 

Total 67,335  79 

Amount  of  exports  to  foreign  countries 1, 930, 639 

Amount  of  shipments  coastwise 335,346 

Total 2,265,985 

Foreign  vessels  entered :  334  vessels,  233,043  tons,  4,867  men.  Foreign  vessels  cleared : 
346  vessels,  243,249  tons,  4,961  men.  American  vessels  entered  from  foreign  countries: 
64  vessels,  23,244  tons,  500  men.  American  vessels  cleared  to  foreign  countries :  31 
vessels,  11,001  tons, 265  men.  Vessels  entered  coastwise:  192 vessels, 63,947  tons, 2,078 
men.  Vessels  cleared  coastwise :  211  vessels,  55,652  tons,  2,092  men.  Total  number  of 
vessels  entered :  590  vessels,  1^20,234  tons,  7,451  men.  Total  number  of  vesselH  cleared  : 
588  vessels,  309,902  tons,  7,288  men. 

Money  statenient. 

July  1,1879,  amount  available ^16,779  48 

Amount  appropriated  by  act  approved  June  14, 1880 40, 000  00 

$56, 779  48 

July  1,  1880,  amount  expended  during  fiscal  year 3,681  41 

July  1,  1880,  amount  available 53,098  07 

Amount  (estimated)  required  for  completion  of  proposed  project 124, 470  52 

Amount  that  can  be  prohtably  expended  in  fiscal  year  ending  June  30, 1882.  100.  (X)0  00 
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K3. 

IMPROVEMENT  OF  HARBOR  AT  CEDAR  KEYS,  FLORIDA. 

Provision  was  made  for  the  survey  of  this  harbor  by  act  of  Congress 
approved  June  10,  1872. 

The  survey  was  made  from  August  to  December,  1872,  and  the  report 
upon  it  was  made  in  1873,  and  is  contained  in  the  annual  Beport  of  the 
Chief  of  Engineers  of  that  year. 

The  project  recommended  at  that  time  was  to  dredge  a  channel  100 
feet  wide  and  10  feet  deep  across  the  bend  in  the  main  channel  passing 
to  the  westward  of  Harbor  Key.  It  was  afterward  modified  so  as  to 
obtain  in  the  same  manner  a  channel  12  feet  deep,  or  as  deep  as  the  un- 
derlying limestone  would  permit  from  the  Gulf  of  Mexico  to  Gedar 
Keys. 

During  the  progress  of  the  work  in  1877  another  change  was  made, 
which  it  was  thought  would  reduce  the  cost  materially  and  accomplish 
the  same  result.  This  change  was  to  make  a  cut  across  the  middle 
ground  between  Way  Key  and  Depot  Key,  instead  of  the  one  first  pro- 
posed across  the  bend  in  the  main  channel  passing  to  the  westward  of 
Harbor  Kej'. 

The  present  plan  is  therefore  to  dredge  a  channel  200  feet  wide  and  as 
deep  as  the  underlying  limestone  will  permit,  not  exceeding  12  feet, 
through  the  outer  bar  and  the  middle  ground  between  Way  Key  and 
Depot  Key,  and  to  make  slight  improvements  by  dredging  portions  of 
the  channel. 

The  original  estimated  cost  of  this  work  was $133, 500  00 

The  amounts  appropriated  are  as  foHows : 

Act  approved  June  10,  1872 $7,500  00 

Act  approved  March  3,  1875 15,000  00 

Act  approved  August  14,  1876 10,000  00 

Act  approved  June  18,  1878 20,000  00 

Act  approved  March  3,  1879 15,000  00 

Act  approved  June  1-1,  1880 15,000  00 

82,500  00 

Total 51,000  00 

The  first  appropriation  was  expended  in  dredging  by  contract  on  the 
outer  bar.  The  second  at  the  same  place  and  in  the  same  manner.  The 
third  was  applied  to  dredging  a  cut  through  the  middle  ground,  and  the 
balance  on  the  outer  bar  and  making  slight  improvements  in  the  main 
channel  between  Sea  Horse  and  Harbor  Keys.  The  fifth  has  been  and 
is  being  used  in  the  removal  of  the  wreck  of  the  steamer  Lewisburg  and 
widening  the  dredged  channel  through  the  outer  bar. 

The  results  obtained  up  to  the  close  of  the  fiscal  year  ending  June -30, 
1879,  were  a  cut  200  feet  wide  and  11 J  feet  deep  (down  to  the  limestone) 
through  the  middle  ground,  another  100  feet  wide  and  12  feet  deep 
through  the  outer  bar. 

During  the  fiscal  year  ending  June  30, 1880,  the  wreck  of  the  steamer 
Lewisburg  was  removed  and  14,273  cubic  yai^ds  were  excavated  by  con- 
tract on  the  outer  bar  in  the  process  of  widening  the  cut. 

It  is  proposed  to  use  the  appropriation  made  by  act  of  Congress  ap- 
proved June  14, 1880,  and  the  balance  of  the  appropriation  made  by  act 
approved  March  3,  1879,  in  widening  the  cut  through  the  outer  bar  and 
eompletiug  the  project. 

The  improvement  already  eftected  seems  to  bave  been  of  considerable 
value  to  CedBi'  Kej-s. 
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The  town  has  increased  in  population  and  in  the  number  and  character 
of  its  buildings.  Local  trade  is  reported  to  have  increased  fully  60  per 
cent.  Tonnage,  imports,  exports,  and  revenue  have  all  increased  con- 
siderably during  the  past  year. 

This  work  is  in  the  collection  district  of  Cedar  Keys,  and  Cedar  Keys  is  the  port  of 
entry. 

The  following  are  the  commercial  statistics  as  furnished  by  the  col- 
lector of  customs : 

Value  of  foreign  imports 87.2S0  00 

Value  of  exports  to  foreign  ports 5,  Otil  00 

Amount  of  revenue  collected c?,  500  00 

Total  number  of  vessels 187 

Tonnage  of  same 103, 938 

Total  number  of  vessels  cleared. - 143 

Tonnage  of  ^ame 75, 178 

Value  of  pine  and  cedar  lumber  shipped S352. 000  00 

Value  of  other  commerce 105,000  00 

Money  statement. 

July  1,  1879,  amount  available $21,107  71 

Amount  appropriated  by  act  approved  June  14,  1880 15, 000  00 


July  1,  1880,  amount  expended  during  fiscal  year 9, 424  '^8 

July  1,  1880,  outstanding  liabilities 33  90 


36, 107  71 


9,  458  28 


July  1,  1880,  amount  available..  26,649  43 


Abstract  of  bids  received  and  opened  November  5,  1879,  for  dredging  in  the  harbor  of  Cedar 

KeySy  Florida, 


No.  Name  of  bidder.  ..i^w^vSrS  '  Time  of  commencing  work. 


1 
2 


James  E.  Slaughter. 
S.  N.Kimball 


$0  69.  9  '  On  or  before  the  Ist  day  of 
February,  1880. 
95 


Time  of  completing  work. 


On  or  before  the  Ist  of  June, 
1880. 


Abstract  of  bids  received  and  opened  November  5,  1879,  for  removal  of  wreck  of  steamer 

Lewisburg,  in  the  harbor  of  Cedar  Keys,  Florida. 


No. 


1 
2 


Name  of  bidder. 


Price  of  entire  removal 
of  work. 


James  E.  Slaughter. 
S.N.Kimball 


$1,999 
3,900 


K  4. 

IMPROVEMENT  OF  CHATTAHOOCHEE   RIVER,  ALABAMA  AND  GEORGIA. 

The  survey  for  this  improvement,  directed  by  acts  of  Congress  approved 
March  31, 1871,  and  June  10, 1872,  was  made  from  Cohimbus  to  Chatta- 
hoochee.   The  preliminary  report  was  submitted  July  31, 1872. 

The  final  report  was  submitted  in  the  annual  report  from  this  oflBce 
for  fiscal  year  ending  June  30,  1873,  and  forms  a  part  of  the  annual 
report  of  the  Cliief  of  Engineers  for  that  year. 

The  project  adopted  for  the  improvement  was  to  obtain  a  good  navi- 
gable channel,  100  feet  wide  and  4  feet  deep  at  low-water,  throughout 
the  whole  distance  from  Columbus  to  Chattahooche,  by  the  removal  of 
snags,  wrecks,  and  loose  rocks,  and  the  improvement  of  a  number  of 
bars  by  blasting,  dredging,  and  the  construction  of  dams  and  wing-dams. 
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The  estimated  cost  of  the  improvement  was  $145,247.66. 
The  appropriations  since  made  are  as  follows : 

Bract  of  Congress  approved  June  23,  1874 $25,000  00 

Bjact  of  Congress  approved  March  3,  1875 25,000  00 

By  act  of  Congress  approved  August  14,1876 20,000  00 

For  the  Chattahoochee  and  Flint  together 70, 000  00 

For  the  Chattahooche  by  itself: 

By  act  of  Congress  approved  June  18,1878 $18,000  00 

By  act  of  Congress  approved  March  3,  1879 15,000  00 

By  act  of  Congress  approved  June  14, 1880 20,000  00 

Total 5.3.000  00 

No  separate  aecount  was  kept  of  the  expenditures  on  the  Chattahoochee 
and  Flint  rivers  when  the  appropriation  was  made  for  the  two  together; 
but  I  am  satisfied  the  estimated  cost  of  this  work  will  be  exce^ed  by 
135,000  or  $45,000,  on  account  of  the  necessary  repair  required  to  works 
constructed  each  subsequent  year,  and  the  annual  removal  of  snags 
which  lodge  in  the  river  after  every  freshet — the  cost  of  both  these  items 
being  about  $5,000  per  year  which  has  been  expended  each  year  since 
the  commencement  of  the  work,  and  should  be  charged  to  the  preserva- 
tion of  the  improvement  rather  than  to  the  improvement  itself. 

The  work  accomplished  on  the  improvement  to  June  30,  1879,  was  as 
follows : 

The  snags  and  overhanging  trees  obstructing  or  endangering  naviga- 
tion of  the  river  at  the  commencement  of  this  work  were  removed,  as 
well  as  the  annual  accumulations  since.  Upatoi  and  Woolfolk  Bars  were 
improved  by  a  system  of  timber  and  brush  wing-dams  so  as  to  give  the 
width  and  depth  required  by  the  project.  / 

A  shore  protection  was  constructed  at  Shell  Creek  Bar,  Little  Uchee, 
reef  below  Little  Uchee,  Slick  Bluft*,  roils  below  Slick  Bluff,  and  the 
middle  rocks  in  Uchee  and  Hardridge's  Shoals  were  all  opened  by  blasting 
to  the  fall  depth  but  not  to  the  full  width  required. 

During  the  last  fiscal  year  a  barge,  50  by  20  feet,  with  quarters  for 
laborers  and  hoisting-derrick;  a  magazine-boat,  25  by  12  feet;  a  dumping- 
scow,  30  by  15  feet;  and  a  scow  for  pile-driving,  50  by  24  feet,  were  built. 
The  remainder  of  the  work  is  given  in  the  following  table : 

Tabular  itatemeni  of  progress  made  during  the  fiscal  year  ending  June  30,  1880. 


Xames  of  places. 


Jeimie's  IsUiid  . . . 

Abenrrombie's  Bar 
Woolfolk'0  Bar  . . . 

FpatoiBar 

rch«e  Shoalii 

Culpepper  Island  .  ■ 
Tanons  places 


S 

2 

o 

o 


I 


6 


8  1 

10  \\ 

11  2 
19  \\ 
32  2 


5 

'9 


9 


a  \B 


(r 


5 

a 
% 


•3 

c 

■*■» 

i 

i 


a 

M 
a 


a 
s 
o 
P. 


"2 

o 

i 

M 


OB 

1 
O 


> 

o 

a 

z 

a 

d 
'A 


to 

s 

.£3 
hi 
O 
> 

o 
u 

a 

d 
}Z5 


3|  350  150 1... 

4  500  150 

4  I  300  150 i I 

4  35  65   616    120     2^    580> 

4  :  400  150  ............'....' 


43       8 


I 

♦a 

.a 


711 
145 
855 


982 


1 

.a 

5 


Remarka. 


Baree  sank  to  obstruct 

false  channel. 
Brush  wing-dams. 

Do. 

Do. 
Rocks  blasted. 
B^sh  wing-dams. 


616   120     2^   580.    43)      8  2,693       4 


/ 


/    /    / 
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!^The  whole  improvement  effected  since  the  commencement  of  the  work 
is  shown  by  the  following  table,  except  the  removal  of  snags  and  over- 
hanging trees,  which  has  been  carried  the  whole  length  of  the  river  to 
be  improved: 


Names  of  places. 


Abercroinbie's  Bar. . . 

Woolfolk'a  Bar 

UpatoiBar 

Shell  Creek  Bar 

Little  lichee  Shoala.. 

Reef     below    Little 

Uchoj*. 
Slick  Blutr  Roof    . . . . 

Middle  Rocks 

Biff  Uchot*  Shoals 

Ciil|>er>ner  Island  Bar. 
llanlriuge's  Shoal  . . . 


o 


> 


I 


:^  I  5 


J 


P. 


^ 

H 


4^       i      •** 


-  "^  ^^ 


-a 

a 

o 


Remarks. 


1   « 

r    8 

] 

r    77 

1 

34 

350 

150 

Contracted   with  wing- 

c 

Mt 

1 

dams. 

3 

10 

.3  . 

9  tf 

75 

14 

4 

MO  i 

150 

Do. 

^  -2  ^ 

11 

74 

2 

4 

300 

150 

Da 

g 

24 

64 

3 

3 

350 

350 

Shore  protection. 
Reef  blasted;   too  nar- 

1 

17 

H 

68 

2 

4 

50 

60 

J  o 

1 

row. 

1     . 

r   174 

ci 

r      674 

14 

4 

50 

60 

Da 

^ 

o 

-< 

18 

• 

0) 

67 

0 

4 

39 

55 

Part  of  dry  reef  blasted 

1    5    1 

184 

^•§1 

664 

it 

4 

30 

80 

off. 

*2 

19 

Q 

66 

4 

35 

65 

& 

y 

32 

ft 

53 

2 

4 

400 

150 

[      27     ' 

J  ^ 

I        6 

2 

4 

35 

80 

It  is  proposed  to  apply  the  funds  available  for  expenditure,  during 
fiscal  year  ending  June  30, 1881,  as  follows : 

To  removing  the  wreck  of  tlie  steamer  Big  Foot,  at  Roanoke  Island. 

Kepairing  old  jetty  at  Woolfolk's  Bar. 

To  improving  the  river  channel  at  Jennie's  Island,  Mound,  Francis, 
and  Preston  Bai*s,  so  as  to  give  a  channel  of  4  feet  depth  at  low-water, 
by  scour,  proiluceii  by  contracting  the  low-waterway  by  means  of  brush 
wing-dams. 

To  improving  the  channel  at  the  rock  shoals  known  as  Belton's  and 
Cody's  Kocks,  Snake,  Averitt's,  Oak  Log,  Baltimore,  Roanoke,  Cowackee, 
and  Morgan's  Shoals,  by  widening  and  deei>ening,  by  blasting. 

To  snagging  the  whole  length  of  the  river. 

It  is  pix)posed  to  apply  the  appropriation  asked  for  fiscal  year  ending 
June  .*U),  1882,  in  accordance  with  the  above  project. 

The  total  value  of  nieixihandise  transjwrteil  during  the  fiscal  year 
amounts,  in  n)und  numbers,  to  $4,398,000  against  $3,760,000  last  year, 
showing  a  gain  of  $037,000  or  about  20  |>er  cent.  The  river  freights 
aggivgate  S10C>,800  against  $156,558  last  year,  a  gain  of  $40,242  or 
nearly  40  per  cent. 

It  is  expecteil  that  the  business  will  continue  to  increase  from  year  to 
year  as  the  navigation  is  improvetl. 

This  work  is  nitttcUod  in  the  collection  districtv-j  of  Savannah.  Brunswick,  and  Saint 
MuryV,  (ia. 
The  neurt\Ht  port  of  entry  is  Savannah,  Ga, 
The  amount  of  revenue  coUectiHl  for  tiscal  year  ending  June  '^0,  1S^\  is  ^9,417.01 

Tliis  impixivement  will  not  l>e  permanent  in  its  character,  when  com- 

IWotod,  and  it  is  estimatetl  it  will  retpure  an  annual  e3q)euditure  of  about 
Ul,(H>0  to  pivsorve  it,  in  ivmoving  snags  and  overhanging  trees,  repairs 
to  dams  aiul  wing-dams,  and  shuiv  pi\)tection  to  prevent  caving  banks. 
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Money  statement. 

July  1,  l>^9,  amount  available $27,454  8*2 

Auioiint  appropriated  by  act  approved  June  14,  1880 20, 000  00 

. 147,  454  82 

Jnly  1,  16emi,  amount  expended  during  fiscal  year 10,250  16^ 

July  1,  1880,  amount  available 37,204  66 

AinoQiit  (eHtimateil)  required  for  completion  of  existing  project 85,000  00 

Aiuoiiut  that  can  be  prolitably  expended  in  fiscal  year  ending  June  30,  1682.  80, 000  00 


K5. 

IMPROVEMENT  OF  FLINT  RIVER,  GEORGIA. 

The  survey  for  tbis  improvement  was  directed  by  act  of  Congress 
approved  June  10,  1872,  and  was  made  between  November,  1872,  and 
May,  1873.  Rei)ort  was  submitted  upon  it  in  the  annual  report  from 
this  office  for  the  fiscal  year  ending  June  30,  1873,  and  is  contained  in 
the  Annual  Report  of  the  Chief  of  Engineers  for  that  year. 

The  project  a<lopted  for  the  work  wa«  to  obtain  a  channel  100  feet 
wide  and  3  feet  deep  by  removing  snags  and  •overhanging  trees,  loose 
rocks  on  various  shoals,  and  blasting  channels  through  several  others. 

The  €5Stimated  cost  of  the  improvement  from  Chattahoochee  to  Albany,. 
Ga.,  wa«  $184,862. 

The  amounts  appropriated  since  are  as  follows : 

Chattahoochee  and  Flint : 

By  act  of  Congress  approvedJune  2:),  1874 ^ $25,000  OO 

By  met  of  Congress  approved  March  3, 1875 '^S,  000  00 

By  act  of  Congress  approved  August  14,  1876 20, 000  00 

By  act  of  Congress  approved  June  18,  1878 10, 0(»0  00 

Bv  act  of  Congress  approved  March  3,  1879 7,000  00 

By  act  of  Congress  approved  June  14,  1880.... 20,000  00 

Total  for  Chattahoochee  and  Flint  together 70,  000  Oa 

Total  for  Flint  River  by  itself 37,000  00 

The  last  act,  however,  prescribed  that  $10,000  of  the  amount  appro- 
priated should  be  expended  between  Albany  and  Montezuma,  a  portion 
of  the  river  not  included  in  the  original  estimate,  but  which  was  examined 
under  direction  of  the  act  of  Congress  approved  June  18, 1878.  This 
examination  was  made  from  December,  1878,  to  January,  1879.  Report 
was  sabmitted  February  6, 1879,  and  is  contained  in  the  annual  report 
of  the  Chief  of  Engineers  for  the  fiscal  year  ending  June  30,  1879. 

The  project  adopted  for  this  portion  of  the  river  was  to  remove  snags 
md  overhanging  trees,  so  as  to  give  a  navigable  channel  throughout  (an 
«tiinated  distance  of  77  miles)  for  light  draught  steamers  when  the 
water  was  a  little  above  the  low- water  stage. 

The  estimated  cost  of  the  work  was  $15,100.    The  estimated  cost  of 
the  work  as  now  carried  on  would  therefore  be  $199,962. 
The  work  accomplished  up  to  the  30th  of  June,  1879,  was  as  follows: 
The  river  was  improved  thoroughly,  so  as  to  give  a  good  navigable 
^-hannel  of  the  projected  width  and  depth  from  the  mouth  up  as  far  as 
Rainbridge,  Ga.,  except  at  Kob's  Rocks,  by  the  removal  of  snags,  over- 
hanging trees,  opening  a  channel  on  the  west  side  of  Lambert's  Island, 
^iiid  the  removal  of  the  following  rock  shoals:  Rob's  (not  quite  com- 
pleted). Broad  Axe,  Bryant's,  Versailles,  and  those  at  the  railroad  and 
Eainbridge  City  wharves.   A  hoveBawbridge^  Fodderstack,  Cross  Chute, 
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aud  Red  Bluflf  Shoals  were  improved,  so  a^  to  give  the  required  channel, 
and  Aniett's  Bridge,  at  Bainbridge,  was  removed.  A  new  hull  was 
buOt  for  the  blasting  barge. 

During  the  fiscal  year  ending  June  30,  1880,  the  work  performed  on 
this  ri\  er  is  as  follows : 

The  channel  of  the  river,  to  the  projected  depth  and  width,  was  com- 
pleted by  the  removal  of  rock,  sometimes  loose  and  at  other  times  ex- 
tending all  the  way  across  the  river,  between  Ked  Bluff  and  Bainbridge, 
thus  completing  the  improvement  from  the  mouth  to  Ked  Bluff,  10  miles 
above  Bainbridge.  Work  was  commenced  on  Winding  Shoals,  22  miles 
above  Bainbridge.  A  working  barge,  60  by  20  feet,  with  quarters  and 
lioisting  derrick,  and  dumping  scow,  35  by  18  feet,  were  also  built. 

The  following  table  shows  in  detail  the  progress  made  during  the 
year : 


XaiueH  of  places. 

V 

> 

i 

3     . 

OB  Oi 
V  tl 

"3| 

^m 

—  ^^ 

a 
\ 

2 
3 

1 

10 
22 

• 

i 

Ska 

.s 

5 
3 
*J 

•3 

a 

£ 

55 
30 
40 
20 
40 
40 

1 

.s 

S  i 

c 

•I 

100 
100 
100 
100 
100 
100 

• 

1 

g 

*^ 

c 

1 

i 

a 

ft 

■*» 
e 

• 

1 

Urn 

cs 

% 

13 

c 
« 

S      i  J 

S              fi 

mm                    *• 

9             9 

50  :  10 

95     19 

3 

Z 

1% 

1 

42 

67 

•2 

1 

e 

« 

Below  Cotton  Factorv 

1 
1 

U 
14 
1 

36 
76 
72 
20 
3 
21 

16 

Three  Rock  Keach 

37 

Middle  Reach 

90     18  .     1A5 

3 

Below  Rod  Bluff 

25 

5 

10 

5 

140 

15 

Red  Bluff 

1       263 
9       576 

20 

Wiudinir  Shoals* 

12 

1 

Total     

228 

284 

tt9 

1   9ftO 

103 

' 

«rt       „     ., 

•a 


=  1 


S    i 


2 


*  When  finished. 


Since  the  commencement  over  50  miles  of  river  have  been  cleared,  so 
as  to  give  a  good  navigable  channel  the  entire  year. 

The  following  table  gives  location  of  principal  shoals  improved  with 
depth  and  width  of  channel  before  and  after  improvement : 


Names  of  places. 

hi 

"a 

'e  Bainbridge. 

idth.  in  feet 

a 
a 

spth,  in  feet. 

^pth,  in  feet. 

• 

Remark!*. 

S 

cs 

a 

S 

t 

-a 

s 

I 

1 

0 

i 

0 

1 

0 

4 

1 

ill 
3 

• 

TjimUorf'fi  TmIjiikI 

12 
10 

44 

2 

0 

100 
100 
100 
100 
100 
100 
100 
100 
100 
100 
100 

New  channel  opened  on  west  side  of  i.^tland. 
Isolated  dry  liowlder,  not  tiuished. 
Bowlder  in  mid-channel. 
Bowhier  on  point. 
Bowlder  in  mid-channel. 
Several  rocks  near  wharf. 
Dry  ledge  removed  to  widin  channel. 
Do. 

IloVsRock 

Broad  Axe  Rock 

Bryant's  Rock 

Ve'rsailles  Rock 

Baiubrid  ji^e 

Fodderstack  Shoals . . 
CroiiM  Chut'C 

"12' 

11 

4 

3 

22 

60 
50 
70 
50 
100 
80 
75 
30 
40 
40 

Below  Cross  Chute 

Ix>ose  iticks  taken  out. 

Three- Rock  Reach  . . . 
Winding  Shoals 

1 

Do. 
Work  progi-essing. 

It  is  proi>osed  during  the  next  fiscal  year  to  continue  this  work  at 
Winding  Shoals  to  completion  and  then  to  drop  down,  removing  Craw- 
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ford'a  Point  and  such  other  obstructions  as  may  be  encountered,  until 
Fodderstack  Shoals  are  reached,  which  will  join  up  to  the  work  below, 
and  complete  the  improvements  from  the  mouth  to  Winding  Shoals,  22 
miles  above  Bainbridge,  Georgia.  It  is  then  proposed  to  tow  the  boats 
to  Hell-Gate,  1  mile  above  Winding  Shoals,  and  work  on  up  stream  as 
far  as  the  funds  will  permit. 

The  proposed  application  of  the  appropriation  asked  for  the  fiscal 
year  ending  June  30, 1882,  is  to  continue  the  work  on  to  Newton  and  as 
far  above  towards  its  completion  as  the  appropriation  will  permit. 

There  is  at  present  no  commerce  above  Bainbridge,  Georgia,  and  the 
improvements  will  be  practically  dormant  until  Newton  is  reached. 
The  citizens  declare  that  they  will  have  a  line  of  boats  on  as  soon  as  the 
river  is  in  condition  to  receive  them. 

From  the  best  information  that  could  be  obtained  it  is  believed  tlie 
river  business  below  Bainbridge  is  about  10  per  cent,  greater  than  last 
year. 

This  improvement  may  be  considered  as  reasonably  ])ermanent,  and 
it  is  estimated  that  an  annual  appropriation  of  $2,000  for  five  years 
after  the  completion  of  the  work  will  be  sufiicient  to  preserve  the  im  - 
I>roved  channel  as  far  up  as  Albany.  It  is  impossible  to  estimate  at 
present  for  that  portion  below  Albany  and  Montezuma. 

This  work  is  fdtnated  in  the  collection  district  of  Brunswick  and  Saint  Mary*8, 
Georgia;  and  Apalaohicola,  Florida,  is  the  nearest  port  of  entry. 

Money  statement 

July  1,  1879,  amount  available 4ilO,870  49 

Amoaot  appropriated  by  act  approved  June  14,  1880 iW,  000  00 

$30, 870  49 

Jaly  1,  18d0,  amount  expended  during  fiscal  year 8, 0i)2  97 

July  1,  ISeO,  amount  available 1 2i>,867  52 

Amonn  t  (estimated)  required  for  completiou  of  existing  project 167. 8*29  52 

AoKMiot  that  can  be  prorttably  expended  in  tiscal  year  ending  June  30,  ISS'2.     50, 000  00 
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IMPROVEMENT  OF  APALACHICOLA  RIVER,  FLORIDA. 

The  survey  for  this  improvement  was  directed  by  act  of  Congress 
approved  June  10,  1872,  and  was  made  between  !N^oveniber,  1872^^  and 
February,  1873.  The  report  on  the  same  was  made  in  the  annual  report 
l^m  this  office  for  the  fiscal  year  ending  June  30, 1873,  and  forms  ii 
part  of  the  Annual  Report  of  the  Chief  of  Engineers  for  that  year. 

The  project  adopted  for  the  improvement  was  to  obtain  a  good  navi- 
gable channel  of  0  feet  depth  of  water  from  its  mouth  up  to  the  river 
Styx  ;  through  that  river  to  Moccasin  Slough,  through  the  slough  to  the 
Apalachicola  River  again,  and  up  it,  to  its  head,  by  the  removal  of 
sna^.s  and  straightening  and  widening  the  channel  of  Moccasin  Slough. 

Th^  e-Htimated  cost  of  the  work  was ^0. 33:^  00 

The  appropriations  already  made  are  as  follows : 

Hy  act  of  ijongress  approved  June  23, 1874 |»10, 000  00 

Br  act  of  Congress  approved  March  3, 1875 10, 000  Oo 

Bf  act  of  Cougrees  approved  June  18, 187H  . .-. 8,  (XK)  On 

Hv  Ai-t  of  Congreus  approveil  March  3, 1879 5, 000  (X) 

Br  act  of  Congress  approved  June  14,  1880 2,  (HM)  Ou 

X),000  00 

45,  ;vi^  00 
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With  these  appropriations  up  to  the  close  of  the  fiscal  year  ending 
June  30, 1879,  snags  and  overhanging  treses  were  removed  from  Apa- 
lachicola  to  the  hemi  of  the  river,  136  miles,  following  the  line  mentioned 
in  the  project.  In  addition  to  the  obstructions  of  this  character  in  the 
river  at  the  beginning  of  the  work,  large  accumulations  which  formed 
each  year  since  were  removed. 

Improvements  were  also  made  at  the  upper  and  lower  end  of  Mocca- 
sin Slough.  Those  at  the  upper  end,  although  improving  the  channel, 
did  not  accomplish  all  that  was  desired. 

Chipola  Cut-off,  although  not  included  in  the  original  project,  was 
improved,  by  authority  of  the  Chief  of  Engineers,  from  its  upper  end  to 
White's  Bluff,  a  distance  of  9  miles,  giving  access  by  steamer  to  the 
orange-groves  along  Dead  Lake. 

During  the  past  fiscal  year  a  canal  was  cut  across  the  peninsula  be- 
tween Apalachicola  River  and  the  upper  end  of  Moccasin  Slough,  70 
feet  wide  and  5  feet  deep,  to  avoid  the  abrupt  turn  at  the  junction; 
3,611  cubic  yards  of  sticky  blue  clay  with  a  great  many  cypress  logs 
and  stumps  were  removed  in  the  work,  which  was  three  times  stopped 
by  freshets.  A  raft  of  several  hundred  logs  was  removed  at  Styx 
Island,  and  another  near  the  mouth  of  Styx  River. 

It  is  proposed  to  apply  the  funds  available  for  expenditure  during 
fiscal  year  ending  June  30,  1881,  in  completing  the  canal  at  Moccasin 
Slough,  and  in  removing  either  Styx  Island  or  the  point  opposite,  and 
keeping  the  channel  clear  of  snags. 

The  proposed  application  of  funds  asked  for  the  fiscal  year  ending 
June  30,  1882,  will  be  to  keep  the  improvements  already  completed  in 
repair,  to  keep  the  channel  free  from  obstructions,  and,  if  found  neces- 
sary^,  to  improve  Bluntstown  Bar  by  a  system  of  wing-dams. 

The  present  commerce  on  this  river  is  insignificant  when  compared 
with  its  former  proportions.  This  diminution  is  due  to  railroad  comi)e- 
tition  and  the  shallow  outlet  at  Apalachicola.  With  the  river  bar  deep- 
ened to  11  feet  a  fresh  impetus  would  spring  up,  and  the  river  com- 
merce would  probably  be  increased  to  a  great  extent. 

This  work  is  situated  in  the  collection  district  of  Apalachicola. 
Apalachicola  is  the  nearest  port  of  entrv.     The  amount  of  revenue  collected  during 
fiscal  year  ending  June  30, 1«H0,  |';i92.50.  " 

Money  statement 

July  1,1^9,  amount  available |9,589  :\6 

Ammiut  appropriated  l»v  act  approved  June  14,  18H0 2, 000  00 

i%ll,  r>^J  M 

July  1,1880,  amount  expended  during  fiscal  year '^,6f^i  97 

July  1, 1880,  amount  available 5,905  31) 

A  mount  (estimated )  required  for  completion  of  existing  project 45, 000  00 

Amount  that  can  be  profitably  expended  in  fiscal  year  ending  June  30, 1882.       5, 000  00 


K  7. 

IMPROVEMENT  OF  APALACHICOLA  BAY,  FLORIDA. 

A  survey  for  this  improvement  was  provided  for  by  act  of  Congress 
approved  July  11, 1870.  Keport  of  the  survey  is  contained  in  the  An- 
nual Report  of  the  Chief  of  Engineers  for  1872,  pp.  612  to  623.    A  re- 
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examiuatioii  was  made  in  December,  1878,  report  of  which  is  contained 
in  Annual  Report  of  the  Chief  of  Engineers  for  1879,  pp.  823  to  824. 

The  plan  adopted  consists  in  dredging  a  channel  through  the  bar  at 
the  mouth  of  the  Apalac]iicola  River,  100  feet  wide  and  11  feet  deep  at 
mean  low- water,  following  the  natural  line  of  deepest  water. 

The  first  appropriation,  $10,000,  was  made  by  act  of  Congress  ap 
proved  June  14, 1880. 

With  the  amount  thus  made  available  it  is  proposed  to  commence 
dredging,  according  to  the  plan,  by  contract.  It  is  proposed  to  apply 
the  appropriation  asked  for  in  continuing  the  work. 

The  work  would  not  probably  be  permanent,  but  would  require  more 
or  less  dredging  every  three  op  four  years  to  keep  the  channel  open  to 
its  full  length  and  depth. 

The  commerce  to  be  benefited  is  given  in  the  following  statement  fi^om 
the  custom-house  records : 

Amonnt  of  revenue  collected  at  the  port  of  Apalacbicola,  Fla.,  during  the  fiscal 
jear  ending  June  30,  1880,  |292.50.     Marine-hospital  dues  c<)llected,  1892.81. 

VesseU.      Tobs. 
CoaMtwide  arrivals... 24        6,265 


Amerieau,  from  foreign  countries 6        2,270 

Foreign,  from  foreign  countries ~.; 1  465 

:n        9, 000 

Coastwise  clearances IW        7,774 

Aoicrican  v^-Hsels  fn>ni  foreign  countries '. 4  9Vi 

37        8, 687 
Ve»*Ht'!s  i»wiied  in  this  district,  27  ;  1,459  tons. 

An  appropriation  of  $90,000  is  asked  for  fiscal  year  ending  June  30, 
1882. 

ThiM  work  is  in  the  collection  district  of  Apalachicola,  Fla.,  and  Apalachicola  is  the 
port  of  entry. 

Money  statement 

AjDouut  appropriated  bv  act  approved  June  14, 1880 $10,000  00 

July  1,  IJ**),  amount  available 10,000  00 

Amount  ( estimated)  required  for  completion  of  existing  project 90, 000  00 

Amount  that'Can  be  protitably  expended  in  fiscal  year  ending  June  30, 1882.     90, 000  00 


K  8. 

IMPROVING  TAMPA  BAY,  FRORIDA— DEEPENING  THE  BAR  AND  CHANNEL 

FROM  THE  BAR  TO  THE  TOWN  OF  TAMPA. 

The  examination  for  this  improvement  was  provided  for  by  act  of 
Congress  approved  Jnne  18,  1878.  It  was  made  from  Egmont  Key,  at 
the  entrance  to  Tampa  Bay,  to  the  wharves  at  Tampa  in  the  Hillsbor- 
ough Kiver.  The  report?  upon  it  is  contained  in  the  Annual  Report  of 
the  Chief  of  Engineers  for  1879,  pp.  870  to  873. 

The  project  adopted  is  to  deepen  the  present  or  old  channel  by  dre<lg- 
ing  to  9  feet,  with  a  width  of  200  feet  in  the  river  and  150  feet  in  the 
bay,  from  Ballast  Point  to  Tampa. 

The  first  appropriation,  $10,000,  was  made  by  act  of  Congress  ap- 
proved June  14,  1880.  It  is  proposed  to  expend  this  amount  in  dredg- 
ing, ae<?orcl iug  to  the  Above  pJan,  by  contract. 
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It  is  proposed  to  expeud  the  amount  asked  for  in  continuing  work 
according  to  the  plan.  The  improvement  would  not  probably  be  perma- 
nent. It  is  not  possible  to  estimate  the  cost  of  keeping  the  improve- 
ment when  once  effected,  but  probably  a  small  amount  compared  with 
original  cost  of  work  will  be  required. 

The  value  of  the  commerce  to  be  benefited  is  given  by  merchants  of 
Tampa  at  $500,000.  Tonnage  of  vessels  entering  the  port,  2,500.  Num- 
ber of  cattle  shipped  from  Tampa  to  Cuba,  15,000. 

This  work  is  in  the  collection  district  of  Cedar  Keys,  Fla.,  and  Cedar  Keys,  Fla.,  is 
the  nearest  port  of  entry. 

An  appropriation  of  $87,000  is  asked  for  fiscal  year  ending  June  30, 
1882. 

Money  statement 

Amonnt  appropriated  by  act  approved  June  14,  1880 $10, 000  00 

July  1,  1880,  amount  available 10,000  OO 

Amonnt  (estimat-ed)  required  for  completion  of  existing  project 87, 002  00 

Amount  that  can  be  profitably  expended  in  fiscal  year  ending  June  30,  XQ^Z.  87, 000  00 


K  g. 

IMPROVEMENT  OF  SUWANEE  RIVER,  FLORIDA. 

The  examination  of  this  work  was  provided  for  by  act  of  CongresH 
approved  Jane  18,  1878,  and  was  made  from  its  mouth  to  the  bridge  of 
the  Jacksonville,  Pensacola  and  Mobile  Eailroad,  just  below  the  mouth 
of  the  Withlacoochee  River,  near  Ellaville,  Florida.  The  report  was 
made  August  26, 1879,  and  is  contained  in  the  Annual  Report  of  the  Chief 
of  Engineers  for  1879,  pp.  857  to  863. 

The  plan  adopted  was  to  dredge  a  channel  through  the  bars  at  East 
and  West  Passes,  5  feet  deep  and  of  suilicient  width  for  the  vessels  em- 
ployed in  the  commerce  of  that  locality ;  to  remove  the  snags,  and  im- 
prove the  shoals  in  the  river,  so  as  to  give  a  depth  of  5  feet  as  high  up 
as  Roland's  Bluff,  and  from  there  to  Ellaville  of  4  feet. 

The  first  appropriation  for  the  work,  $5,000,  was  made  by  act  of  Con- 
gress approved  June  14, 1880,  which  amount  it  is  proposed  to  expend  in 
dredging  through  the  bar  at  East  Pass,  by  contract,  according  to  the 
adopted  plan,  as  far  as  the  appropriation  will  admit. 

It  is  proposed  to  expend  the  amount  asked  for  in  continuing  the  work 
according  to  the  plan.  It  is  not  thought  the  improvement  will  be  per- 
manent, but  that  a  small  amount  of  dredging  will  be  required  from  time 
to  time.  The  commerce  to  be  benefited  is  principally  in  pine,  cypress, 
and  cedar  timber,  2,000,000  feet  of  which  were  shipped  last  year.  Cot- 
ton, sirup,  and  other  farm  x>roducts  in  limited  quantity  are  also  annually 
shipped,  chiefly  to  Cedar  Keys,  from  points  on  the  Suwanee  River. 

This  work  is  situated  in  the  collection  district  of  Saint  Mark's,  Fla.,  and  Cedar  Keys 
is  tlie  port  of  entry.  • 

An  appropriation  of  $50,000  is  asked  for  fiscal  year  ending  June  30,  ldd'2. 

Money  statement. 

Amount  appropriated  by  act  approved  June  14,  1880 ^5. 000  00 

July  1,  1880,  amount  available 5,000  00 

Amount  (estimated)  required  for  completion  of  existing  project 50. 158  00 

Amonnt  that  can  be  profitably  expended  in  fiscal  year  ending  June  30, 188*2.  50, 000  00 
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K  10. 

IMPROVEMENT  OF  CHOCTAWHATCHEE  RIVER,  ALABAMA  AND  FLORIDA. 

The  examination  of  this  river  was  made  under  authority  of  an  act  of 
Cougre88  approved  March  3,  1871,  from -its  mouth  to  Geneva,  in  the 
winter  of  1871-'72,  The  reix)rt  was  submitted  April  <),  1872,  and  is  con- 
tained in  the  annual  report  of  the  Chief  of  Engineers  for  that  year. 

The  project  adopted  for  this  improvement  was  to  remove  such  ob- 
structions as  rendered  the  navigation  of  the  river  difficult  and  danger- 
ous for  the  amount  of  trade  on  the  river  at  that  time. 

The  eHtiinate<l  cost  of  carry ingr  ont  the  project  was $34. 3^12  00 

The  amoiiuts  appropriate  have  been  as  follows  : 

By  a4i  of  Congress  appi-ove<l  June  *23, 1874 $5, 000  00 

By  act  of  Congress  approved  March  3,  ld75   5, 000  00 

By  act  of  Congress  approved  August  14, 1876 5, 000  00 

By  act  of  Congress  approved  March  3, 1879 5, 000  Oo 

By  act  of  Congress  approved  June  14, 1880 7, 000  00 

ii7, 000  OO 

7,332  00 

Tlie  work  accomplished  under  these  appropriations  up  to  the  end  of 
the  tiscid  year  ending  June  30,  1879,  was  as  follows: 

The  river  was  cleared  of  snags  and  overhanging  trees  from  its  mouth 
about  1(K)  miles  up.  Several  sand  and  gravel  bars  were  removed,  and 
a  channel  30  feet  wide,  3  feet  deep  at  mean  Jo w- water,  and  150  feet  long 
was  cut  through  a  rock  shoal  about  1  mile  above  Cerro  Gordo,  or  Hewitt's 
Bluff. 

During  the  fiscal  year  ending  June  30,  1880,  about  20  miles  more  of 
the  river  were  cleared  of  snags  and  overhanging  trees.  Three  months' 
time  was  consumed  in  removing  snags  and  other  obstructions  to  navi- 
gation which  had  accumulated  in  that  portion  of  the  river  previously 
worked,  as  a  result  of  one  of  the  highest  freshets  known  on  this  river, 
which  occurred  in  October,  1879. 

A  cut-off  was  opened  by  the  removal  of  snags,  stumps,  and  overhang- 
ing trees,  giving  a  channel  CO  feet  wide  an<l  7  feet  deej).  to  enable  boats 
to  avoid  the  ol^tructions  caused  by  the  wreck  of  the  steamer  eighth  of 
January,  the  removal  of  which  was  prevented  b}'  too  high  a  stage  of 
water. 

Buzzanl  Bar  Cut  off,  15  miles  below  Geneva,  was  also  cleared  out 
thoroughly  in  the  same  manner,  giving  a  good  navigable  channel,  with 
irom  3  feet  to  0  feet  where  there  was  formerly  from  14  inches  to  2  feet, 
and  which  is  still  deepening. 

The  greater  portion  of  the  wreck  of  the  steamer  Boston,  including 
upper  deck,  side  next  to  the  channel,  shaft,  cranks,  flanges,  cylinders, 
engine-beds,  and  other  i)arts  of  the  machinery,  was  removed  and  placed 
upon  the  bank  opposite.  The  part  not  removed  is  far  enough  below 
the  lowest  stage  of  water  not  to  interfere  with  navigation. 

Five  hundred  and  forty-six  snags,  stumps,  and  logs,  5,247  overhanging 
and  submerged  trees,  22  cubic  yards  of  sand,  and  the  upper  works  and 
machinery  of  the  steamer  Boston  were  removed  during  the  year  in  the 
above  improvement.  About  120  miles  of  the  river,  from  the  mouth  up, 
has  now  been  improved,  giving  a  comparatively  safe  channel  with  a 
depth  of  4  feet  at  all  stages  of  the  river. 

With  the  appropriation  ma<le  by  act  of  Congress  approved  June  14, 
1880,  it  is  proposed  to  remove  snags,  stumps,  and  overhanging  and  sub- 
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merged  trees  from  that  portion  of  the  river  between  Buzzard  ] 
Half  Moon  Bluff,  and  to  cut  a  channel  3  feet  deep  and  50  ft 
through  the  rock  shoal  about  4  miles  below  Geneva.  It  is  proj 
apply  the  appropriation  asked  for  to  completing  the  improveni 
cording  to  the  adopted  plan,  and  to  extending  the  improvenieai 
Geneva  toward  Newton  as  far  as  possible,  according  to  the  pi 
posed  in  the  report  upon  that  portion  of  the  river  submitted  M 
1880.  . 

The  cost  of  improving  that  portion  of  the  river  below  Geneva  i 
€eed  the  original  estimate  about  $10,000,  the  explanation  of  wl 
as  follows :  The  original  estimate  was  based  upon  the  suppositic 
the  work  would  be  pushed  through  in  a  year  or  two  at  most,  w, 
the  appropriations  as  made  have  already  extended  the  work  six 
requiring  the  expenditure  of  a  large  percentage  of  each  appropr 
since  the  first,  to  clear  the  portion  of  the  river  previously  woFj 
snags  and  other  obstructions  which  annually  form  in  the  river. 

A  great  deal  of  work  has  also  been  done  not  contemplated  I 
original  estimate,  which  assumed  a  depth  of  7  feet  way  through, ' 
was  not  found  to  exist,  and  which  only  estimated  for  an  improve 
for  the  trade  on  the  river  at  that  time,  whereas  the  increase  sino 
required  a  more  complete  improvement. 

There  is  no  doubt,  in  fact,  that  more  work  has  been  already  done 
the  river  is  now  in  better  condition,  than  was  contemplated  by  the  r\ 
upon  which  the  estimate  was  based. 

The  improvement  of  this  river  will  not  be  permanent  in  its  charfl 
but  will  require  an  expenditure  of  about  $2,000  each  year  to  keep 
good  order. 

Since  the  improvement  of  the  river  began,  and  iirobably  in  a  g 
measure  owing  to  its  partially  improved  condition,  there  has  bei 
marked  increase  in  the  commerce  carried  on  between  points  on  the  i 
and  Pensacola. 

As  to  the  amount  of  commerce  to  be  benefited  by  this  improvemi 
it  is  reported  that  there  are  now  25,000,000  cubic  feet  of  timber  anna 
transported  down  the  river,  and  miscellaneous  stores,  cotton,  and  gr, 
up  and  down,  probably  of  nearly  equal  value. 

This  work  is  situated  in  the  collection  district  of  Pensacola,  Fla.,  and  Pensacol 
the  port  of  entry. 
Revenue  collected  duriug  fiscal  year  ending  June  30,  1880,  ^67,:t5r).7y. 

Money  statement. 

July  1,  1879,  amount  available $.'>,  14^  87 

Amount  appropriated  bv  act  approved  June  14,  18KJ 7,  (M)*)  00 

$\2,  MS 

July  1,  18S0,  amount  expended  during  fi.scal  year 4, 101 

Jnly  1.  18"'0,  amount  available 8,047 


Amount  (estimated)  required  for  completion  of  existing  i»roJect 96, 5<^> 

Amount  that  can  be  prohtably  expended  in  fiscal  year  ending  June  :W,  1882.     20, 000 
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EX.1311  NATION     OF     CHOCTAWHATCHEE     FROM     GENEVA    TO     NEWTON, 

ALABAMA. 

Office  of  United  States  Engineer, 

Mobile^  Ala.,  March  3,  1880. 

Sir:  I  have  the  houor  to  submit  the  following  report  upon  the  exani- 
ioation  of  Choctaw hatchee  River  from  Geneva  to  Newton,  Ala.,  author- 
izwl  by  act  of  Congress  approved  March  3,  1879: 

After  completion  of  the  field  work  on  Pea  Kiver  the  examination  of 
tills  portion  of  the  Choctawhatchee  was  commenced  at  Newton,  Ala., 
and  continued  to  Geneva,  Ala.,  a  distance  of  about  40  miles  by  river. 
The  river  for  about  10  miles  below  Newton  runs  over  a  series  of  rock 
shoals,  then  for  about  20  miles  through  a  low,  swampy  country,  and  is 
made  impassable  by  the  accumulation  of  snags  ancl  drift-logs.  For 
the  remaining  10  miles  the  river  is  nearly  free  from  obstructions  until 
the  rock  shoal  near  Geneva,  about  half  a  mile  long,  is  reached.  To  im- 
prove this  section  of  the  river  (from  Newton  to  Geneva)  for  navigation 
by  light  draught  boats  during  the  season  of  high-water,  lasting  about  six 
months  during  each  year,  l^sides  the  removal  of  snags  and  logs,  the 
ionstmction  of  three  locks  and  dams  would  be  necessary.  The  cost  of 
tlie  whole  improvement  is  estimated  at  $78,500. 

The  probable  commerce  to  be  benefited  by  this  improvement  being 
comparatively  small,  and  naturally  passing  over  the  lower  portion  of 
the  river  to  reach  a  market,  I  would  respectfully  recommend  that  it  be 
deferred  until  that  of  the  river  below  Geneva  is  completed. 

The  rei>ort  of  Mr.  Haines,  assistant  engineer  in  charge  of  the  exam- 
inadoD,  and  a  tracing  of  index  map  are  herewith  transmitted  for  de- 
tailed information. 

Ke8i>ectfully  submitted. 

A.  N.  Damrell, 

Captain  of  Engineers, 

The  Chief  of  Engineers,  U.  S.  A. 


RKPORT   OF   MR.    HIRAM    HAINE8,    ASSISTANT   ENGINEER. 

Mobile,  Ala.,  October  18,  1879. 

8ir:  I  have  the  honor  to  submit  the  following  report  of  my  examination  of  the 
rhiKTtawba^cliee  River,  from  Newton  to  its  confluence  with  Pea  River  at  Geneva, 
Ala. 

The  leni^th  of  the  river  from  Newton  to  its  junction  with  the  Pea  River  is  about  40 
mil«^.  In  the  first  10  miles  of  the  dewcent,  or  to  the  mouth  of  Little  Choctawhatchee 
Cre^k,  the  olxitructions  consist  chiefly  of  rock  shoals  and  tish-trap  dams,  comparatively 
f«w  fal]eu  trees  and  snags  being  observed.  Tlie  following  20  miles  the  river  runs 
throa^h  a  low,  swampy  country  ;  numerous  cut-ott*s  occur,  dividing  and  withdrawing 
fn>m  the  volume  of  the  main  stream,  which  becomes  tortuous,  vshallow,  and  often  so 
nlleti  with  8nag8  and  drift  as  to  be  impai^able.  In  the  remaining  10  miles  but  few 
(»lH»tnictioD.s  of  any  kind  occur,  the  shoal  commencing  just  below  the  mouth  of 
iMuble  Brid«5e  Creek  and  extending  for  nearly  half  a  mile,  and  within  a  few  hundre<l 
fo-t  *yf  the  mouth  of  Pea  River,  being  the  most  extensive  and  formidable. 

The  following  is  an  estimate  of  the  cost  of  imi»roving  the  Choctawhatchee  River 
from  Xewton  to  Pea  River  to  render  it  navigable  for  barges  and  small  steamboats  for 
■Hx  luonthH  of  the  year : 

VoT  thf  coii8tnietion  of  three  dams  and  locks  of  crib-work  for  overcoming 
the  shoals  and  falls  between  Newton  and  the  moutli  of  Choctawhatchee 

Creek,  at  SI 5, 000  each .; !|45,000  00 

For  reni'»viu^  Huags,  fallen  trees,  and  tish-traps  iuitlie  first  10  miles 3,000  0<> 

Ditto  ut^xt  2*>  miles 10,000  00 

Dirr^inext  lO  miles 2,000  00 

.,U"-.'.f 7,00000 


'n 


67,000  00 


f 
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5(K)  linenr  feet  dike,  at  $5 , 2,500  0<> 

501)  li Ilea r  feet  biusb  darn,  at  |3 1 ,  nou  00 

Dreclj^iiij;  and  rectification  of  channel 7,r)00  0(1 

78, 500  00 

Tlie  same  remarks  in  regard  to  agricnltnral  productions  and  the  improvement  neces- 
sary apply  to  this  river  as  to  the  Pea  River.  I  consider  the  construction  of  the  dams 
and  locks  inadvisable  at  the  present  time.  There  are  from  1,500  to  2,000  bales  of 
cotton  sold  annually  in  Newton,  which  would  probably  represent  the  amount  of  thi» 
product  tlmt  would  seek  transportation  down  the  Choctaw  hatches  were  it  imjiroved. 
The  liold  notes  give  in  detail  tne  observations  made  in  the  examination. 
Very  respectfully,  your  obedient  servant, 

Hiram  Haines, 
Atffhtant  Engineer, 
Bvt.  Muj.  A.  N.  Damrell, 

Vapt.j  Corps  of  Engineers,  V.  S.  A. 


K  II. 

IMPROVEMENT  OF  ESCA^IBIA  RIVER,  ALABAMA  AND  FLORIDA. 

-All  examination  and  partial  survey  of  this  river  was  made  under 
authority  of  act  of  Congress  approved  June  18, 1878,  from  the  Alabama 
and  Florida  State  line  to  its  mouth. 

The  report  on  the  same  is  contained  in  Annual  Report  of  the  Chief  of 
Engineers  for  1879,  pp.  852  and  856. 

The  plan  adopted  for  the  improvement  was  to  dredge  a  channel  through 
the  bar  at  the  mouth  of  the  river,  150  feet  wide  and  5.J  feet  deep  at 
mean  low-water,  remove  the  snags  and  overhanging  trees  the  whole 
length  of  the  river,  and  construct  a  few  dams  and  wing-dams  where  the 
channel  is  divided  or  much  widened,  and  shore  protection  where  the 
banks  show  an  inclination  to  wash  and  cave. 

The  first  appropriation  for  this  work,  $8,000,  was  made  by  act  of  Con- 
gress approved  June  14,  1880. 

It  is  proposed  to  use  this  amount  in  the  dredging  mentioned  above 
by  contract,  if  reasonable  bids  can  be  obtained.  It  is  proposed  to  use 
the  amount  asked  for  in  continuing  dredging  and  carrying  on  the  other 
work  specified  in  the  plan.  The  work  w^ould  not  be  permanent  in  its 
character,  but  would  require  more  or  less  dredging  and  snagging  from 
year  to  year. 

The  commerce  to  be  benefited  is  confined  to  lumber,  about  5,000,0(K) 
feet  of  which,  including  hewn  and  sawed,  are  annually  transported  down 
the  river. 

This  work  is  situated  in  the  collection  district  of  Pensacola,  Fla.,  and  Pensacola  !« 
the  port  of  entry. 

An  appropriation  of  $17,000  is  asked  for  fiscal  year  ending  June  30, 

Money  Htateinent. 


o82. 


Amount  appropri*ated  bj*  act  approved  June  14,  1880 |H,  000  00 

July  1,  18v-0,  amount  available 8,000  00 

Amount  (estimated)  required  for  completion  of  existing  project 17, 000  (K) 

Amount  that  can  be  profitably  expended  in  fiscal  year  ending  June  30, 1882.  17,000  00 
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K   12. 

IMPROVEMENT  OF  ALABAMA  RIVER,  ALABAMA. 

The  examination  and  partial  survey  of  this  river  was  provided  for  by- 
act  of  Congress  approved  March  3,  1875.  It  was  made  during  the 
months  of  July  to  October,  1875. 

The  report  was  made  on  the  8th  of  March,  1876,  and  is  contained  in 
the  Annual  Report  of  the  Chief  of  Engineers  for  1876.  The  project 
adopted  was  to  obtain  a  channel  200  feet  wide  and  4  feet  deep  at  low- 
water. 

The  ^timated  cost  was 1229,741 

The  appropriations  made  for  the  work  are  as  follows  : 

By  act  of  Congress  approved  June  18,  1878 |2r>.  000 

By  ai't  of  Congress  approved  March  3, 1879 30,000 

Bv  act  of  Congress  approved  June  14,  1H80 2,*,  000 

80,000 


149, 741 

Work  upon  this  improvement  was  commenced  in  the  fiscal  year  end- 
ing June  30, 1879. 

The  work  accomplished  during  that  year  was  the  closing  of  the  cut- 
off about  25  miles  above  the  mouth  by  a  brush  and  stone  dam,  which, 
however,  was  not  quite  completed,  and  the  removal  of  320  snags,  clear- 
ing the  river  for  about  50  miles  from  its  mouth.    During  the  year 
ending  June  30,  1880,  the  dam  across  the  cut-off  was  completed.    Its 
length  is  1,125  feet  and  height  from  8  to  18  feet,  width  on  top  of  20 
feet ;  about  150  tons  of  stone,  obtained  60  miles  up  the  river,  were  used 
in  capping  the  central  i)ortion.     A  wing-dam  350  feet  long  was  ex- 
tended from  the  dam  into  the  river  to  prevent  scour  along  its  base,  and 
also  to  concentrate  the  current  so  as  to  scour  out  a  channel  through  the 
bar  in  the  river  below.    The  dam  at  the  last  examination  was  reported 
tight,  and  5  feet  depth  at  low- water  on  the  bar  in  the  river  below.    At 
Haynes'  Island,  94  miles  higher  up,  20  miles  above  Claiborne,  3  chutes 
were  closed  by  brush  dams,  2  wing-dams  were  built,  and  all  snags  re- 
moved   from  tlie  channel ;   2,482  linear  feet  of  dams  and  wing-dams 
were  required  at  this  point,  and  the  channel  was  deepened  by  them 
from  2^  feet  to  4  feet  at  low-water.    At  firwin's  Bar,  115  miles  above 
Mobile,  2,400  piles  were  collected ;  but  a  rise  in  the  river  prevented  the 
proi^?ciitioii  of  the  work.     At  Hobbs'  Bar,  the  left-hand  chute  was 
closed  by*  a  stone  'lam  (pierre  perdue)  435  feet  long  and  6  feet  high. 
There  were  useil  in  its  construction  600  cubic  yards  of  rock  and  800 
cubic  yards  of  gravel.    The  depth  of  the  bar  in  the  main  channel  was 
deei>eiied   from  3  feet  to  4  feet.    At  Yellow  Jacket  Bar  the  right-hand 
chate  'was  partially  closed,  600  cubic  yards  of  rock  being  placed  in  po- 
sition.     At  Gardner's  Island,  16  miles  above  Selma,  and  one  of  the 
worst   places  on  the  river,  snags  were  removed  and  niattresses  of  cane 
and  piles  were  collected  and  prepared  for  closing  the  left-hand  chute. 

Four  hundred  and  ninety  snags  were  removed  from  the  river  during 
the  season. 

From  December  7,  1879,  to  May  17,  ISSO,  work  was  stopped  on  the 
river  by  high-water,  during  which  time  the  boats  were  docked,  calked, 
repaired  1,  and  put  in  good  order. 
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The  following  table  shows  the  amount  and  character  of  work  accom- 
plished from  the  commencement  to  the  end  of  the  fiscal  year  ending 
June  30,  1880: 
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It  is  proposed  to  use  the  funds  available  during  the  coming  fiscal 
year — 

1st.  To  complete  the  improvements  at  Erwin's,  Yellow  Jacket,  and 
Gardner's  Island. 

2d.  To  remove  snags  and  sunken  logs  from  the  channel  as  high  up  as 
Montgomery. 

3d.  To  survey  as  many  bars  as  opportunity'  permits.  (This  work  is 
quite  essential,  because  out  of  77  bars  reported  in  the  survey  of  1870 
as  requiring  other  work  than  snagging  only  7  were  surveyed  and 
mapped.) 

4th.  To  improve  such  bars  as  surveys  or  information  from  pilots  may 
indicate  as  being  most  troublesome  to  navigation.  The  stage  of  water 
in  the  river  from  time  to  time,  and  other  circumstances  that  cannot  be 
foreseen,  make  it  impracticable  to  particularize  more  definitely  a  scheme 
of  operations  for  the  ensuing  year. 

The  appropriation  asked  for  for  the  fiscal  year  ending  June  30,  1862, 
it  is  proposed  to  expend  in  continuing  and  perfecting  the  work  of  im- 
provement on  the  plan  recommended  ui  the  annual  report  for  1870  as  now 
partially  carried  out.  As  far  as  practicable,  it  is  designed  to  remove 
obstacles  and  improve  bars  in  the  order  of  their  importance,  such  a 
course  being  most  acceptable  to  steamboatmen. 

The  amount  required  for  the  completion  of  the  work  as  designed,  ex- 
clusive of  former  appropriations  ($80,000),  is  estimated  at  $150,000.  Of 
this  amount,  $60,000  can  be  profitably  used  during  the  fiscal  year  ending 
June  30,  1882. 

The  work  when  completed  will  not  be  permanent,  but  it  will  require 
yearly  removal  of  snags,  for  executing  which  a  suitable  steamboat  work- 
ing five  months  in  each  year  at  an  annual  cost  of  $S,000,  will  probably 
be  sufficient. 

The  results  effected  by  the  work  already  done  are,  increased  safety  to 
navigation  from  the  removal  of  dangerous  logs;  greater  regularity  with 
less  time  consumed  in  making  trips  during  low-water ;  the  boats  now  run 
all  night,  where  they  were  obliged  formerly  to  tie  up,  and  greater  loads 
are  carried  in  consequence  of  deepening  the  water  over  the  worst  bars. 
Between  the  cut-off  and  tlie  mouth — 20  miles— the  people  were  deprived 
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of  river  facilities  during  low- water,  as  the  boats  were  then  compelled  to 
[ia8S  through  the  cut-off  into  the  Tombigbee.  Now  that  part  of  the  river 
j-i  navigable  at  all  times,  and  the  serious  inconvenience  heretofore  expe- 
rienced by  the  planters  there,  from  their  interrupted  communications^ 
has  been  done  away  with.  The  completion  of  this  work  will  greatly 
eitepd  and  add  to  the  benefits  already  felt  from  its  prosecution. 

The  increase  in  the  business  that  will  result  cannot  be  definitely  stated, 
bat  on  general  principles  it  is  evident  that  when  the  Alabama  with  a 
low-water  volume  exceeding  that  of  the  Ohio,  shall  be  opened  to  safe 
aod  uninterrupted  navigation,  the  augmented  facilities  for  transporta- 
tion, with  its  lessened  cost,  will  greatly  stimulate  both  traffic  and  travel 
on  the  river.  New  branches  of  trade  and  diversified  agricultural  pur- 
suits will  be  encouraged,  and  when  the  improvements  now  in  progress 
on  the  Coosa  are  completed  the  mineral  resources  of  that  region  will  be 
largely  developed  in  consequence  of  the  cheap  and  easy  ouflet  afforded 
by  the  improved  Alabama.  Forty-six  thousand  seven  hundred  and 
rwrenty-three  bales  of  cotton  and  other  merchandise  of  equal  value  were 
transported  up  and  down  the  river  during  the  year. 

The  "wrork  is  situated  in  the  collection  districc  of  Mobile,  and  commences  50  miles 
aliove  that  jiort  of  entry. 
The  amount  of  revenue  collected  at  Mobile  during  the  past  fiscal  year  was  |63,946.09. 

Money  statement, 

July  1,  1??79,  amount  available |33,312,:^2 

Asiouiit  appitipriated  by  act  approved  June  14,  1880 25, 000  00 

$58, 312  32 

JqIv  1,  1880,  amount  expended  durin<j;  fiscal  year 17,770  < >^ 

July  1,  18^*0,  amount  available 40,542  ^4 

Amount  (estimated)  re<|uired  for  completion  of  existing  project 149, 741  00 

Amount  that  i:au  be  .profitably  exp*Mule<l  in  fiscal  year  ending  June  30, 1>?B2.     80, 000  00 


K13. 

IMPR0VEMP:NT   of  warrior  and  tombigbee  rivers,  ALABAMA   AND 

MISSISSIPPI. 

I. — BLACK  WAERIOR  RIVER. 

The  survey  of  this  river  was  made,  in  compliance  with  provisions  of 
the  river  and  harbor  act  of  June  23,  1874,  from  its  mouth  to  Locust 
Fork,  from  August  to  November,  1874.  The  report  upon  it  was  submit- 
ted January  27, 1875,  and  forms  a  part,  of  the  Annual  Eeport  of  the  Chief 
of  Bn^neers  for  that  year. 

The  project  adopted  was  to  so  improve  the  river  as  to  give  a  channel, 
•M)  feet  wide  and  4  feet  deep  at  low- water,  from  the  mouth  up  to  Tusca- 
loosa, Ala.,  by  the  removal  of  snags,  overhanging  trees,  and  deepening 
bars  by  the  construction  of  dams,  wing-dams,  dredging,  and  blasting; 
the  estimated  cost  of  which  was  $151,103. 

Work  was  commenced  on  this  improvement  in  July,  1875,  and  was 
eoDtinaecl  during  low-water  until  September,  1879,  under  the  following 
appropriations : 

By  act  of  March  3,  lt<75,  $25,000  for  the  Bhu'k  Warrior  below  Tuscaloosa,  and  Tom- 
btebee  below  i:)emopoU8. 
By  act  of  August  14,  I'^'TC,  $15,00l>  for  the  improvement  of  the  Warrior  and  Tom- 
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« 

By  act  of  June  18,  1878.  $40,000,  $28,000  ou  the  Warrior  and  Tombigbee,  $12,000 
on  Tombigbee  above  Columbus,  Miss. 

By  act  of  March  3,  1879,  $30,000,  of  which  sum  $10,000  shall  be  expended  on  the 
Tombiglice  above  Columbus,  and  $20,000  ou  the  Warrior  and  Tombigbee  oelow  Col  urn- 
bus   I^iss 

By  act  of  June  14, 1880,  $47,000,  of  which  $20,000  shall  be  expended  on  the  Warrior, 
$12,000  on  the  Tombigbee  between  Columbus  and  Vienna,  and  $15,000  on  Tombig- 
bee below  Vienna. 

Of  this  amoant  $1(>2,213.04  has  been  expended  on  the  Warrior  below 
TuHcalcK)sa,  and  the  Tombigbee  from  Cohimbue  to  the  mouth. 

The  work  done  up  to  June  30, 1879,  on  the  Warrior  below  Tuscaloosa 
is  as  follows : 

Number  of  bars  improved  to  the  projected  depth  and  width  30  (former  depth  from 
lito2ifeet). 

Number  of  bars  improved  but  needing  additional  work  to  remove  shoaLs  found  be- 
low, 8  (foiiner  depth  1^  to  2|  feet,  present  depth  2^  feet). 

Number  of  logs  removed,  3,IU1. 

Number  of  trees  cut,  2,925. 

Linear  feet  of  dams  and  wing-dams  built,  16,077. 

Linear  feet  of  bank  protection,  1,281. 

The  boats  and  outfit  built  and  purchased  have  absorbed  the  remaiu- 
der  of  the  amount  expended.  No  work  wa.s  done  on  this  improvement 
-durring  the  last  fiscal  year,  for  the  reason  that  complaints  having 
been  made  that  all  the  funds  were  being  expended  on  the  Warrior 
below  Tuscaloosa,  and  Tombigbee  below  Columbus  (which,  however,  the 
appropriations  up  to  that  time  apparently  implied  as  the  locality  for 
the  work  provided  for),  by  authority  of  the  Chief  of  Engineers  the 
working  force  was  transferi'ed  from  the  Warrior  to  the  Tombigbee,  and 
the  balance  of  the  funds  retained  to  equalize  as  far  as  possible  the  ex- 
penditures on  both  rivers. 

The  improvement  already  effected  has  given  4  feet  depth  of  water  on 
many  bars  formerly  impassable  at  low- water,  and  established  the  fnH 
that  this  depth  can  be  secured  up  to  Tuscaloosa. 

The  bars  on  the  lower  part  of  the  river  not  yet  having  been  imi)rored, 
prevents  the  full  benefit  from  the  improvement  above,  and  gives  only  2 J 
feet  as  the  low-water  depth  throughout.  This  allows  boats  to  run  through 
to  Tuscaloosa  on  a  2-foot  rise,  when  formerly  they  were  stopped  at  Log. 
iShoals,  70  miles  below.  Light-draught  boats  also  make  trips  to  Candy's 
Landing,  25  miles  above  Demopolis,  at  all  times,  which  wa,s  formerly 
impracticable. 

The  actual  working  time  on  this  river  was  eighteen  months. 

To  complete  the  improvement  will  require  more  or  less  work  on  about 
50  bars,  slight  alteration  and  repairs  to  work  already  done,  and  the  clear- 
ing of  the  river,  its  full  length,  of  snags  and  overhanging  trees  which 
have  accumulated  since  the  work  was  susi>ended. 

The  work  done  upon  this  river  will  need  annual  revision.  Slides  are 
of  quite  common  occurrence,  which  throw  ti^es  into  the  river  and  form 
obstructions.  From  two  to  three  months'  work  of  a  steam  snag- boat  will 
be  required  every  year  to  keep  the  channel  clear  and  the  work  in  efficient 
condition.  An  average  annual  expenditure  of  $3,000  will  doubtless  be 
sufficient  for  this  purpose. 

When  the  improvement  is  finished  and  navigation  to  Tuscaloosa  made 
easy  throughout  the  year,  the  immediate  result  will  be  an  annual  saving 
in  cotton  transportation,  during  the  months  of  September,  October,  and 
November,  of  $1.50  per  bale  on  about  15.(M)0  bales,  amounting  to  $22,500. 
The  saving  on  return  freights  will  raise  this  amount  to  over  $30,0(K).  At 
2>resent,  during  the  above-named  months,  rail  tnmsportation  monopo- 
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Iiz€8  the  bnsiness,  wiUi  a  charge  of  $2.50  per  bale.  When  the  business 
b  competed  for  by  both  rail  and  river  the  rates  are  redaced  to  $1  per 
Ittle,  and  often  less.  The  main  increase  in  business  that  will  result  ^m 
the  completion  of  the  Warrior  Eiver  improvement  will  be  in  the  trans- 
portation of  coal  from  Tuscaloosa,  which,  with  navigation  made  praeti- 
cable  for  barges,  will  undoubtedly  become  extensive  and  of  great  im- 
Iiortance. 

It  is  propased  to  use  the  funds  available  for  expenditure  during  the 
&M*al  year  ending  June  30, 1881,  in  thoroughly  cleaning  the  river  of  logs 
below  Tuscaloosa,  in  improving  the  shallowest  bars  from  Demopolis  to 
£as^K>rt,  a  distance  of  50  miles,  and  in  providing  the  outfit  needed  for 
this  work. 

The  appropriation  asked  for  for  the  fiscal  year  ending  June  30,  1882, 
would  probably  be  si)ent  in  continuing  the  improvement  below  Eastport, 
and  in  finishing  the  improvement  above  Finch's  Ferry. 

Number  of  bales  of  cotton  transported  down  this  river  during  fiscal 
rear  ending  June  30, 1880,  15,415. 

Thifi  work  is  situated  in  the  collection  district  of  Mobile,  Ala.,  and  Mobile  Is  the 
port  of  entry. 
Reveuue  collected  during  fiscal  year  ending  June  JO,  1880,  $(63,946.09. 

II. — TOMBIGBEE  RIVEK. 

The  examination  of  this  river,  which  was  provided  for  by  act  of  July 
IJ,  1870,  Ma«  made  December,  1870,  to  March,  1871,  from  Columbus, 
Miss.,  to  its  mouth.  The  rei>ort  being  'unfavorable  and  unsatisfactory, 
a  re-examination,  from  Jones's  Bluff,  49  miles  above  Demopolis,  to  the 
lower  end,  was  made  soon  after,  in  connection  with  other  works,  and  re- 
IM>rted  upon  April  17, 1871. 

The  project  was  adopted  in  1871,  and  contemplated  the  removal  of 
bua,^  at  Slater's  Kocks,  152  miles  above  Mobile,  and  at  Ten-Mile  Shoals, 
about  10  miles  below  Columbus,  Miss.  The  removal  of  a  wreck  at  Perry's 
Landingy  dredging  through  the  shoals  at  same,  127  miles,  and  at  Osage 
Bar,  155  miles  above  Mobile,  widening  the  channel  at  McGrews'  Shoal, 
122  miles  above  Mobile,  and  reconstructiug  the  wing-dams  at  Pearson's 
Sboal,  213  miles  above  Mobile.    The  estimated  CA)st  was  $21,500. 

The  first  appropriation  was  made  by  act  of  June  10,  1872,  $10,000  in 
amount.  Work  was  commencetl  in  August,  1872,  at  a  point  102  miles 
above  Mobile,  and  continued  until  the  18th  of  December,  when  a  rise  in 
the  river  compelled  a  suspension  of  operations.  At  a  point  214  miles 
above  Mobile  250  snags  were  removed  Irom  the  portion  of  the  river 
improved,  at  a  total  cost,  for  snag-boat,  outfit,  supplies,  and  labor,  of 
♦5,332.95. 

The  act  of  3Iarch  3,  1873,  directed  that  the  amount  appropriated  by 
the  former  act  should  be  expended  in  the  State  of  Mississippi.  The 
work  was  then  transferred  to  the  charge  of  Major  McFarland,  Corps  of 
Engineeirs,  U.  S.  A.  The  balance  of  the  appropriation,  $4,007.05,  was 
expended  by  that  officer  in  1873,  1874,  in  improving  that  portion  of  the 
river  between  Aberdeen  and  Bar's  Ferry  above,  by  the  removal  of 
oDags,  drift,  and  overhanging  trees. 

By  act  of  March,  1875,  $25,000  was  appropriated  for  the  improvement 
of  the  Tombigbee  below  Demopolis  and  the  Black  Warrior  below  Tusca- 
loofia  jointly.  By  act  approved  August  14,  1876,  $15,000  was  appropri- 
ated for  the  WaiTior  and  Tombigbee  together.  Bj-  act  of  June,  18, 1S7S, 
110,000  was  appropriated  for  the  Warrior  and  Tombigbee.  The  act  of 
March  3,  1879,  appropriated  $30,090,  and  specified  that  $10,000  sliovM 
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be  expended  above  Columbus  and  $20,000  on  the  Warrior  and  Tombij?- 
bee  below  Columbus.  The  act  of  June  14,  1880,  appropriated  $47,000, 
of  which  $20,000  was  to  be  expended  on  the  Warrior,  $12,000  on  the 
Tombi^bee  between  Columbus  and  Vienna,  and  $15,000  on  the  Tombig- 
,  bee  below  Vienna.  Under  these  appropriations  work  was  resumed  on 
the  Tombigbee  in  September,  1878,  and  has  been  continued  to  the  end 
of  the  fiscal  year  ending  June  30,  1880,  during  low-water,  a  total  actual 
working  time  of  ten  months.  During  the  progress  of  the  work  it  wa.s 
ascertained  that  it  was  possible  to  make  a  much  greater  improvement 
of  this  river  than  was  originally  supposed  or  proposed,  and  the  first 
project  was  modified  in  1879,  the  object  of  the  modified  project  being  to 
afford  a  channel  of  navigable  width,  and  not  less  than  4  feet  depth, 
from  the  mouth  to  Demopolis,  and  not  less  than  3  feet  depth  from  De- 
mopolis  to  Columbus,  at  an  estimated  cost  of  $170,000. 

During  the  year  ending  June  30, 1879,  Turkey  Shoal  was  improved, 
by  scraping  and  the  construction  of  wing-dams,  so  as  to  give  nearly  4 
feet  where  there  was  formerly  18  inches  of  water.  Barney's,  Sellars's, 
and  Osage  bars  were  deepened  from  2  feet  to  4  feet,  and  works  for 
deepening  Hatcheetigbee  completed.  Three  thousand  three  hundred 
and  five  linear  feet  of  wing-dams  were  built  in  these  works,  and  911 
logs  were  removed. 

During  the  year  ending  June  30,  1880,  work  was  commenced,  July  7, 
1879,  at  Peavey's;  but,  owing  to  complaints  that  a  disproportionate 
amount  of  the  appropriations  was  being  expended  below  Demopolis,  it 
was  determined  to  commence  work  above.  A  steamboat  was  chartered 
for  use  a«  a  tow-boat  and  transport,  and  on  the  7th  the  boats  left 
Peavey's.  On  the  way  up  the  river  a  flaw  in  the  boiler  was  discovered, 
and  the  boat  having  proved  otherwise  unsatisfactory,  she  was  sent  back 
to  Mobile  and  exchanged  for  another.  This  caused  delay,  and  it  was 
Mot  until  the  19th  that  the  fleet  reached  the  mouth  of  the  Warrior,  1 
mile  above  Demopolis.  At  this  point  work  was  commenced,  and  carried 
on  up  stream  for  20  miles,  ten  bars  being  surveyed  and  improved  in  that 
distance.  This  portion  of  the  river  was  found  to  be  very  shallow,  the 
bars  affording  in  some  cases  only  1^  foot  of  water,  and  the  intervals  be- 
tween bars  generally  not  exceeding  4  to  C  feet  in  depth.  These  shallow 
reaches  made  it  necessary  in  some  cases  to  extend*  parallel  jetties  con- 
siderably below  the  original  bar  in  order  to  dissipate  the  material 
scoured  out  over  a  larger  space,  and  thus  prevent  the  formation  of  run- 
bars.  Another  force  was  organized  at  Columbus,  and  commenced  work 
August  26, 1879,  at  Curtis  Island,  a  short  distance  below  Columbus,  and 
moved  down  tbe  river  to  '*  Ten-Mile  Shoals,"  partially  improving  that 
portion  of  the  river. 

On  the  23d  of  November  work  was  suspended  on  account  of  high- 
water.  The  log-boat  was  sent  to  Mobile  for  repairs  and  to  be  laid  up 
for  the  winter.  The  other  boats — part  of  the  original  outfit,  built  at 
Tuscaloosa  in  1875,  at  light  cost,  for  temporary  use — had  become  com- 
pletely unserviceable.  Being  much  decayed,  they  could  not  be  caulked, 
and  had  of  late  been  kept  afloat  with  some  difficult3^  As  they  could 
neither  be  stored  up  the  river  nor  sent  to  Mobile,  they  were,  with  one 
exception,  filled  with  rock  and  utilized  in  jetties  at  Black  Snake.  One, 
the  best  of  the  h>t,  was  started  for  Mobile  with  the  log- boat;  but  it 
sunk  during  the  first  night,  and  was  abandoned. 

On  the  Ist  of  May  the  log-boat  and  a  new  barge  were  taken  in  tow  at 
Mobile  to  be  moved  up  to  Ten-Mile  Shoals,  20  miles  below  Columbus, 
Miss.    This  place  was  reached  on  the  11th,  and  work  commenced  on  the 
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next  day.    Some  days  afterwards  a  small  quarter-boat  arrived  from 
Aberdeen,  and  by  the  end  of  the  month  a  full  force  was  organized. 

At  Ten-Mile  Shoals  (so  called  from  their  length)  the  river  meanders 
between  low  alluvial  banks  of  light  sandy  soil  that  yields  readily  to  the 
action  of  the  current.  Every  bend  is  a  caving  bank,  with  a  gravel  bar 
opposite.  As  the  banks  recede,  throwing  their  timber  into  the  stream^ 
the  gravel  bars  advance,  covering  up  the  fallen  trees,  so  that  the  river- 
bed, from  bank  to  bar,  is  choked  with  logs.  Navigation  at  low-water  is, 
of  course,  impossible,  and  boats  seldom  attempt  it  on  less  than  a  6-foot 
stage.  Shoals  appear  at  intervals,  affording  only  14  to  18  inches  of 
water.  These  occur  at  the  "  crossings ;  ^  that  is,  where  the  current  crosses 
over  from  bend  to  bend.  In  bends  the  water  is  deep,  ofren  as  much  as 
20  feet.  The  improvement  needed  is  to  remove  the  logs,  deepen  the 
shoals,  and  protect  the  caving  banks  to  make  them  permanent.  To  ac- 
complish this  last  result  the  plan  adopted  is  to  build  spurs  of  brush  and 
gravel,  secured  between  rows  of  small  piles,  from  the  top  of  the  bank 
sloping  down  to  the  water  and  extending  into  it  10  or  15  feet  It  is  gen- 
erally possible  to  select,  as  the  terminus  of  the  spur,  a  large  root  of  a 
tree  lately  fallen,  the  trunk  of  which  lies  parallel  with  the  bank.  The 
logs  removed  from  the  channel  are  placed  along  the  bank  below  the 
spurs,  with  the  expectation  that  a  deposit  will  take  place  in  the  eddies 
caused  by  the  spurs,  and  in  time  cover  the  logs.  When  a  rise  in  the 
river  occurs,  the  banks,  which  are  only  8  to  12  feet  above  low- water,  are 
soon  overflowed,  and  the  current  sweeps  through  the  swamps,  being  al- 
most destroyed  in  the  channel.  Hence,  it  is  reasonable  to  suppose  that 
the  spurs  will  prove  effective.  Up  to  this  time  nearly  1  mile  at  the 
lower  end  of  Ten-Mile  Shoals  has  been  improved  according  to  the  plan 
above  described. 

The  funds  available  during  the  fiscal  year  ending  June  30, 1881,  should 
be  used  in  completing  the  improvement  of  Ten-Mile  Shoals,  and  in  con- 
nection with  the  funds  available  for  the  Warrior,  in  building  a  steam 
snag  and  tow  boat  for  the  joint  use  of  the  Warrior  and  Tombigbee. 

The  appropriations  asked  for,  for  the  fiscal  year  ending  June  30, 1882, 
should  be  applied  to  the  completion  of  the  improvement  between  Co- 
lumbus and  Demopolis,  and  to  the  revision  and  extension  of  the  improve- 
ment below  Demopolis. 

This  improvement,  like  that  of  the  Warrior,  and  for  the  same  reasons, 
will  need  annual  revision  after  completion ;  $5,000  will  be  a  sufficient  an- 
nual appropriation  for  this  purpose.  Should  a  steam  snag-boat  be  built 
for  joint  use  of  the  improvements  on  these  rivers,  she  can  be  utilized 
aft^r  the  completion  of  the  work  in  maintaining  its  efficiency. 

The  work  thus  far  executed  on  the  Tombigbee  improvement  has 
greatly  lessened  the  dangers  of  navigation  below  Jackson,  and  has  ex- 
tended low- water  navigation,  for  light-draught  boats,  100  miles. 

The  completion  of  the  improvement,  a^s  contemplated,  will  give  an 
uninterrupted  water  communication  from  Mobile  to  Columbus,  Miss.,  a 
distance  of  416  miles.  From  60,000  to  70,000  bales  of  cotton  are  now 
annually  taken  down  this  river  during  the  winter  season. 

With  navigation  open  all  the  time,  this  amount  will  be  much  increased, 
and  general  traffic  and  travel  greatly  stimulated.  No  definite  data  are 
accessible  on  which  to  base  a  close  estimate  of  the  amount  of  business 
to  be  anticipated  with  an  improved  river.  One  result,  however,  can  be 
wnfidently  predicted.  When  a  continuously  open  river  shall  be  main- 
tained throughout  the  year,  the  competition  between  railroads  and  steam- 
boats that  i)revails  now  only  in  the  winter  and  spring,  the  saving  to  the 
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community  on  a  year's  business,  in  the  cost  of  transportation  i 
alone,  must  exceed  $100,000.  j 

The  following  tables  present  a  detailed  statement  of  the  wi 
and  its  results : 


NameH  of  bars. 


•§ 

9 

2 


Mile9. 

Peavy's |      130 

HAtoheeiigbee |      134 


Osage 

SeDar's 

Barney's 

Turkey  Shoals  ... 
Mouth  of  Warrior 

Hfinoock's 

The  Rooks 

Bee  Tree  Isluid.. 

Arrinii^D's 

Haunted  Point . . . 
Birdine 


152 

153 

169 

205 

244 

246 

246i 

247 

251 

253 

256 

Kirkpatrlck's 1      269 

•   -■  260 

263 
395 


Lipscomb's  Gin 
Black  Snake  . . . 
Ten-Mile  Shoala 


Total. 


30 

s 


a 
1-1 


275 
653 
895 
935 
175 
850 
305 
520 
541 
322 
120 
805 
971 
135 


891 
800 


J 


■D 


O 

a 


9,193 


1,871 


250 


1 

depth. 

depth. 

1 

1 

1 

M) 

% 

g 

i 

2f    6" 

Uil 

2'    6" 

3'  6" 

2^ 

4' 

2' 

3' 

\ 

2'    3" 

4'  6" 

1'    8" 

3' 

* 

1'  10" 

3'  2" 

' 

1'  10" 

8' 

1 

1'    6" 

8' 

2' 

3' 

1 

2' 
V    8" 

3' 
3' 

►  Littl 

1'    6" 

3, 

i' 

2'    3" 

3' 

<! 

2'    3" 

3' 

V    6" 

3'          i 

1'    4" 

3'          1 

1 

In  pi 

Name  of  locality. 

Before  work. 

After  work. 

1 
Pulled  logs. 

• 

1 

17 
112 

4 

10 
413 

Depth. 

Width. 

Depth.  Width. 

Curtis  Island 

Inches. 
8 

Feet. 
15 

Feet, 
3 

Feet. 
30 

58 

44 

2 

21 

182 

Huddleston's  Shoals  (plenty  of  water,  trees 
and  loffs  the  onlv  imnediment) 

Butler's  Shoals  (plenty  of  water,  trees  and 
loim  the  onlv  imTM^iment)  , ,  ^  - ,  t  r  t  , 

TTnrHRnn*!!  HhnfA . . 

Ten-Mile  Shoals 

Total... 

1 

307 

556 

1 

This  work  is  in  the  collection  district  of  Mobile,  Ala.,  and  Mobile  is  the  ] 
entry.     Revenue  ooUected  for  fiscal  year  ending  June  30,  IScJO,  $63,946.09. 

Money  statement. 

July  1,  1879,  amount  available |30,229  48 

Amount  appropriated  by  act  approved  June  14,  1880 47, 000  00 

$77, 

July  1,  1880,  amount  expended  during  fiscal  year 22, 

July  1,  1880,  amount  available 54, 

Amount  (estimated)  required  for  completion  of  existing  project 203, 

Amount  that  can  be  profitably  expended  in  fiscal  year  ending  June  30,  1882 : 

For  Warrior  River $50,000  00 

For  Tombigbee  River 50,000  00 

100. 
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K  14. 

IMPROVEMENT  OF  TOMBIGBEE  RIVER,  ABOVE    COLUMBUS,  MISSISSIPPI. 

The  survey  of  the  Tombigbee  Eiver,  between  Fulton  and  Columbus, 
Miss.,  was  completed  in  1873,  under  direction  of  Maj.  W,  McFarland, 
Corps  of  Engineers.  In  bis  report  (see  Eeport  of  Chief  of  Engineers, 
1873,  page  548),  he  recommends  the  improvement  of  the  river  for  high- 
water  navigation  by  the  removal  of  snags,  logs,  overhanging  trees,  &c., 
and  estimates  the  cost  at  $35,000.  The  amount  of  $10,000  was  appro- 
priated by  act  of  Congress  approved  March  3, 1873,  for  the  improvement 
of  the  To'mbigbee  Eiver,  of  which  the  sum  of  $4,667.05  was  expended 
above  Columbus.  The  balance  was  used  for  the  lower  part  of  the  river. 
By  act  of  Congress  approved  June  18, 1878,  an  appropriation  of  $12,000 
was  made  for  this  portion  of  the  river,  and  the  work  assigned  to  me. 
In  the  early  part  of  September  necessary  preparations  wei*e  made  for 
the  sjMBedy  prosecution  of  the  work.  A  light-draught  flat-boat,  for  the 
transportation  of  tools  and  provisions,  with  quarters  for  superintendent, 
was  built,  and  work  commenced  at  Aberdeen,  Miss.,  on  September  20, 
1878,  with  a  force  of  coloreil  laborers,  who  were  fhrnished  with  tents  for 
quailers,  which  could  be  moved  down  the  river  as  the  work  advanced. 
Operations  were  carried  on  steadily  until  the  latter  part  of  November, 
when,  on  reaching  Tatum's  Landing,  34  miles  below  Aberdeen,  work  had 
to  be  suspended  on  account  of  heavy  rains  and  corresponding  rise  in  the 
river,  and  after  safely  storing  all  the  public  property  the  force  was  dis- 
charged. It  was  confidently  expected  that  the  improvement  would  be 
carried  as  far  as  Columbus  before  the  close  of  operations,  but  the  unu- 
sually early  rise  in  the  river  prevented  the  completion  of  the  work  con- 
templated. 

About  the  middle  of  May,  1879,  the  river  commenced  falling  rapidly, 
and  preparations  were  at  once  made  for  the  resumption  of  operations. 
On  the  26th  of  May  work  was  recommenced  at  Tatum's  Landing,  and 
continued,  with  only  slight  interruption  by  rain,  to  the  close  of  the 
year,  when  Waverly,  about  11  miles  north  of  Columbus,  was  reached. 
Bet'ween  this  point  and  Aberdeen  the  river  was  cleared  of  all  overhang- 
ing trees,  drift  logs,  and  snags,  down  to  low-water  mark,  giving  a  clear 
channel  for  high- water  navigation. 

Under  an  appropriation  of  $10,000  made  by  act  of  Congress  approved 
March  3, 1879,  work  on  this  improvement  was  resumed  at  Aberdeen, 
Miss.,  in  August,  1879,  clearing  the  river  from  this  point  northwards, 
while  at  the  same  time  another  force  was  engaged  at  Fulton,  Miss.,  to 
work  south  from  that  point.  On  account  of  high  water,  operations  had 
to  be  snsx)ended  in  December,  1879,  and  could  not  be  resumed  until  the 
latter  part  of  May,  1880,  when  both  forces  combined  commenced  clear- 
ing the  river  from  Cotton-Gin  Port  northward,  and  reached  as  far  as 
Le  Orone's  Field,  a  distance  of  30  miles.  Although  the  improvement 
is  only  partially  completed,  light-draught  steamers  were  enabled  to  run 
up  to 'Fulton  and  carry  over  2,000  bales  of  cotton  down  the  river  during 
the  high-water  season. 

By  act  of  Congress  approved  June  14, 1880,  an  appropriation  of  $4,000 
was  made  for  this  improvement,  and  it  is  proi>osed  to  expend  this  amount 
and  funds  now  avaihkble  during  next  fiscal  year  in  completing  the  im- 
provement as  far  as  Fulton,  Miss.,  by  cutting  of  overhanging  trees  and 
the  removal  of  snags  and  logs  to  complete  a  high-water  channel  from 
Columbus  to  Fulton. 
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The  appropriation  asked  for  the  fiscal  year  ending  Jane  30,  1882,  is 
proposed  to  be  expended  in  preserving  the  improvement  accomplished. 
It  is  estimated  that  a  yearly  appropriation  of  $2,000  will  be  required  to 
keep  this  section  of  the  Tombigbee  Eiver  in  navigable  condition. 

Before  the  commencement  of  this  improvement  all  cotton  and  other 
produce  had  to  be  hauled  about  20  miles  to  the  railroad  and  pay  high 
rates  of  freight.  As  soon  as  the  river  is  made  navigable  cheap  freights 
will  increase  the  trade  and  tend  to  induce  farmers  to  settle  in  this  sec- 
tion of  the  country. 

The  original  estimated  cost  of  the  work  under  existing  project  is  935,000. 
Total  amount  appropriated,  $30,667.05. 

An  appropriation  of  $2,000  is  asked  for  the  fiscal  year  ending  June 
30,  1882,  for  the  preservation  of  the  improvement. 

This  work  is  situated  in  the  coUection  district  of  Mobile,  Ala.,  and  Mobile  is  the 
port  of  entry. 

Money  stateinent. 

July  1,  1879,  amount  available |19,148  95 

Amount  appropriated  by  act  approved  June  14,  1880 4, 000  00 

|23, 148  95 

July  1,  1880,  amount  expended  during  fiscal  year 8,072  22 

July  1,  1880,  amount  available 15,076  73 

Amount  that  can  be  profitably  expended  in  fiscal  year  ending  June  30, 1882.      2, 000  00 


K  IS. 

IMPROVEMENT  OY  NOXUBEE  RIVER,  MISSISSIPPI. 

This  examination  of  this  river  was  provided  for  by  an  act  of  Congress 
approved  March  3,  1879.  It  was  made  from  the  mouth  to  Macon,  Miss. 
The  report  upon  it  was  made  March  6, 1880. 

The  plan  adopted  for  it  is  to  remove  such  overhanging  trees  and  other 
obstructions  on  the  portion  of  the  river  above  mentioned  as  to  give  a 
navigable  channel  during  about  nine  months  of  the  year. 

The  first  appropriation  for  this  work  ($12,000)  was  made  by  act  of 
Congress  approved  June  14, 1880.  It  is  proposed  to  expend  this  amount 
in  removing  snags  and  overhanging  trees  as  far  as  possible  with  the 
means  to  give  a  navigable  channel  between  Macon  and  the  mouth  of  the 
river  during  about  nine  months  of  the  year,  or  whilst  the  river  is  a  little 
above  the  lowest  stage.  It  is  proposed  to  apply  the  appropriation  asked 
for  in  continuing  the  work  according  to  the  plan  specified.  The  work 
would  not  be  permanent,  but  a  small  amount  each  year  would  be  re- 
quired to  keep  the  channel  clear  of  snags  and  leaning  trees. 

The  benefit  to  be  derived  from  the  improvement  is  t£e  saving  in  freight 
on  cotton  and  other  produce,  and  supplies  of  planters  along  the  river, 
l^e  greater  part  of  whom  are  now  obliged  to  haul  them  a  distance  of 
about  15  miles  to  stations  on  the  Mobile  and  Ohio  Bailroad,  over  heavy 
prairie  roads,  and  then  pay  much  higher  freights  than  t^y  would  have 
to  with  an  open  river. 

The  amount  of  the  commerce  is  estimated  at  about  15,000  or  16,000 
bales  of  cotton,  and  about  an  equal  value  ot  other  products  and  return 
supplies.  This  may  be  considerably  increased.  The  improvement  of  the 
river  will  in  the  future  possibly  furnish  the  means  for  supplying  cheap 
friel  from  the  Sipsey  coal-fields  to  the  inhabitants  of  this  section. 
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An  appropriation  of  $25,000  is  asked  for  fiscal  year  ending  June  30, 
1882. 

This  work  is  situated  in  the  collection  district  of  Mobile,  Ala.,  and  Mobile  is  the  port 
of  entry. 

Money  statement. 

Amount  appropriated  by  act  approved  June  14,  1880 $12, 000  OO 

July  1,  ISm,  amount  available 12,000  OO 

Amount  (estimated)  required  for  completion  of  existing  project 53, 245  25 

Amount  that  can  be  profitably  expended  in  fiscal  year  ending  June  30, 1882.    25, 000  00 


examination  of  noxubee  river,  mississippi. 

Office  of  United  States  Engineer, 

Mobiky  Ala. J  March  6, 1880. 

Sir  :  I  have  the  honor  to  submit  the  following  report  on  the  examina- 
tion of  Noxnbee  River,  Mississippi,  authorized  by  act  of  Congress  ap- 
IHToved  March  3, 1879,  and  assigned  to  me  by  letter  dated  April  25, 1879. 

This  examination  was  commenced  at  Macon,  Miss.,  which  is  considered 
the  head  of  navigation,  although  boats  have  run  higher  up  the  river,  as 
two  low  bridges,  without  draws,  cross  the  river  at  this  point.  The  distance 
&ont  Macon  to  the  mouth  is  69  miles. 

With  the  exception  of  a  few  shoals,  the  principal  obstructions  to  the 
oavigadon  of  the  river  are  snags,  drift-logs,  fish-traps,  and  overhanging 
tiees.  The  shoals  are  formed  of  white  lime  rock,  easily  excavated  and 
removed.  The  improvement  of  the  river  is  practicable  and  compara^ 
tively  inexpensive. 

The  direct  benefits  to  be  derived  from  the  improvement  would  be,  better 
facilities  and  reduced  freight  rates  for  the  transportation  of  the  produce 
of  the  country  lying  near  the  river,  consisting  chiefly  of  cotton  and  com, 
both  of  which  are  raised  in  large  quantities;  and  the  prairie  belt,  through 
which  the  river  runs,  could  be  supplied  with  coal  at  a  reasonable  cost, 
fbel  being  scarce  and  expensive  in  that  section  of  the  country. 

It  is  estimated  that  it  would  require  about  $65,245.25  for  such  an  im> 
provement  as  would  enable  light-draught  steamboats  to  navigate  the  river 
aboat  nine  months  in  the  year,  and  if  the  work  is  undertaken  an  appro- 
piiation  of  $50,000  is  recommended.    . 

VTith  the  river  improved,  the  shipment  down  would  amount  to  10,000 
bales  of  cotton,  and  up,  of  general  merchandise,  of  nearly  equal  value 
anniudly. 

The  report  and  tracing  of  map  prepared  by  Mr.  J.  P.  Fresenius,  the 
assistant  engineer,  who  conducted  the  examination,  are  transmitted  here- 
with, to  which  I  would  respecfully  refer  for  more  detailed  information. 
Very  respectfully,  your  obedient  servant, 

A.  N.  Damrell, 

Captain  of  Engineers. 

The  Chief  of  Engineers,  TJ.  S.  A. 


REPORT  OF  MR.  J.   P.  FR£8£NIU8,   ASSISTANT  ENGINEER. 

Mobile,  Ala.,  February  21,  1880. 

Major  :  I  have  the  honor  to  submit  herewith  my  report  on  the  examination  of  the^ 
Koxnbee  River,  undertaken  in  accordance  with  your  instructions. 

Ob  completion  of  the  examination  of  the  Sipsey  River,  I  engaged  traDspoTtatioii  i^t 
Viefnna,  Ala.,  for  the  homta  and  camp  equipage  to  Macon,  Miss.,  a  distanoe  of  38  mVle^^ 
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leaving  the  former  place  November  20, 1879,  and  arriving  at  the  latter  on  the  evening 
of  the  2l8t. 

Macon,  the  county  seat  of  Noxubee  County,  is  situated  directly  on  the  Noxubee 
River,  has  a  population  of  between  2,500  and  3,000,  and  being  surrounded  by  a  most 
fertile,  rich,  and  productive  prairie  country',  is  one  of  tjie  most  enterprising  and  flour- 
ishing towns  of  East  Mississippi.  Not  only  are  the  c)tizens  of  Macon,  but  also  the 
whole  community  living  near  and  adjacent  to  the  Noxubee  River,  deeply  interest^ed  in 
the  project  of  making  the  river  navigable,  and  I  deem  it  proper  to  state  here  that  on 
my  arrival  at  Ma<.'on  I  found  a  universal  desire  on  the  part  of  the  community  to  aid 
and  assist  the  undertaking  of  making  the  Noxubee  River  navigable,  as  far  as  practi- 
cable, for  at  least  a  great  portion  of  the  year,  and  I  have  no  doubt  that  should  work 
actually  be  commenced  the  government  will  receive  all  the  aid  that  can  be  reasonably 
expected  from  the  population  living  near  the  river. 

Some  thirty  years  ago  the  Noxubee  River  was  navigated  by  small  li^ht-draught 
steamers ;  the  last  one,  to  the^best  of  my  information,  called  the  Little  Jimmie,  sunk 
in  1853,  and  some  of  these  boats  plied  as  high  up  as  30  or  40  miles  above  Macon :  but 
all  were  withdrawn  from  the  river  in  1856,  when  the  Mobile  and  Ohio  Rfiilroaa  was 
completed  to  Macon.  To  the  best  of  my  recollection,  this  road  obtained  a  grant  frt)m 
either  the  State  or  federal  government  to  erect  a  permanent  bridge  over  the  Noxubee 
River,  making  Macon  the  head  of  navigation,  and  since  then — some  six  years  a^ — 
the  citizens  of  Macon  and  Noxubee  County,  Mississippi,  erected  a  very  nice  iron  high- 
-^'ay  bridge  about  1^  miles  below  the  railroad  bridge,  a  i)ermanent  structure  without 
a  draw,  making  it,  therefore,  impracticable  to  run  boats  beyond  this  point,  even  in 
low  water.  For  these  reasons  I  considered  it  unnecessary  to  extend  the  examination 
of  the  river  beyond  the  town  of  Macon,  which  I  took  as  tne  head  of  probable  naviga- 
tion and  starting  point  of  the  survey  of  the  Noxubee  River. 

Through  the  courtesy  of  the  Hon.  Judge  Ames  and  several  other  prominent  citizens 
of  Macon  I  obtained  a  copy  of  the  county  map,  showing  the  course  of  the  river  to  the 
State  line  of  Mississippi  and  Alabama,  which  not  only  assisted  me  very  much,  but 
which  I  found  in  the  aggregate  very  correct,  expediting  the  work  very  much  indeed, 
and  for  which  I  cannot  omit  to  express  to  these  gentlemen  my  thanks.  I  also  endeav- 
ored to  get  a  county  map  of  Sumter  Couuty,  Alabama,  but  withotit  success,  and  for-this 
reason  it  took  me  more  time  to  ascertain  distances,  which,  however,  I  dare  say  are,  in 
the  aggregate,  very  correct,  as  I  measured,  wherever  practicable,  the  points  of  inter- 
section of  the  section  lines  and  the  river,  and  I  do  not  think  that  the  total  distance  of 
the  river  from  Macon  to  its  mouth,  below  given,  will  vary  materially  should  a  thor- 
ough instrumental  survey  be  made,  which  I  would  respectfully  recommend  in  case  an 
appropriation  be  made  for  the  improvement  of  this  river.  The  Noxubee  River,  in 
com]parison  with  the  Sipsey  River,  ofl^ers  comparatively  few  obstacles,  and,  in  ray 
opinion,  can*be  easily  made  navigaole,  not  only  for  the  present  demand  of  traffic  but 
for  some  time  to  come. 

The  season  in  which,  in  this  latitude,  the  usual  fall  freshets  may  be  expected,  had  al- 
ready so  far  advanced,  and  knowing  the  limited  means  at  my  command  for  the  examina- 
tion, compelled  me  to  confine  myself  to  the  plan  adopted  on  the  Sipsey,  viz,  to  reconnoiter 
the  stream  by  noting  every  change  of  the  course,  character  of  the  bauks,  and  country 
adjacent  to  the  river,  taking  soundings  on  an  average  of  75  feet,  making  cross-sections 
about  every  two  or  three  mues,  taking  all  necessary  levels  of  fish -traps,  mill-dams,  and, 
wherever  I  could  obtain  reliable  information,  of  high-water,  all  of  which  can  be  more 
readily  seen  from  the  accompanying  field-notes,  whilst  the  index  map  herewith  pre- 
sented gives,  on  a  scale  of  2  inches  to  the  mile,  a  pretty  correct  view  of  the  course  of 
the  river,  and  its  principal  tributaries.  As  before  stated,  wherever  section  lines  or 
township  lines  crossed  tne  river,  I  measured  the  distances  to  the  nearest  section  or  land 
corners,  and  I  feel  confident  that  not  only  the  length  of  the  river,  which  was  jcom- 
puted  from  the  accompanying  map,  but  also  the  many  and  various  bends  of  the  river, 
are  as  correct  as  they  could  be  obtaiued,  without  making  an  actual,  instrumental, 
and  meandering  survey. 

By  reference  to  the  accompanying  map  it  will  be  seen  that  the  total  length  of  the 
river,  from  Macon  to  its  mouth,  is  69^  miles,  of  which  41  f  miles  are  in  Noxubee  County, 
Mississippi,  and  the  remainder,  27f  miles,  in  Sumter  County,  Alabama.  Apparently 
in  looking  at  the  map,  the  course  of  the  river  is  rather  tortuous  aud  crooked,  but  with 
the  exception  of  a  few  instances,  where  either  shoals  are,  or  where  drift  has  accu- 
mulated, the  bends  are  in  almost  every  instance  of  sufficient  width,  that,  even  in 
a  very  low  stage  of  water,  small  steamboats  of  3  or  4  feet  draught,  managed  with 
proper  care,  can  be  easily  piloted  around  the  bends. 

The  reconnaissance  of  this  river  could  not  have  been  made  at  a  more  favorable  time, 
as,  from  all  the  information  obtained,  in  the  remembrance  of  the  oldest  inhabitants, 
the  stage  of  the  water  was  lower  than  it  had  been  for  years,  and  I  only  regret  that  I 
was  n(»t  enabled  to  examine  the  whole  river  at  that  low  stage ;  but  on  December  5, 
1879,  when  within  about  20  miles  of  the  mouth,  a  very  severe  rain-storm  visited  that 
part  of  the  country,  compelling  me  to  lay  up  for  two  days,  and  causing  a  rise  of  from^ 
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5  to  6  feet,  which  prevented  a  thorough  observation  of  fish- traps,  dams,  fords,  <&€.,  the 
water  being  all  over  them,  and  I  had  to  locate  them  on  the  map  from  information  ob- 
tained from  parties  living  along  the  river.     Also,  from  the  same  cause,  I  was  prevented 
from  taking  accurate  exiundings  in  the.  above  distance,  as  the  sounding-pole  at  hand 
wa&  only  14  feet  long,  and  in  most  instances  did  not  reach  the  bottom  ;  and  at  the  same 
time,  "w^th  the  rise  of  the  river,  the  velocity  of  the  current  increased  so  much  that 
aoundings  with  a  lead-line  became  rather  unreliable.    From  all  the  information  I  could 
gmther  of  this  part  of  the  river,  viz,  the  last  20  miles  from  its  mouth,  no  serious  im- 
pediments are  existing;  the  diiferent  fish-traps,  &.c.f  were  all  submerged  to  such  a 
depth  that  no  sign  of  their  existence  could  be  seen  on  the  surface  of  the  water.     Here 
I  will  state  that  while  we  were  on  that  part  of  the  river  a  flat-boat,  or,  as  they  are 
called,  keel-boats,  loaded  with  145  bales  of  cotton,  and  drawing  about  4  or  41  feet  of 
wat^r,  passed  us,  having  been  loaded  some  30  miles  up  the  river  from  its  mouth,  and 
reached  its  destination  without  any  difficulty  whatever.     I  am  informed  that  these 
boata,  on  the  lower  portion  of  the  river,  with  a  rise  of  only  2^  to  3  feet  from  extreme 
low-^^AteFy  have  been  and  are  running  very  frequently  during  the  cotton-shipping 
•eaaoOy  and  very  rarely  meet  with  any  disaster.    This  convinced  me  that,  while  I  was 
depriv^ed  of  seeing  the  lower  nart  of  the  river  at  low- water  stage,  no  obstructions  of  a 
serioua  nature  can  exist  which  would  involve  a  heavy  expenditure. 

The  ^dth  of  the  river  is,  in  the  whole,  pretty  uniform,  though  in  a  number  of  in- 
stances, at  extreme  low-water,  in  the  first  10  or  15  miles,  the  river  is  not  more  than  40 
feet  i^de,  and  at  a  few  places  where  the  river  is  contracted  to  even  less  than  40  feet. 
On  an  average,  the  'v^idth  of  river  at  very  low  water  is  fully  60  feet,  which  increases 
very  considerably  in  case  of  even  a  light  freshet. 

I  have  endeavored  to  show  on  the  map  the  different  widths  of  the  river,  but  the 
sm»ll  scale  I  had  to  use  prevented  me  from  showing  the  difference  very  accurately, 
and  I  'Would  respectfully  refer  you  to  the  detailed  and  minute  field  notes,  which  give 
the  ^ridth  of  the  river  on  an  average  of  every  500  to  8p0  feet. 

In  regard  to  the  depth  of  the  river,  soundings  were  taken  longitudinally  about  every 
50  or  75  feet,  and  these  soundings  are  also  given  in  detail  in  the  field  notes.  From 
these  it  will  be  seen,  as  well  as  from  the  various  cross-sections,  that  though  the  river 
was  very  low  its  average  depth  is  fully  3  feet.  However,  I  have  no  doubt  that  by  a 
more  careful  system  of  soundings  the  above  figures  may  be  found  to  be  too  much,  as 
there  are  a  number  of  shoals  and  a  few  islands  where  only  1^  to  2  feet  of  water  was 
found.  This  is,  however,  the  case  in  extreme  low-water,  and,  as  above  stated,  the 
sta^e  of  the  river  at  the  time  the  examination  was  made  was  lower  than  had  been 
known  for  years,  and  I  am  reliably  informed  that  such  low-water  stage  is  generally  of 
very  short  diu^tion,  and  hardly  ever  when  the  farming  community  is  ready  to  ship 
their  cotton  crop. 

The  banks  of  the  river,  as  nearly  the  greater  i)art.  of  all  rivers  in  this  latitude,  are 
very  nniform ;  that  is,  in  respect  to  their  formation,  which  is  usually  a  blutt*  of  greater 
or  lesser  height  on  one  side,  the  opposite  bank  being  a  sloping  bank  of  lesser  eleva- 
tion and  sabject  to  overflow.  These  features  change,  to  more  or  less  extent,  with  the 
river  from  one  side  to  the  other,  so  that  at  all  times  you  have  a  high  steep  bluff  ou 
either  one  or  the  other  side,  while  the  other  bank,  in  either  case,  is  lower  and  sloping. 

This  general  character  is  retained  on  the  Noxubee  River  with  great  uniformity,  but 
it  is  beyond  a  doubt  more  regular  than  I  have  ever  experienced  before ;  and  it  is  proper 
to  say  that  the  banks  of  the  Noxubee  River,  in  the  distance  examined,  are  beaut£ful 
in  their  formation,  and  are  almost  entirely  free  from  what  is  termed  a  swampy  bank. 
The  field  notes  give  the  detailed  height  and  character,  and  almost  uniformly  on  one 
aide  of  the  river  would  be  found  a  perpendicular,  steep,  pure  white  limestone  hluSL 
varying  :frt)m  30  to  125  feet  high,  while  *the  opposite  bank  would  be  a  nattural  and 
graduakl  slope,  averaging,  at  low-water,  fully  14  feet  high ;  in  fact,  the  banks  of  the 
river  are  remarkably  well  featured,  and  are  of  very  favorable  material,  showing  in  no 
instance  any  signs  of  washing  or  slides.  The  limestone  bluffs  are  generally  free  of 
any  |i^owth  of  timber  on  their  slope,  though  on  top  of  the' lime  rock  the  Itest  of  blaclc 
prairie  soil  is  deposited,  varying  in  depth  from  4  to  20  or  30  feet.  The  sloping  banks 
are  of  the  same  rich  prairie  soil,  and  are  more  or  less  densely  timbered,  and  in  a  uum- 
Wr  of  instances  most  densely  and  thickly  overgrown  with  cane. 

As  already  remarked,  the  soil  of  the  country  through  which  the  Noxubee  River  runs 
m  rich  and  fertile,  and  will  compare  favorably  with  any  of  the  richest  soil  of  Missis- 
eppi  or  Alabama;  the  laud  being  known  as  the  Black  Prairie  Belt.  For  this  reason 
;t  IS  but  natural  that  the  greater  part  of  the  river  runs  almost  continuously  through 
plantations,  though  there  are  occasionally  reaches  where  either  one  or  the  other  bank, 
or  in  some  instances  both  banks,  are  heavily  timbered.  The  principal  growth  of  tim- 
ber is  the  various  kinds  of  oak,  hickory,  scaly  bark,  walnut,  and  occasionally,  but  in 
rare  instances,  a  limited  amount  of  snort-leafed  pine ;  some  birch  and  a  number  of 
fTcamoreSy  which,  like  a  large  quantity  of  overhanging  willows  and  brush,  line  the 


•ioping:  banks,  generally  close  to  the  water's  edge,  lorniing  in  numerous  instances,  eo 
to  say,  regular  walls  and  Toohnjr  Die  river  in.     27je  principal  2>roduce  of  t" 


the  above- 
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mentioned  plantations  is  cotton  and  com,  which  yield,  with  proper  cultivation,  an 
abundant  crop,  and  it  is  safe  to  say  that  the  former  will  average  generally  one-half  a 
bale  to  the  acre,  and  the  latter  30  bushels  per  acre. 

From  the  longitudinal  soundings,  as  well  as  from  the  soundings  taken  every  10  feet 
at  the  place  of  cross-sectioning  the  river,  it  was  found  that  tlie  bed  of  the  river  is, 
almost  in  the  whole  distance,  composed  of  lime  rock,  though,  as  will  be  seen  from  the 
field  notes,  in  a  great  many  places  the  bottom  was  found  to  be  of  a  sandy  nature  or 
washed  in  black  prairie  son,  which,  according  to  circumstances,  changes  in  depth. 
These  sand  or  mud  deposits,  however,  in  nij  opinion,  are  more  or  less  of  a  local 
nature,  and  by  using  a  sounding-rod  and  workmg  it  through  these  deposits,  I  invari- 
ably found  the  limestone  underneath. 

It  will  farther  be  seen  that,  as  a  general  rule,  the  bed  of  the  river  is  very  uniform 
and  regular,  very  smooth  and  free  of  deep  holes  and  crevices,  which  is  most  plainly 
perceptible  on  the  few  shoals  which  were  above  water. 

The  nature  of  this  limestone  is  that,  when  it  is  exposed  to  the  atmosphere,  it  seems 
to  harden  materially,  while  when  it  is  submerged  under  water  it  softens  to  a  certain 
extent,  which  does  not  diminish  it«  suitability  as  a  foundation  for  any  structure,  as 
dams,  &c.,  but  which  makes  it  comparatively  easy  to  excavate,  where  necessary  to 
deepen  the  channel  of  the  river.  * 

From  my  former  connection  with  the  Mobile  and  Ohio  Railroad,  I  was  enabled  to 
establish  a  bench-mark  of  levels  at  the  starting  point,  near  Macon,  Miss. 

The  above  levels  show  the  elevation  of  low- water  in  the  Noxubee  River  above  mean 
average  tide- water  in  Mobile  Bay  to  be  149.60,  while  the  highest  recorded  shows  an 
elevation  of  175.30,  giving  an  oscillation  at  that  point  of  25.70  feet.  From  the  same 
level  notes  I  found  tnat  the  low-water  in  the  Bigbee  River  at  Gainesville,  Ala.,  about 
If  miles  below  the  month  of  the  Noxubee  River,  has  an  elevation  of  102  feet  above 
Mobile  Bay,  while  high-water  mark  is  141,  consequently  giving  an  oscillation  of  3^ 
feet.  To  the  correctness  of  these^levels  I  cannot  vouch,  but,  taking  them  for  granted, 
would  give  the  total  fall  of  the  Noxubee  River,  from  Macon  to  its  mouth,  approximately 
at  low- water  stage,  47  feet,  or  about  0.7  foot  per  mile. 

From  the  levels  taken  at  the  various  fish-traps  and  dams,  as  far  as  they  were  in 
sight,  it  will  be  seen  from  the  level  field-notes  tnat  I  obtained  a  total  fall  of  21  feet 
for  a  distance  of  45  miles;  after  which  I  was  unable  to  take  any  more  levels  on  account 
of  the  above  mentioned  freshet.  Assuming  the  water-level  between  the  fish-traps  and 
dams,  these  figures  would  give  an  average  fall  of  onl^  0.21  foot  per  mile ;  but,  from 
intermediate  levels  taken,  the  normal  fall  of  the  river  is  about  0.35  foot  per  mile. 

The  current  of  the  river  during  low- water  is  exceedingly  sluggish,  and  it  was  diffi- 
cult to  arrive  at  any  reliable  data  of  current  observations,  due  m  a  great  measure  to 
the  large  number  of  fish-traps  and  dams,  which  create  slackwater  to  a  considerable 
distance  above  them.  In  case  of  even  light  freshets,  however,  the  current  becomes 
very  swift,  and  with  a  rise  of  5  feet  the  velocity  of  the  current  was  found  to  be  from 
3i  to  4  miles  per  hour. 

Owing  to  the  limited  time  at  my  command,  no  accurate  observations  were  made  in 
regard  to  the  average  discharge  of  the  river,  but,  from  the  data  obtained,  I  am  satis* 
fied  that  a  sufficient  volume  of  water  can  be  relied  upon  for  at  least  8  months  of  the 
year  to  establish  a  channel  of  60  feet  wide  and  3.5  to  4  feet  deep. 

With  the  exception  of  Bodka  Creek,  which  enters  the  Noxubee  about  5  miles  above 
its  mouth,  all  other  tributaries  are  of  no  importance,  and  do  not  contribute  any 
amount  of  water  to  increase  the  river,  except  in  times  of  heavy  freshets. 

For  the  first  15  to  20  miles  the  river  is  more  or  less  obstructed  by  logs  and  drift, 
owing,  no  doubt,  to  its  contracted  width  in  that  part  of  the  river,  which  averages 
from  45  to  50  feet,  at  low  water-stage.  Of  these  logs,  however,  comparatively  a  small 
number  are  what  may  be  called  bed-logs,  viz,  logs  resting  and  imbedded  directly  in 
the  bottom  of  the  river.  Most  of  these  have  either  fallen  or  slid  in  the  river  from  the 
banks,  or  have  been  cut  from  the  slopes  and  fallen  in  the  river,  resting,  however,  on 
either  one  or  the  other  bank,  and  forming  a  barrier  where  drift  will  accumulate. 
These  logs  can  be  removed  far  easier  than  the  above-mentioned  bed-logs ;  and  as  they 
diminish  considerably  in  number  farther  down  stream,  where  they  occur  only  occa- 
sionally, and  where  the  river  increases  in  width,  they  form  only  a  part  of  the  obstruc- 
tions. 

The  next  impediment  to  a  free  flow  of  water  are  the  numerous  fish- traps  and  a  few 
mill-dams.  While  at  Macon,  I  was  informed  by  parties  whose  information  can  be 
relied  upon  that  there  was,  or  would  be,  a  bill  before  the  Mississippi  State  legislature, 
at  its  present  session,  to  enact  a  law  to  have  all  existing;  fish-traps  and  mill-dams  in 
the  Noxubee  River  removed  at  the  cost  of  the  respective  owners,  and  to  make  it  a^ 
8tate  offense  to  erect  new  ones.  I  have  no  doubt  that  such  a  law  will  be  enacted,  as' 
&r  as  the  Noxubee  River  runs  through  the  State  of  Mississippi,  and  as  there  are  thir- 
teen of  these  structures  in  the  river  in  its  course  through  tliat  State  it  will  greatly 
assist  and  diminish  the  cost  of  the  improvement. 

In  Alabama,  to  the  best  of  my  information,  are  eight  fish-traps,  none  of  which, 
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however,  were  visible  on  account  of  the  rise  of  the  river,  but  I  have  no  doubt  that 
the  owners  will  remove  them,  even  without  the  enforcement  of  the  law  in  that  State, 
provided  there  is  a  prospect  of  having  navigation  improved  on  that  river. 

The  next  and,  in  my  opinion,  the  most  important  item  of  detriment  to  navigation, 
i^  the  large  number  of  overhanging  and  bending  trees,  which  more  or  less  appear  on 
the  whole  length  of  the  river.  As  remarked  before,  my  time  was  too  limited  to  ex- 
amine any  details,  and  it  was  impossible  to  take  an  accurate  account  of  the  number 
of  trees  thus  obstructing  navigation.  I,  therefore,  in  the  annexed  approximate  esti- 
mate, assumed  a  certain  amount  for  removing  these  trees,  which  I  think  will  cover 
the  cost. 

Besides  the  above-mentioned  obstructions  there  exist  a  few  shoals  and  islands. 
The  former  are  generally  bare  white  limestone,  while  the  latter  consist,  more  or  less, 
of  soil,  and  are  overgrown  with  willow  trees  and  brushes. 

The  largest  of  these  shoals  is  about  *.^  miles  from  Macon,  and  the  place  is  known 
nnder  the  namd  of  the  Devil's  Racetrack.  Here  the  shoal  protrudes  above  low-water 
fally  1  font,  and  the  water  is  forced  through  a  very  narrow  channel,  consequently  the  . 
mrrent  is  very  swift  and  rapid  ;  but,  as  already  stated,  this  species  of  lime  rock,  as  long 
39  it  is  exposed  to  moisture,  is  easily  excavated,  and  the  shoals  can  be  removed  at 
<*omi>aratively  small  cost. 

Tlie  few  islands  in  the  river,  which  are  only  visible  in  extreme  low- water,  are  of  minor 
consideration,  and  can,  after  being  cleared  of  the  dense  growth  of  willow  brush,  easily 
be  leveled  down. 

About  50  miles  from  Macon  the  river  forks,  and  on  examination  of  the  locality  I  did 
not  consider  it  necessary  to  examine  both  prongs,  but  continued  on  the  main  stream^ 
which  is  plainly  designated,  the  left-hand  shoot,  at  the  head  of  the  fork,  being  com- 
pletely barricaded  by  logs  and  drift  wowl.  At  the  head  of  this  cut-oflf  a  bar  has  already 
ft>nne>d,  and  with  comparatively  little  work  a  jetty  or  dam  can  be  thrown  across  to 
force  all  the  water  through  the  nght-haud  shoot,  or  main  channel. 

In  order  to  make  an  accurate  estimate  of  the  cost  of  the  work  it  would  require  a 
more  det^&iled  survey,  and  the  amount  below  given  may  be  excessive  of  the  actual 
cost.  As  remarked,  the  main  obstruction  consists  of  overhanging  trees,  principally 
»yeaxnores,  willow  trees,  and  willow  brush,  which  are,  however,  so  irregular,  some 
reaches  being  very  densely  overgrown,  while  others  are'almost  entirely  free  from  over- 
hanging trees,  that  it  would  require  considerable  time  to  estimate  on  each  separately, 
and  I  nave  therefore  assumed  ^e  cost  of  69^  miles,  allowing  so  much  per  mile.  The 
fame  is  the  case  with  sunken  logs  and  other  obstructions,  which  are  rather  numerous 
on  the  first  15  to  20  miles  from  Macon,  but  gradually  become  less  and  less  as  the  mouth 
of  the  river  is  approached. 

APPROXIMATE  ESTIMATE. 

Cutting  and  removing  overhanging  trees  for  69^  miles,  at  $600  per  mile  ...  $41, 700  00 

RemoTing  bed  logs,  £ift,  &c.,  for  69^  miles,  at  $130  per  mile 9, 035  00 

Excavating  shoals  and  islands 2, 500  00 

Removing  nsh-traps  and  mill-dams 3,500  00 

Engineering  and  superintendence,  including  costof  an  instrumental  survey.      U,  510  25 

Total 65  245  25 

The  above  estimate  is  based  on  a  rise  of  3  feet  above  extreme  low-water. 

About  21  miles  fit>m  Macon  the  river  is  crossed  by  a  wooden  highway  bridge,  on  the 
road  from  Shugulak  Station,  on  the  Mobile  and  Ohio  Railroad,  to  Fairfield.  This 
itmctore  is  about  35  feet  above  extreme  low-water,  and  of  course  will  have  to  be 
«ther  removed  or  replaced  by  a  draw-bridge,  to  allow  boats  to  pass.  To  the  best  of 
my  knowledge  this  bridge  was  built  by  the  county,  and  I  have  no  doubt  that  arrange- 
■eats  can  be  made  with  the  proper  county  authorities  to  have  this  impediment  re- 
aored  or  altered  at  the  expense  of  the  coimty,  and  for  this  reason  I  have  not  men- 
liooed  it  in  the  above  estimate. 

The  direct  benefits  to  be  derived  at  present  tcom  the  improvement  of  the  river  con- 
«t  principally  in  facilitating  transportation  of  all  produce  raised  in  the  vicinity  of 
^e  liver,  with  the  adequate  return  freights,  all  of  whioh  has  now  to  be  tran^orted 
ly  the  MobHe  and  Ohio  Railroad,  whioh  for  some  distance  runs  nearly  parallel  with  the 
river,  about  on  an  average  15  miles  West,  compelling  the  planters  to  haul  their  pro- 
^nee,  Ac,  that  distance,  and,  as  already  alluded  to,  through  a  heavy  prairie  soil,  wnich 
terin^  wert  weather  is  almost  impassable;  and  I  have  frequently  seen  four  and  even  six 
fokem  of  oxen  with  only  one  bale  of  cotton,  weighing  500  pounds^  stuck  fiMt  in  the 
pfairie  mud,  unable  to  reach  the  railroad. 

Besides,  the  universal  complaint  through  the  whole  country  is  that  the  charges  on 
iQ  kinds  of  freights  on  the  railroad  have  been  and  are  so  exceedingly  6Xotbit«At, 
vithoat  any  proepeot  whatever  of  a  rednctioD,  that  the  nayigation  of  the  Noxubee  IB 
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looked  upon  as  one  of  the  greatest  blessings  which  could  be  bestowed  upon  the  com- 
munity living  in  the  vicinity  of  the  river. 

One  other  great  benefit,  however,  and  one  which  I  think  of  great  importance,  would 
be  derived  firom  the  navigation  of  the  Noxubee,  and  that  is  the  question  of  obtaining 
fuel.  It  is  but  proper  and  just  for  me  to  state  here  that  my  attention  was  first  drawn 
to  this  fact  by  Mr.  W.  H.  Nevill,  a  gentleman  of  great  energy  and  culture,  and  taking 
great  interest  in  any  improvement  of  the  country.  Mr.  Nevill  not  only  cultivates  a 
very  fine  plantation  about  45  miles  from  Macon,  but  has  also  on  his  place  a  small 
factory  for  wood  work  ;  and  is  one  of  the  most  enterprising  and  energetic  citizens  on 
the  river,  to  whom  I  herewith  tender  my  thanks  for  valuable  information  and  courte- 
sies received. 

As  already  remarked,  the  Noxubee  River  runs  through  a  rich  prairie  country,  and  is 
cultivated  on  both  sides  nearly  its  whole  length,  consequently  the  question  of  fuel  is 
already  a  very  serious  one,  and  of  course  will  become  more  so ;  therefore  Mr.  Nevill 
advanced  the  idea  that,  if  'the  Sipsey  River,  near  which  coal  beds  are  found  in  abun- 
dance, could  be  made  navigable  simultaneous  with  the  Noxubee,  coal  could  be  trans- 
ported from  the  former  river  to  its  mouth,  thence  down  the  Bigbee  to  the  mouth  of 
the  Noxubee,  and  thence  up  the  river  to  Macon,  a  distance  of  about  285  miles,  at  a 
reasonable  expense,  and  Macon,  having  railroad  facilities,  be  established  a  coal  depot, 
from  which  coal  could  be  supplied  throughout  the  whole  prairie  belt  along  the  Mobile 
And  Ohio  Railroad.  I  have  no  doubt  this  scheme,  once  properly  established,  would 
result  in  a  considerable  traffic  and  revenue,  as  boats  carrying  coal  up  the  Noxubee 
would  always  find  return  freights  of  either  com,  cotton,  or  other  produce,  all  seeking 
an  ultimate  outlet  at  the  Gulf. 

I  could  not  ascertain  any  reliable  data  in  regard  to  the  annual  amount  of  produce 
raised  along  the  river,  but,  fi*om  my  former  connection  with  the  Mobile  and  Oluo  Rail- 
road, I  remember  that  Macon  used  to  ship  between  8,000  and  10,000  bales  of  cotton, 
Shuji^ulak  Station,  some  8  miles  south,  auout  5,000  to  6,000  bales,  and  still  another 
station,  AVahalack,  still  farther  south,  from  3,000  to  4,000  bales.  The  bulk  of  these 
shipments,  no  doubt,  were  received  from  the  country  lying  near  the  river,  and  it  is 
but  reasonable  to  suppose  that  a  greater  portion  would  avail  themselves  of  river 
transportation  in  preference  to  the  higher  railroad  freights,  the  former  naturally 
always  being  considered  cheaper  than  the  latter. 

Respectfully  submitted. 

J.  P.  Fkesexius, 
AsHsiant  Engineer. 

Bvt.  Maj.  A.  N.  Damrell, 

CaptatHj  Corps  of  Engineers,  U.  S.  A. 


K   i6. 

IMPROVEMENT  OF  PASCAGOULA  RIVER,  MISSISSIPPI. 

An  examination  of  East  Pascagoula  Eiver  was  made  under  the  act  of 
Congress  approved  Jane  18, 1878,  from  its  mouth  to  its  head,  the  cost 
of  which  was  paid  from  the  appropriation,  $10,000,  made  for  its  improve- 
ment by  the  same  act.  Report  of  this  result  was  transmitted  to  Con- 
gress and  printed  in  H.  Ex.  Doc.  No.  95,  Forty-fifth  Congress,  third 
session. 

The  plan  adopted  comprises  the  dredging  of  a  channel  200  feet  wide 
and  7  feet  deep  through  the  bar  at  the  mouth  of  the  river,  and  the  re- 
moval of  the  snags  and  overhanging  trees  its  entire  length.  The  Mis- 
sissippi State  charter  to  A.  A.  Green  having  been  decided  as  not  inter- 
fering with  the  prosecution  of  the  work,  bids  were  solicited  for  dredging 
at  the  mouth  of  the  river,  under  the  balance  of  the  appropriation  above 
mentioned,  and  the  appropriation  of  $14,000  made  by  act  of  Congress 
approved  March  3,  1879.  They  were  opened  on  the  10th  of  April,  1880. 
The  lowest  bidder  was  S.  N.  Kimball,  and  the  contract  was  awarded  t6 
him.  Work  is  expected  to  be  commenced  under  his  contract  about  the 
middle  of  July. 
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With  the  amount  appropriated  by  act  of  Congress  approved  June  14, 
1S80,  $20,000,  it  is  proposed  to  continue  the  dredging  through  the  bar 
at  the  mouth  of  the  river  by  contract,  provided  reasonable  bids  are 
obtained,  and  to  removing  snags  and  overhanging  trees  as  far  as  possi- 
We  by  hired  labor.  With  the  amount  asked  for  it  is  i)roposed  to  com^ 
plete  the  improvement  according  to  the  adopted  plan.  The  improve- 
ment would  not  be  permanent  in  its  character.  More  or  less  dredging 
or  snagging  would  be  required  every  two  or  three  years,  the  cost  of 
which  it  is  impossible  to  estimate  with  present  data  with  any  accuracy, 
bat  it  is  not  thought  it  would  be  large  compared  with  the  first  cost  of 
the  work. 

The  ^work  is  situated  in  the  collection  district  of  Shieldsborough,  Mississippi.    Pas- 
ogoola  is  the  nearest  port  of  entry. 

The  commerce  to  be  benefited  is  shown  by  the  following  statement 
6t>m  the  custom-house  record : 

Tonnage. 

Venelfl  entered  from  foreign  conntries 61        23,831 

Veawla  entered  coastwise 23         5,301 

Aggregate 84        29,132 

Vessels  cleared  for  foreign  countries 64        24,523 

Veosels  cleared  coastwise 37         8,407 

Aggregate 101        32,930 

Value  of  exports : 

12,704,636  superficial  feet  of  lumber $185,566  25 

296,733  cubic  feet  of  timber 38,913  92 

lOTre^te  13,001,369  valued  at 224,480  17 

]£:ellaneous  exports '    5, 268  00 

Aggregate 229,748  17 

Money  statement, 

Jaly  I,  1879,  amount  available $22,493  70 

iBoant  appropriated  by  act  approved  June  14,  1880 20, 000  00 

$42, 493  70 

July  1,  18^,  amount  expended  during  fiscal  year 69  50 

Jaljl,  1880,  amount  available 42,424  20 

iBount  (estimated)  required  for  completion  of  existing  project 11, 306  30 

ii&uant  that  can  be  profitably  expended  in  fiscal  year  euciing  June  30,  1882 .     11, 300  00 


lytmct  of  bids  received  and  opened  April  10,  1880,  for  dredging  at  the  mouth  of  the 

Fascagoula  JKtrer,  Miseieaippi. 


I 


yaune  of  bidder. 


I      ]    George  C.  Fobes  Sc  Co 
•      :    Jamem  E.  Slaughter. . 
:    S.  X.  Kimimll  


Price  per 
cubic  yard. 


Time  of  commencing  ivork. 


$0  35. 3    I  On  or  before  the  Ist  day  of 

I  July.  1880. 
33. 9      On  or  before  the  1st  day  of 

I  July,  1880. 
32.25     Within  90  days  after  the  con- 

!      tract  i»  entered  iut4>. 


Time  of  completing  work. 


On  or  before  the  Ist  day  of 
July.  1881. 

On  or  before  the  lat  day  of 
May,  1881. 

Nine  months  after  commence- 
ment of  work. 
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K  17. 

examination  of  charlotte  harbor  and  peas  creek,  florida. 

Office  of  United  States  Engineer, 

Mobile^  JLto.,  March  10, 1880. 

Sir:  An  examiDation  of  Charlotte  Harbor  and  Peas  Creek,  Florida? 
Tvas  authorized  by  act  of  Congress  approved  March  3,  1879,  and  as- 
signed to  me  by  letter  dated  April  25, 1879. 

This  examination  was  put  under  the  immediate  charge  of  Mr.  J.  L. 
Meigs,  assistant  engineer,  who,  upon  the  completion  of  the  examination 
of  the  Withla<x)ochee  River,  proceeded  to  Fort  Meade,  which  was  con- 
sidered the  highest  point  to  which  the  present  wants  01  the  trade  would 
require  any  improvement  to  be  carried.  The  field  work  was  commenced 
on  October  14,  1879,  and  continued  to  the  mouth  of  the  river,  at 
Hickory  Bluff,  an  estimated  distance  of  160  miles. 

The  examination  was  made  wilh  a  view  to  improving  the  river  for 
high- water  navigation,  lasting  about  nine  months  of  the  year. 

The  principal  work  found  necessary  is  between  Fort  Meade  and 
McClelland's  Ford,  and  consists  in  the  removal  oi  overhanging  trees 
and  snags  and  loose  rocks  from  the  rock  shoals  at  Kendriek's,  Brooker's, 
Fishtrap,  and  Fort  Hartsuff ;  comparatively  few  logs  will  have  to  be 
taken  out  below  that  point,  the  channel  being  much  wider  and  deeper. 

At  the  commencement  of  the  examination  of  this  river  heavy  rain- 
storms set  in,  and  a  rise  of  several  feet  prevented  the  woiis:  being  done 
as  accurately  as  was  desirable,  but  snthcient  data  were  obtained  for  an 
approximate  estimate  of  cost  of  improvement. 

After  completing  the  examination  of  Peas  Creek,  that  of  Charlotte 
Harbor  was  commenced.  The  principal  commerce  carried  on  in  the 
harbor  consists  in  the  export  of  cattle  to  Cuba  and  oranges  to  Cedar 
Keys. 

Vessels  drawing  8  feet  of  water  can  load  at  Knight's  Pier,  on  the 
north  shore,  about  1^  miles  below  Hickory  Bluff,  and  go  to  sea  without 
difficulty  through  Boca  Orande  Pass,  while  vessels  of  lighter  draugkt 
have  four  other  outlets,  which  they  make  use  of  according  to  prevailmg 
winds  and  draught  of  vessel. 

As  the  present  commerce  is  carried  on  by  vessels  to  suit  the  depth  of 
these  channels,  and  are  of  sufficient  capacity  to  accommodate  the  pres- 
ent wants  of  the  trade  between  Cuba  and  Cedar  Keys,  an  improvement 
of  Charlotte  Harbor  does  not  seem  to  be  required  at  present. 

The  approximate  estimate  to  make  Peas  Creek  navigable  for  light- 
draught  boats,  during  about  nine  months  of  the  year,  from  its  mouth  to 
Fort  Meade  is  $17,000,  and  should  the  work  be  authorized  I  would 
recommend  an  appropriation  of  that  amount. 

It  is  expected  that  upon  the  completion  of  this  improvement  the 
country  along  and  ac^jacent  to  the  river  will  increase  in  population,  and 
that  before  many  years  further  improvement  may  become  necessary. 

No  reliable  statistics  could  be  obtained  as  to  the  present  commerce  of 
the  river,  nor  to  what  extent  the  same  would  be  benefited  by  the  pro- 
posed improvement. 

The  report  of  Mr.  J.  L.  Mei^s  and  tracings  of  index  maps  are 
forwarded  herewith  for  detailed  information. 

Respectfully  submitted. 

A.  N.  Damrbll, 

Captain  of  Engineers, 

The  Chief  of  Enqineers,  TJ.  S.  A. 
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REPORT  OF  MR.   J.    L.    »IEIGS,   ASSISTANT  ENGINEER. 

Mobile,  Ala.,  January  25,  1880. 

Sir:  In  accordance  with  your  letter  of  InstructionB  of  August  15, 1879,  an  examina- 
tioo  wad  made  of  *Hhe  best  approaches  to  the  mouth  of  Peas  Creek  from  Gasparilla 
Pass  and  Boca  Grande;  the  best  approaches  to  Punta  Rosa  fi'om  Boca  Grande  and 
Boca  Ciega,  and  the  best  route  from  the  mouth  of  the  Caloosahatchee,  alon^  the  east 
ihore  of  Charlotte  Harbor,  to  the  mouth  of  Peas  Creek.''  The  appropriation  being 
lanited,  it  was  decided  to  examine  the  more  important  lines  of  communication  first. 

1  would  reopectfully  submit  the  following  rei>ort  on  examination  of  Charlotte  Har- 
bor and  Peas  Creek,  Florida : 

PEAS  CREEK,   FLORIDA. 

The  party  sailed  from  Cedar  Keys  for  Tampa  on  October  8,  1879,  and  arrived  on  the 
10th.  After  procuring  supplies  and  means  of  transportation,  the  march  thence  to 
Fort  Meade,  in  Peas  Creek,  was  begun  October  14.  Progress  was  much  impeded  by 
keayy  rains,  high  streams,  submerged  lowlands,  and  a  broken  bridge;  so  it  was  not 
imtil  October  20  that  we  arrived  at  Fort  Meade  Ferry. 

With  great  difficulty  the  necessary  lumber  was  obtained  for  building  a  skiff  3^  by 
14  fset,  and  a  flat-uoat  8  by  20  feet,  for  the  purposes  of  the  examination.  There  was 
DO  sawmill  in  operation  in  that  region,  and  it  was  only  through  the  zealous  help  of 
the  citizens  that  we  succeeded  in  building  the  boat«. 

Fr^aent  heavy  rains  fell  during  the  building  of  the  boats  and  after  our  departure 
from  Fort  Meade^  not  terminating  until  October  31,  after  which  the  weather  oecame 
fair  and  settled.  At  Fort  Meade  the  river  was  seven  feet  higher  than  ordinary  low- 
water  stage,  and  throughout  the  entire  examination  we  labored  under  the  very  great 
disadvantage  of  searchiug  for  submerged  shoals  and  obstructions.  The  situation  of 
the«e,  however,  with  reference  to  sections  and  townships,  was  ascertained  from  Mr.  J. 
E.  Roberson,  county  sur\'eyor  of  Polk  County,  and  from  citizens  long  resident  in  the 
region  bordering  on  the  river,  and  who  had  opportunity  for  many  years  of  seeing  and 
examining  the  river  at  all  stages  of  the  water.  Information  was  also  obtained  m  re- 
gard to  the  material  of  the  river-bed  at  the  different  shoals,  the  height  of  the  usual 
rammer  water,  obstructions  from  submerged  rocks  and  accumulations  of  logs,  and 
from  sand-bars.  Added  to  this  are  the  facts  ascertained  by  constant  soundings  and 
ob^rvations  of  dillerent  channels,  varying  width,  and  obstructions  from  overhanging 
tiees  and  limbs. 

The  result  of  these  inquiries  and  of  the  examination  are  presented  in  tabular  form, 
lor  convenient  reference,  as  follows: 
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It  shonld  be  remtirked  that  the  distance  from  point  to  point  given  in  the  preceding 
tabalsr  statement  from  meamirements  made  on  the  plats  of  the  government  land  sor- 
Teys  do  not  correspond  with  the  actual  distances  between  these  points.  Observation  • 
has  shown  in  the  cases  of  Withlacoochee  River  and  Peas  Creek,  that  the  meander- 
ings  of  these  streams  are  very  inaccurately  represented  in  these  plats,  and  that  the 
ftctnal  distances  between  points  are  from  2  to  2^^  times  greater  than  they  appear  on 
tbe  land  plats.  This  mnst  be  borne  in  mind  in  fiitnre  efl^rts  to  identify  localities  here 
spoken  of.  The  position  of  a  submerged  shoal  on  a  section  is  given  as  accurately  as 
the  information  and  soundings  enabled,  but  the  distance  of  its  position  from  a  eiven 
VMmdary  of  the  section,  as  measured  on  the  map  along  the  river  course,  wUl  be  found 
nach  less  than  the  truth. 

Peas  Creek  (Talakchopko,  Hatchee,  or  Peaseating  Creek)  rises  in  the  northeastern 
part  of  township  30  south,  range  26  east,  and  flows  northwestward  and  westward  to 
the  middle  of  section  33^  townsnip  29  south,  range  25  east,  where  it  makes  a  junction 
vith  Saddle  Creek,  flowing  southeastward  from  Lake  Hancock.  Thence  its  course  is 
southwest  to  Hickory  Bluff,  where  it  empties  into  Charlotte  Harbor,  making  about  15 
miles  of  westing  and  66  miles  of  southing.  It  is  fed  by  numerous  lakes  in  the  central 
part  of  Polk  County.  The  principal  tributaries  in  the  east  are  Little  Charley,  Tsala- 
apopka,  Josh,  and  Prairie  creeks ;  and  on  the  west,  Saddle,  Whitten,  and  Chiloco- 
katchee  creeks.  Besides  these  streams,  wide  areas  of  swamp  and  hammock  lauds 
immediately  bordering  the  river,  and  of  the  more  elevated  adjacent  pine  lands,  are 
covered  during  the  rainy  season  in  Jul^  and  August  with  shallow  pools  of  water, 
which  is  discharged  for  the  most  part  into  Peas  Creek.  The  stream  therefore  ex- 
hibita  much  variation  in  its  stages  of  water,  the  range  between  extremes  at  Fort 
Meade  being  about  17  feet. 

According  to  the  most  reliable  information,  it  will  be  safest  to  regard  the  period  of 
low-water  as  extending  from  January  1  to  July  1,  during  which  time  the  river  could 
not  be  regularly  navigated  by  vensels  of  2  feet  draught.  At  its  lowest  stage  the  stream 
in  the  channels  around  the  bends  contracts  to  a  mere  thread  of  water,  while  on  the 
few  rock  and  sand  shoals  that  extend  acrosn  the  channel  from  bank  to  bank  the  water 
covers  the  entire  river  bed,  but  is  too  shallow  to  carry  a  skiff  drawing  even  6  inches. 
Xavij^tion  must  at  such  times  be  suspended,  as  on  most  of  the  rivers  of  the  South 
and  West.  There  is,  however,  a  very  general  agreement  in  opinion  among  old  resi- 
dents that  the  river  can  be  constantly  navigated  by  vessels  of  14  to  24  inches  draught 
during  the  six  months  following  the  beginning  of  the  rainy  season,  but  in  order  to  do 
this  overhanging  trees  and  limbs  that  would  obstruct  passing  vessels  must  be  re- 
moved from  the  banks,  and  all  masses  of  rock,  snags,  ancl  accumulation  of  logs  must 
be  taken  from  the  channel.  To  this  extent  it  is  respectfully  recommended  that  the 
navigation  of  Peas  Creek  be  improved. 

In  years  of  unusual  rainfall,  like  1878  and  1879,  such  vessels  might  ply  regularly 
Wtween  Hickory  Bluff  and  Fort  Meade  during  nine  months  of  the  year. 

While  many  believe  that  Peas  Creek  can  be  rendered  navigable  m>m  Hickory  Bluff 
to  Barton,  yet  the  general  conviction  is  that  the  wants  of  the  country  will  be  satisfied 
\tj  opening  to  navigation  to  Fort  Meade.  The  more  valuable  lands  for  agricultural 
porpoees  be  along  the  river,  and  the  bulk  of  the  population  engaged  in  agriculture  is 
fettled  there.  Elsewhere,  on  both  sides  of  the  river,  the  population  is  sparse,  and  en- 
gaged chiefly  in  cattle  raising.  There  are  many  plantations  of  orange  trees  in  Polk 
and  Manatee  counties  within  easy  distance  of  the  river,  the  produce  of  which  cannot 
be  hauled  to  Tampa,  Manatee,  or  Hickory  Bluff  for  export,  but  must  have  outlet  by 
Peas  Creek  to  Hickory  Bluff.  Thence  to  the  Gulf,  by  way  of  Charlotte  Harbor  and 
Boca  Grande,  navigation  by  vessels  of  8-feet  draught  is  constant  and  unobstruuted. 
Through  this  channel  of  communication,  then,  not  only  could  the  yield  of  the  numer- 
•os  orange  groves  be  sent  to  a  market  economically,  but  the  people  could  obtain, 
dieaply  ancTcertainly,  their  necessary  supplies  of  goods  and  groceries. 

The  greater  part  of  the  worlt  of  improvement  must  be  done  on  the  upper  river,  be- 
tween Fort  Meade  and  McClelland^s  Ford.  This  part  of  the  river  being  comparatively 
narrow  and  crooked,  the  obstructions  from  overhanging  trees,  and  from  accumulation 
4f  logs  in  the  channel,  is  greater  than  on  the  lower  river.  Here,  also,  the  four  rt>ck 
idboaln  occur,  Kendrick's,  Brooker's,  Fishtrap,  and  Fort  Hartsuff.  Their  beds  are  com- 
posed of  soft  limestone  rocks,  lying  ragged  and  detached,  or  separated  by  crevices 
rmnning  in  all  directions.  The  masses  are  generally  much  less  than  a  cubic  yard  in 
Tolome,  and  are  easily  removable  by  the  use  of  crowbars  and  sledges.  At  the  extreme 
kw  stage  the  water  runs  in  rivulets  between  the  rocks.  These  being  removed  and  so 
disposed  of  as  to  confine  the  stream  to  a  single  channel,  the  navigation  of  the  rock 
ihoals  will  be  relieved  of  all  danger  during  the  high- water  period,  and  the  denth  will 
%e  as  great  as  can  be  obtained  without  a  resort  to  more  costly  work,  which  ttif  pivs- 
fst  needs  of  the  country  do  not  justify.  It  is  much  regretted  that  during  our  exaini- 
lation  high-water  rendered  impossible  a  careful  survev  of  these  four  shoals,  au  an 
tccarate  estimate  of  the  cost  or  removing  the  detached  and  projecting  rocks  that  are 
sattered  over  their  beda 
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The  accompanying  estimate  is  only  approximate,  but,  it  is  believed,  will  be  a  safe 
guide  to  a  first  appropriation  for  rendering  the  river  navigable  during  the  half  year 
following  the  setting  in  of  the  rainy  season. 

In  the  lower  river,  between  McClelland's  Ford  and  Hickory  Bluffs,  there  are  no  rock 
shoals,  though  many  embedded  logs  must  be  removed  from  the  channel  between  the 
mouth  of  Tsala-apopka  Creek  and  Johnson's  Ferry  (situated  on  the  northwest  quarter 
of  section  G,  township  39  south,  range  24  east). 

The  most  serious  difficulty  to  navigation  is  Hughes's  Bar,  lying  at  the  head  of  the 
estuary  of  the  river.  This  is  a  sand-bar  over  which,  at  high  tide,  vessels  of  6-feet 
draught  now  pass,  landing  freights  for  Fort  Ogden  at  the  uead  of  Hunter's  Creek. 
Though  this  bar  would  require  dredging  to  allow  of  the  passage  of  such  vessels  at 
lower  stages  of  the  tide,  yet  the  traffic  does  not  instify  the  improvement  at  presents 

The  following  is  an  approximate  estimate  of  the  cost  of  the  proper  improvement : 

Estimate  of  the  cost  of  improving  ike  navigation  of  Peas  Creek. 


T! 

• 

Quantities  and  price. 

Cost  of 
work. 

Division  of  1 

Rock  exca- 
vation. 

Banks    to  be 
cleared  of  over- 
hanginjc    trees, 
Sec. 

Snags  to  be  re- 
moved. 

Bemarks. 

I 

n 
m 

Cubic  yds. 
4, 066  at  $1 
1,071  at  $1 

Liruar  feet. 

55, 825  at  1^  cento 

4, 900  at  ll  cento 

10, 850  at  H  cento 

3, 600  at  l|  cents 

50  at  1*  cents 

400  at  li  cents 

114  at  $10 
10  at  $10 

112  at  $10 
38  at  $10 
29  at  $10 
32  at  $10 
52  at  $10 
6  at  $10 

$6,043  37 
1,334  50 

1, 282  75 
434  00 
290  75 
326  00 
520  00 
60  00 

This  includes  the  cost  of  remov- 
ing a  projecting  ledge  of  rock  1 
mfle  above  Fidntrap  ShoaL 

IV 

V 

VI 

vn 

VIII 

IX 

I-VII 

Accumulation 
of  logs  in  bed 
of  river,  visi- 
ble   at    low- 
water,  180  in 
number, 
geucies 

3,600  00 
2,  778  27 

The  number  of  these  accnmn- 

Add  for  en, 
Total 

l^neering  and  contin 

lations  is  given  upon  the  au- 
thority of  persons  who  had 
descended  the  rhrer. 

I 

16,669  64 

CHARLOTTE  HARBOR,   FLORIDA. 

Preparations  for  the  work  were  made  immediately  after  the  completion  of  the  Peas 
Creek  examination  on  November  6,  1879.  It  was  determined  to  mark  the  more  im- 
portant channels  by  substantial  stakes,  which  would  not  only  be  useful  as  signal  poles 
in  determining  the  position  of  the  channels,  but  would  prove  a  great  aid  to  the  navi 
gation  of  the  harbor.  The  schooner  Jimmie,  commanded  by  Capt.  W.  D.  Collier,  was 
ciiartered,  both  the  kind  of  service  and  the  seas  sometimes  encountered  in  the  harbor 
requiring  a  more  substantial  vessel  than  an  open  sail-boat.  A  supply  of  pine  poles 
measuring  from  5  to  8  inches  in  diameter  and  20  feet  in  length  was  taken  on  board, 
and  the  vessel  sailed  from  Hickory  Bluff  on  November  10  to  begin  the  work. 

From  Hickory  Bluff  to  Boca  Grande. — About  one-third  of  a  mile  east  of  the  west  line 
of  section  25,  township  40  south,  range  22  east,  and  on  the  north  shore  of  the  estuary 
of  Peas  Creek,  is  Knight's  Pier,  a  pile-work  1,940  feet  long,  built  for  the  shipment  or 
cattle.  This  place  is  commonly  called  Hickory  Bluff,  though  the  latter  is  situated  If 
miles  above  it  on  the  same  shore.  About  2,500  cattle  are  annually  exported  from  this- 
point  to  Cuba  in  schooners  of  8-feet  draught,  carrying  cargoes  of  150  to  200  cattle 

each. 

Schooners  of  6-feet  draught  also  ply  between  Hickory  Bluff  and  Cedar  Keys.  These 
vessels  nsnally  pass  a  mile  westward  of  Punta  Gorda,  about  2^  miles  southeastward 
of  Cape  Hayes,  and  thence  steer  directly  to  Boca  Grande.  The  depth  of  water  at  the 
head  of  Knight's  Pier  is  7  feet  at  mean  low  tide,  though  8  feet  might  be  obtained  by- 
extending  the  pier  280  feet  farther.  Such  vessels  can  easily  reach  the  pier  when  light, 
but  usually  load  and  depart  at  high  tide.  With  this  exception,  the  cattle  vessels 
experience  no  difficulty  in  the  navigation  between  Hickory  Bluff  and  Boca  Grande, 
even  at  low   stages  of  the  tide.      The   edge  of   the  sand-bar   extending    south- 
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eastward  from  Cape  Hayes  was  first  traced  by  carefiil  soundings,  and  a  pole  marking 
the  sontheast  ]>oint  of  the  bar  was  set  in  water  7  feet  deep  at  mean  low  tide.  This 
pole  bears  from  the  cape  south  34°  10'  east  (true),  and  is  distant  1.95  miles.  Snbse- 
qnently  the  sand-bar  off  the  shore  of  Punta  Gorda  was  sounded,  and  a  stake  marking 
its  eastern  edge  was  set,  bearing  south  87°  5'  west  (true)  from  the  extreme  western 
point  of  Punta  Gorda,  and  distant  2,916  feet.  The  depth  of  water  here  is  11  feet.  No 
other  stakes  were  found  necessarj'  on  the  route,  and  the  whole  was  then  carefully 
sounded. 

The  depths  from  the  head  of  the  Hickory  Bluff  pier  to  the  Punta  Gorda  stake  range 
from  7  to  11|  feet  at  mean  low-water ;  thence  to  the  stake  off  Cape  Hayes  from  7  to  19 
feet ;  and  thence  to  the  middle  of  Boca  Grande  entrance  from  7  to  50  feet.  It  should 
be  added  that  the  7  feet  depth  last  given  was  found  near  the  Cape  Hayes  stake. 
There  is  ample  depth  of  water  in  the  usual  track  of  vessels  one-half  mile  eastward  of 
the  stake.  Two  buoys  might  be  placed,  one  off*  Cape  Hayes  and  the  other  off  Punta 
Gorda,  but  no  dredging  or  other  engineering  work  is  required  in  the  approach  to  the 
mouth  of  Peas  Cre^  uom  Boca  Grande. 

From  Boca  Grande  to  Punta  Rom, — Next  in  impoL"tance  is  the  line  from  Boca  Grande 
to  Punta  Bosa.  A  schooner  of  6-feet  draught  plies  regularly  between  Cedar  Keys, 
Pnnta  Rosa,  and  Fort  Myers,  and  others  make  occasional  trips.  In  good  weather, 
when  going  south,  they  usualJy  pass  by  Boca  Grande,  coast  along  the  west  shores  of 
Captiva  and  Sanibel  islands,  double  the  southeast  extremity  of  the  latter,  and  thus 
approach  Punta  Rosa.  But  when  the  weather  is  threatening  they  enter  Boca  Grande 
and  follow  the  east  coast  of  La  Costa  Island,  hugging  Punta  Blanco ;  thence  they  pass 
between  Useppa  and  Palmetto  islands,  and  steer  to  a  point  1  mile  east  of  Boca  Cap- 
tiva, thence  to  a  point  midway  between  Loggerhead  and  Sanibel  islands ;  thence  they 
enter  the  sound  between  Sanibel  and  Pine  islands,  following  a  somewhat  tortuous 
channel  to  a  point  1  mile  west  of  the  southeast  extremity  of  Sanibel  Island,  whence 
their  course  is  northeastward  to  Punta  Rosa.  By  this  route,  too,  these  vessels  gener- 
ally return  from  Punta  Rosa  to  Cedar  Keys,  and  always  do  in  bad  weather,  t£e  sea 
being  comparatively  safe.  This  route  is  sometimes  followed  also  by  schooners  carry- 
ing to  Cuba  the  produce  of  mullet  fisheries,  established  and  carried  on  by  Cubans; 
one  on  the  northeast  shore  of  La  Costa  Island,  within  half  a  mile  of  Boca  Grande,  and 
the  other  on  the  northeast  shore  of  Captiva  Island  near  Boca  Captiva.  These  schooners 
are  from  3  to  4  feet  draught,  and  find  abundant  water  at  low  tide. 

This  line  was  carefully  examined  by  numerous  soundings,  made  both  from  the  deck 
of  the  schooner  and  in  small  boats,  with  a  view  to  find  the  edges  of  the  channel. 
These  were  then  marked  by  occasional  stakes  set  alternately  on  the  starboard  and 
port  sides  of  the  channel.  We  then  sailed  over  the  entire  line  fibm  Boca  Grande  to 
Pnnta  Rosa,  sounding  at  regular  intervals,  as  far  as  possible,  on  a  course  taken  midway 
between  the  stakes.  Though  the  channel  is  somewhat  tortuous,  yet  there  is  sea-room 
for  tacking  when  necessary.  Masters  of  vessels  had  complained  of  shallow  water  op- 
poeite  Boca  Ca^itiva  and  Boca  Ciega,  being  sometimes  obliged  to  await  high  tide  be- 
fore they  could  pass  these  places.  Much  time  was  spent,  therefore,  in  searching  for 
channels  in-  the  desired  direction  across  the  long  and  wide  sand-bars  formed  at  these 
places  by  the  inflowing  gulf  tide.  The  effort  was  so  far  successful  that  vessels  follow- 
mg  the  line  indicated  by  the  sailing  stakes  will  be  subject  to  much  less  delay  than 
formerly.  The  chief  difficulty  is  encountered  1|  miles  northeast  of  the  north  extremity 
of  Logfferhead  Island,  where  for  the  space  of  a  square  mile  or  more  the  bed  of  the 
ehflOinei  is  interspersed  with  lumps  or  small  hillocks  varying  from  25  to  50  feet  in 
diameter,  and  elevated  from  1  to  1^  feet  above  the  general  level  of  the  bottom.  It 
may  be  necessary  in  the  future  to  dredge  the  channel  here  for  2  miles  to  the  depth  of 
2  feet,  but  the  present  traffic  does  not  justify  any  expenditure  on  any  part  of  the  line. 

It  would  be  well  to  renew  four  years  hence  the  present  sailing  stakes,  substituting 
for  the  pine  post  the  more  durable  cabbage  palmetto  logs.  This  should  not  cost  more 
than  $300. 

The  positions  of  the  channel-stakes  were  obtained  by  their  bearings  from  headlands 
md  other  prominent  points,  situated  on  either  side  of  the  route.  These  bearings  laid 
down  on  Coast  Survey  Chart  No.  75,  determined  by  their  intersections  the  places  of 
the  stidces.  No  other  mode  could  be  pursued  within  the  time  that  could  be  devoted 
to  the  work. 
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The  soundiDgs  and  the  distances  between  the  stakes  are  succinctly  shown  in  the 
following  table : 


Ko8.  of  stakes. 

3 

MiUi. 
L80 
.20 
.17 
.42 
.83 
.32 
.21 
.12 
.27 
.41 
.58 
.29 
.09 
.80 
.76 
.38 
.21 
.50 
.28 
.25 
.19 
.36 
.20 
5.97 
.29 

.44 

1.89 

L62 

.60 

.43 

.98 

.85 

L17 

1.19 

1.29 

1.43 

.87 

1.48 

Extreme 
soundings. 

Remarks. 

Boca  Grande  to  1. 
1  to   2 

Feet. 
8     to29 
7i  to  8 
a2to  a4' 
a4to  9.4 
a  2  to  11. 2 

9. 4  to  11. 9 
9.4toll.2 

10. 2  to  10. 9 
1L2 

a  4  to  10. 9 
10. 7  to  13. 4 

9. 5  to  11. 5 
8i  to  8^ 
6|   to  8 
a  3  to  7| 
7     to  9 
6i  to  a8 
a8toll 
7|   to   9| 
6     to   9 

6  to   8 
7. 8  to   a  5 

7  to  9.5 
6^   to  10. 8 
5}   to   7i 

6|   to  11.  3 
a  4  to  13. 4 

a9toia4 

10. 7  to  14.  2 
15.  2  to  20. 2 
15. 2  to  21. 2 
17. 7  to  la  2 
11. 4  to  la  4 
9. 4  to  18. 4 
14. 4  to  21. 4 
14.4to20.4 
10. 4  to  20. 4 
10.  4  to  20. 4 

Measurement  begins  from  a  point  in  Boca  Grande  entrance 
abreast  of  the  northern  Point  of  La  Costa  Island.  The 
soundings  are  mean  low- water  depths. 

2to   3 

3to   4 

4  to   6 

6to   5 

5to   7 

7to   8 

8  to   9 

9tol0 

10  to  11 

lltol2 

12  to  13 

18  to  14 

14  to  15 

15  to  24 

24  to  23 

23  to  17 

17  to  18 

18  to  22 

22  to  19 

19  to  21 

21  to  20 

• 

20  to  40 

40  to  39 

Stake  No.  39  is  1}  miles  northeast  of  northern  extremity  of 
Loggerhead  Island. 

39  to 25 

25  to  86 

36  to  35 

35  to  34 

34  to  33 

33  to  32 

82  to  31 

• 

31  to  30 

30  to  20 

29to28    

28  to  26 

26to27 

, 

27toPuDtaRosa. 

From  Boca  Grande  to  Punta  Rosa  is  29.14  miles. 

From  Boea  CapHva  to  Punia  Rosa, — ^Boca  Oaptiva  is  never  entered  by  ressels  suiling 
from  Cedar  Keys  or  other  Gulf  ports  to  Punta  Rosa.  In  good  weather  they  eoaet 
lUong  Captiva  and  Sanibel  islands,  as  before  remarked,  and  turn  the  eastern  extrem- 
ity of  Sanibel.  In  stormy  weather  it  is  hazardous  to  attempt  to  enter  Boca  Oaptira 
from  the  Gulf  on  account  of  two  long  sand-spits,  corerod  by  shallow  water,  whioh 
make  out  from  the  south  end  of  La  Costa  Island  and  the  niorth  end  of  Captiva  Jshuid, 
the  former  in  a  southwest  direction  for  1^  miles  and  the  latter  in  a  west-northwest 
direction  for  about  1  mile.  The  channel  pursued  by  vessels  entering  or  leaving  follows 
the  edge  of  the  La  Costa  spit  moro  nearly  than  the  edge  of  the  other.  Within  the 
pass  itself,  between  its  head  and  outlet,  the  water  varies  £rom  17  to  S9  fdet  in  depth 
at  mean  low  tide. 

Between  the  outlet  and  the  bar,  a  distance  of  \^  miles,  the  depth  decreases,  and  is 
12  feet  on  the  bar.  Thence  it  increases  to  3  fathoms,  at  the  distance  of  1^  miles  west 
of  the  north  extromity  of  Captiva  Island.  Between  the  head  of  the  pass  and  sailing- 
titake  No.  21  (on  the  Boca  Grande-Punta  Rosa  route)  the  depths  of  water  vary  from 
6i  to  19  feet  at  mean  low  tide.  A  vessel  drawing  6  teet  can,  theroforo,  readily  enter 
Boca  Captiva  in  moderate  weather,  and  proceed  by  the  harbor  route  to  Punta  Rosa. 
This  pass,  however,  is  only  used  by  fishing  schooners,  not  exceeding  5  feet  draught, 
whicn  touch  at  the  fishing  station  on  the  northeast  coast  of  Captiva  Island.  The  ac- 
companying tracing  shows  the  track  of  vessels  entering. 

From  Boca  Ciega  to  Punta  Rosa, — The  fisuro  of  Boca  Ciega  has  recently  undergone  a 
change,  so  that  it  is  no  longer  a  ^^  blind  pass,"  but  the  opening  from  the  Gulf  into 
the  harbor  is  plainly  visible  as  you  sail  past  it  in  coasting  along  the  Captiva  and 
Sanibel  islands ;  formerly  the  southern  extremity  of  the  former  island  projected  in  a 
southeasterly  direction  past  the  northwestern  extremity  of  the  latt«r.  the  two  islands 
being  separated  by  a  water  passage  varying  in  width  from  500  to  1,200  feet.  From  the 
entrance,  the  pass  boro  northwest  by  north  for  |  of  a  mile,  and  thence  north-north- 
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tMft  for  If  miles  to  its  Junotion  with  Charlotte  Harbor.  Bat  now  the  sea  has  made  a 
breach,  400  feet  wide,  across  Captiva  Island,  and  has  silted  ap  the  sontheni  branch  of 
the  old  pass,  thus  uniting  the  severed  part  of  Captiva  with  Sauibel  Island. 

The  present  approach  of  Boca  Ciega  from  the  Gulf  lies  between  two  sand-spits, 
making  ont,  the  one  from  the  northwest  extremity  of  Sanibel  Island,  and  the  other 
fiom  the  southwest  extremity  of  Captiva  Island.  The  former  laps  past  the  latter 
shout  600  feet  in  a  west-southwest  direction,  and  the  two  are  not  more  than  300  feet 
spart  at  the  narrowest  part  of  the  channel.  Just  before  entering  this  outer  pass,  and 
sbreast  of  the  extremity  of  the  south  spit,  there  is  a  depth  of  2^  fathoms.  Thence  to 
the  month  of  the  inner  pass  the  depths  vary  from  6  to  16  feet,  and  thence  to  the  head 
of  the  pass,  in  the  general  direction  north-northeast,  from  6  to  13  feet.  Here  the 
channel  lies  close  to  the  north  extremity  of  Sanibel,  and  proceeds  thence  along  the  north- 
east shore  of  that  iriand  for  j  of  a  mile  in  the  direction  of  the  north  extremity  of  Log- 
gerhead Island,  abruptly  terminating  against  a  long  and  wide  sand-bar,  which  lies 
between  the  head  of  Boca  Ciega  and  the  Boca  Grande-Punta  Rosa  Channel.  Across 
this  bar  no  passage  could  be  found  in  any  direction  deeper  than  m  feet  at  mean  low- 
water,  though  at  nigh  tide  vessels  of  3  to  3^  feet  draught  might  cross  it  and  make 
connection  with  the  route  to  Punta  Rosa.  North  of  Boca  Ciega  and  east  of  Captiva 
Island  lie  three  islands,  the  largest  of  which  is  called  Buck  Island.  Between  these 
iaUknds  and  Captiva  is  a  strait  varying  from  90  feet  to  f  mile  in  width.  This  was 
carefully  sounded,  and  a  channel  was  traced  to  a  point  about  one  mile  northward  of 
Back  ]^*nd,  and  close  to  the  Captiva  shore.  The  depths  in  this  channel  vary  fi*om 
3^  to  8.7  feet  at  mean  low-water,  and  from  its  northern  extremity  a  vessel  sailing 
eastward  can  find  entrance  into  the  Boca  Grande-Punta  Rosa  Channel,  upon  depths 
Tiding  from  3.2  to  5.7  feet. 

Tarongh  Boca  Ciega,  therefore,  no  vessels  of  greater  draught  than  3  feet  can  pass 
from  the  Gnlf  into  Charlotte  Harbor,  except  at  high  tide  and  by  tortuous  channels 
difficult  to  be  followed.  Indeed,  it  is  rarely  ever  used,  and  then  only  by  small  sloops 
and  sail-boats.  It  cannot  be  entered  in  st'Ormy  weather,  and  merits  no  expenditure 
whatever. 

Dnom  ike  wtouth  of  CalooBokaUikee  Bwer  to  Peas  Creek. — ^The  passage  of  water  sepa- 
ratini^  Pine  Island  from  the  mainland  on  the  east  is  called  Metlochat  Sound..  Its 
iho>ree  are  fringed  with  numerous  islands,  the  largest  of  which  lies  closely  against . 
Fine  Island,  about  midway  between  its  northern  and  southern  extremities,  and  meas- 
ures 4|  by  2^  miles  in  extent.  The  width  of  the  sound,  east  and  northeast  of  this 
island,  is  contracted  to  about  1^  miles,  and  here  also,  for  a  distance  of  7  miles,  the 
sound  is  obstructed  by  numerous  islands  and  oyster  bars.  The  upper  and  lower  sound 
are  much  leas  obstructed  by  islands  and  afford  deeper  water  than  the  middle  part. 

A  channel,  having  ample  depth  at  mean  low- water  for  vessels  of  6  or  7  feet  draught, 
may  be  entered  about  |  mile  southward  of  Punta  Rosa,  thence  it  runs  west-northwest 
i  north  between  Fisherman's  Key  and  the  southeast  extremity  of  Pine  Island,  and 
traTeraes  the  lower  sound,  everywhere  within  f  mile  of  the  eastern  shore  of  the  island. 

The  continuation  of  tms  channel  through  the  middle  sound  is  extremely  tortuous, 
ind  nnnavigable  at  mean  low- water  by  vessels  of  more  than  2  feet  draught.  Indeed, 
the  Punta  Koea  Hickory  Bluff  mail  boat,  a  small  sloop  drawing  1  foot  of  water,  the 
only  vessel  regularly  navigating  this  part  of  the  sound,  sometimes  finds  difficulty,  at 
low-water,  in  avoiding  the  oyster  and  sand  bars.  Ample  depth  for  vessels  of '6  feet 
draught  is  found  in  the  upper  sound,  the  channel  for  the  most  part  lying  midway  be- 
tween Pine  Island  and  the  mainland. 

Schooners  of  3  feet  draught  have  sailed  through  Metlochat  Sound  on  several  occa- 
taanm,  but  only  with  favorable  winds  and  at  high  tides.  It  is  only  navigated  by  the 
odl-boats  of  a  few  families  living  on  its  eastern  snore,  who  procure  their  supplies  from 
Punta  Rosa  and  Fort  Myers.  No  expenditure  for  dredging  any  of  its  channels  would 
be  joatified  by  the  present  trade. 

An  extensive  sand-bar  lies  off  the  mouth  of  the  Caloosahatehee  River.  Aeross  this 
bax,  iu  the  direction  from  Sword  Point  (called  also  Punta  Blanco)  to  Fisherman's 
Key^  not  more  than  1  foot  of  depth  exists  at  mean  low  tide.  Vessels  of  greater 
draught  than  this,  when  sailing  from  the  mouth  of  the  Caloosahatehee  to  Hickory 
Blna,  uanally  pursue  the  Punta  Rosa-Boea  Grande  ronte  to  stake  No.  15,  northeast 
of  Boca  Captiva.  From  this  point  they  follow  a  channel,  affording  6  feet  of  water,  in 
the  direction  north  i  east,  passing  between  Patricio  and  Bird  islands,  until  directly 
eaat  of  the  northeast  extremity  of  the  former  island,  thence  a  course  northeast  by 
north  i  north  g^ves  a  sufficient  depth  of  water  across  the  great  sand-bar  lying  north- 
wiat  of  Pine  Island,  and  brings  the  vessel  within  sight  of  the  Cape  Hayes  stake. 

#VMa  Oa£fparUla  Pas$  to  Bideary  Bluff,— Through  Gasparilla  Pass  schooners  of  4  feet 
dcaa^ht  can  find  entrance  into  the  northwest  angle  of  Charlotte  Harbor  from  the 
Gulf  of  Mexico.  A  sand-bar  projecting  in  all  directions  from  the  north  extremity  of 
GasfMuilla  Island  g^ives  shape  to  the  cliannel,  which  approaches  the  pass  from  the 
•oath west,  and  on  entering  hugs  its  north  shore.  Thence  its  course,  confotmmg  to 
that  of  the  sand-bar^  veen  to  the  southeast  until  when  a  vessel  is  dne  east  of  the  hea«V 
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of  Gasparilla  Island  it  is  distant  from  it  about  1^  miles.  From  this  point  a4 
-ward  tne  oliannel  lies  about  midway  between  Grasparilla  Island  and  the  asseni 
islands  situated  east  of  it.  Pursuing  this  channel  to  a  point  abreast  of  th^ 
extremity  of  Gasparilla  Island,  a  vessel  may  thence  coast  along  the  island  1 
Grande,  or  direct  her  course  to  Cape  Hayes. 

Outside  of  Gasparilla  Pass  ^  mile  the  water  is  15  feet  deep,  and  thence  dec 
30  feet  in  the  pass.  A  mile  further,  following  the  channel  above  described,  tU 
shoals  to  5  feet,  and  thence  to  Boca  Grande,  or  to  Cax>e  Hayes,  a  vessel  os 
draught  will  find  a  sufficient  depth  everywhere. 

Gasparilla  Pass  is  seldom  entered  except  by  vessels  enga^d  in  mullet-fial 
the  northwest  part-  of  the  harbor,  and  never  by  vessels  saiung  from  a  Gulf  \ 
Hickory  Bluff.  No  appropriation  should  be  made  for  the  improvement  of  thin' 
its  connecting  channels. 

It  is  proper  to  add  that  Gasparilla  Pass  and  the  inside  channel  thence  t 
Grande,  as  also  the  central  part  of  Metlochat  Sound,  were  not  sounded  by  us  fi 
of  time,  the  appropriation  forbidding  a  continuance  of  the  work.  The  infon 
given  is  derived  from  the  masters  of  vessels  long  acquainted  with  these  cha 
whose  independent  statements  agree  with  each  other,  and  are  doubtless  correct 

The  population  of  the  islands  and  eastern  shore  of  Charlotte  Harbor  is  scant^ 
extreme.    Not  more  than  twelve  persons  live  on  the  islands,  and  a  few  farailic 
on  the  shore  between  Punta  Gorda  and  the  mouth  of  Caloosahatchee  River, 
sole  lucrative  industries  at  present  carried  on  are  cattle  raising  and  the  harlxK 
eries,  the  latt«r  being  almost  exclusively  in  the  hands  of  Cubans.    Orange  gtt 
is  increasing  in  importance,  though  the  groves  are  yet  too  young  for  a  great  pV 
tion.    The  cattle  oi  this  region  are  shipped  exclusively  to  Cuba,  either  from  Hh 
Bluff  or  from  Punta  Rosa.    The  vessels  navigating  the  harbor  are  acoommodati 
its  channels,  and  are  of  sufficient  capacity  for  tne  present  business,  and  for 
increase  of  business  that  may  be  reasonably  anticipated.    No  improvement  of  hi 
or  passes,  therefore,  is  now  required. 

Much  credit  is  due  to  Capt.  W.  D.  Collier,  of  Fort  Myers,  our  pilot,  whose  knowl 
of  the  harbor  and  its  channels  proved  to  be  minute  and  exact.  Thanks  are  alstf 
to  the  rodmen,  A.  T.  Smith,  W.  £.  Dootch,  and  A.  K.  Meigs,  who  labored  efflciC 
throughout  the  examiAation. 

Very  respectfully,  your  obedient  servant, 

J.  L.  Meigs, 

A89i8tant  EnffinM 

Capt.  A.  N.  Damrell, 

Corp$  of  EngineerBf  U,S,  A, 


K  i8. 

examination  of  withlacoochee  river,  florida. 

Office  of  United  States  Engineer, 

Mobile,  Ala.,  March  6, 1880. 

Sir:  By  act  of  Congress  approved  March  3, 1879,  an  examination  i 
the  Withlacoochee  Eiver,  Florida,  was  authorized,  and  was  assigned  i 
me  by  letter  dated  April  25, 1879. 

This  examination  was  made  by  Mr.  J.  L.  Meigs  as  assistant  engineer 
iiXK>n  whose  report  I  have  the  honor  to  submit  the  following: 

The  examination  was  commenced  at  Hayes's  Ferry,  the  higjhest  poin 
to  which  any  improvement  is  at  present  considered  expe^ent.  Tbt 
improvement  from  this  point  to  the  mouth  of  the  river  would  relieve  thi 
present  difficulty  of  getting  the  produce  of  Marion,  Sumter,  and  Her- 
nando counties  to  a  market,  and  supplying  the  inhabitants  with  mef^ 
ehandise  and  provisions  at  a  reasonable  expense. 

When  the  surveying  party  arrived  at  Hayes's  Ferry,  the  river  waa 
about  6  feet  above  its  lowest  stage  and  the  examination  had  to  be  car- 
ried on  under  this  disadvantage ;  sufficient  data,  however,  were  obtained 
upon  which  to  base  an  estimate  for  its  improvement. 

During  high-water  vessels  drawing  4  feet  can  ascend  the  river,  but 
as  this  season  is  usually  short  the  improvement  desired  is  the  removal 
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of  8na<^,  overhanging  trees,  and  loose  rocks,  and  catting  through  some 
of  the  worst  shoals  and  a  bar  at  the  mouth,  so  as  to  enable  boats  draw- 
ing 2  feet  of  water  to  navigate  the  river  during  about  one-half  of  the 
vear. 

The  cost  of  this  improvement  is  estimated  at  $23,874.04,  and  should 
it  be  deemed  exi)edient  to  make  the  imi>rovement  I  would  recommend 
an  ap])ropriation  of  $20,000.  It  is  expected  that  should  this  improve- 
ment be  authorized  the  country  along  this  river  would  be  rapidly  set- 
tled up,  and  that  in  a  few  years  further  improvements  may  become  nec- 
essary. 

No  reliable  statistics  could  be  obtained  as  to  the  amount  of  commerce 
that  would  be  immediately  benefited  by  the  improvement. 

The  report  of  Mr.  J.  L.  Meigs  is  herewith  forwarded  for  more  detailed 
information,  and  a  tracing  of  the  map  of  examination  of  the  Withlacoo- 
ehee  Biver  vrill  be  for  waited  as  soon  as  made. 
Very  respectfully,  your  obedient  servant, 

A.  N.  Dambell, 


The  Chief  of  Engineers,  U.  S.  A. 


Captain  of  Engineers. 


REPORT  OF  MR.   J.  L.   MEIGS,   ASSISTANT  EKGIKEER. 

Mobile,  Ala.,  January  25,  1880. 

Sut:  In  accordance  with  your  letter  of  instrnctions  of  August  15,  1879,  an  examiua- 
ikm  of  the  Withlacoocliee  River,  Florida,  wa8  made.  The  following  report  of  the 
Tork  ia  respectfully  submitted : 

The  examining  party,  consisting  of  an  assistant  engineer,  3  rodmen,  a  pilot,  and  a 
laborer,  were  aaaembled  at  Clear  Water  Harbor  on  September  7, 1879,  with  the  design 
tf  proceeding  overland  76  miles  to  Haj'^es's  Ferrv,  on  the  Withlacoochee  River,  where 
a  nat-boat  should  be  built  and  the  descent  of  the  liver  be  there  commenced.  Ordi- 
urily  the  rainy  season  of  that  region  begins  about  the  middle  of  June  and  terminates 
«*rly*in  September.  The  rainfall  during  each  of  the  years  1878  and  1879,  however, 
proved  to  be  unusually  great  and  protracted.  The  party  were  unable  to  leave  Clear 
Water  Harbor  before  September  lo,  1879,  owing  to  heavy  rain  storms  and  overflowing 
oreaoia,  and  the  march  thence  around  the  head  of  Tampa  Bay  and  across  Hillsboro 
aad  Hernando  counties  was  slow  and  tedious,  ponds  and  submerged  flat-lands  being 
cta9t«ntly  encountered. 

On  September  23,  they  arrived  at  W.  W.  Mallard's  Mill  (then  the  only  one  on  the 
Withbkcoochee  River),  situated  in  township  21  south,  range  20  east,  near  the  west  line 
•f  section  13  and  about  4  miles  by  water  below  Hayes's  Ferry.  This  ferry  was  selected 
at  the  initial  point  of  the  examination  in  accordance  with  the  very  general  conviction 
ti  the  beet  informed  citizens,  that  to  render  the  river  navigable  &om  its  mouth  to 
this  point  would  not  only  greatly  relieve  the  present  difficulty  experienced  by  the 
people  of  Marion,  Sumter,  and  Hernando  counties  in  procuring  necessary  supplies  of 
gooda  and  groceries,  but  that  it  would  be  inexpedient  at  present  to  expend  money  on 
ike  river  above  Hayes's  Ferry.  A  bill  for  the  improvement  of  the  river,  introduced  at 
the  laat  session  of  the  Florida  legislature,  proposed  that  the  work  ^ould  be  com- 
■enoed  at  Mallard's  Mill.  It  seemed  proper,  therefore,  to  begin  the  examination  at 
Hayes's  Ferry,  and  this  was  done  on  September  26,  on  the  completion  of  the  necessary 
boats. 

Unfortunately  the  examination  was  necessarily  made  at  a  stage  of  water  6  feet 
above  the  ordinary  summer  stage.  This  great  disadvantage  was  remedied  as  far  as 
pQsnble  by  employing  for  different  sections  of  the  river  the  services  of  experienced 
pQots,  who  had  frequently  descended  the  river  on  barges  and  rafts  and  in  skiffs,  and 
br  obtaining  information  from  every  available  source  in  regard  to  its  obstructions. 

By  these  means  and  by  constant  soundings  the  sites  of  shoals,  whether  of  sand  or 
nek,  were  ascertained.  All  snags  and  accumulations  of  logs  and  the  overhanging 
iTws  and  limbs  were  carefully  noted,  and,  where  the  river  banks  were  not  submerged^ 
•hservations  of  their  materials  were  made.  These  necessary  data  for  an  approximate 
vtinufcte  of  the  cost  of  rendering  the  river  navigable,  so  far  as  to  relieve  the  present 
Tiots  <^  the  population,  are  given  below  in  tabular  form;  as  affording  the  easiest  an^ 
nsdiest  mode  of  exaauning'  the  facts. 


1112     REPOBT  OP  THE  CHIEF   OF  ENGINEERS,    U.    8.  AEMI 


13"    --8    -sjli. 


fi^sjli 


1  st^ 


-psioou  oq  o)  aSme 


punia  oq  i>)  sqmg 


HOI  £mii|P40  t*  in<i>a 


«  pwnraaia  «mi»i«ki 


y 


15 


III 

IllS 
III"! 


rt  r^  r 


■a  &S.S,     «« 


BBS  ass  ss     s 

S»S    SSS    S3      8 


III  III  II 


APPENDIX   K. 


1115 


sgi 


J8 


o 
•5 


M! 


31 

&C4 


OB   " 

«  d  g 


S 


•1        o 


O  iH        rH  iH 


s 


•O 


c 

3 

e 


SS3 


«    <#  10 

S    5  3 

to 

0»       ^  v^ 


C9 

s 


3 
10 


10 

t^  lO 

3  3 

CO  69 


&       10 


00     la     CO     00 

^       IQ*       id       O 

00 
|)      CO      to      CJ 


00        CO 


&  10 

3  3 
10 

d  CO 


3 

09 


3 


sss 


e 

1 


S    S    S 


3    3    3 
3    3    S 


•a 

CO 


s 

3 
S 


3    3 
^    8 


555555 


3    3 
8    S 


n 

$ss 

S 

s 

s 

^ 

3 

s 

s 

s 

3 

9 

S 

iS 

s 

^ 

6 

■i 

C{r4d 

• 

d 

• 

• 

d 

• 

0 

* 

• 

r4 

^ 

ci 

r4 

r4 

r4 

^ 

-4 

1 


s 

1 

O 
O 

i 


6 

s 


8     e 


1 
I 


§  -^ 

all  2^ 

fee's  fli 
p«S  Old  . 

Mill 

Ha     Ha     Ha 


•a 
i 

be 

*i 
g 

« 


p^ 


c  „ 


e 


I 


o 


111 


i 


o 
a 

3 

I 

1 


3 


e 

si 


ah 


i<sl!ll«l| 


50 


39 

CO  ^ 

1^ 


9 

S 


o 

I 


1 


I 


5^ 


^ 


1^.    ^1 

.0  nil  I" 


Si^«8 


'SS 


1114     REPORT   OF   THE    CHIEF    OF   ENGINEERS,    U.    S.    ARMY. 


I 


ce 

I 


.a 


5 


o 


gi 


'poAomu  9q  C4  sSvag 


00 


la 


oo 


•  ooeo 


09dj^  8iif3iraqjaAO  JO 


OO 


CQ 


s 


1^ 


00 


ei 


s 


2> 


ss 


g. 


eo 


&ot«t««Dcetdieio-^ 
03     33333     3 


•qipiii 


s 

2| 


3 


3 
^ 


s 


s 


ss 

o 


s 

8 


SS0SSS88SS 
t«t«  t^S  s    s 


*d«in 
no  pomtvooi  •9oii*|«kI 


u 


10  iH 

r4  O 


«3S       S       SS 


o 


I 
1 

QQ 


-If If ^^  I 

ml  fill 


Pi     A 


{©••SI'S 


I 


Sua 


APPENDIX   K. 


1116 


I 

s 


B 


8 
1 

CO 

o 


G 

.a 


I 

s 

I 


« 


C9 


•CQ 


s 


s 


§§ 


O  S9  lO  09  9b  9B  I 

0553^^333^3  3355S  SSSSSSSSZS    SB    BS    SSSS      SSSS        U 


•H  CQ  « <^  e«  CO  «— I  r« 


d-v^r-i     e4ioe<i«c>     10  c>  10  e^  ■«  cq  10  e<)  ■«  e^     ^eo 


•*« 


10 


-s     s      ass    s  ss  ss  s        s 


9 


1116     EEPOET  OP  THE   CHIEF  OF  EHOIKEERS,    U.   8.   ABMT. 


1 

1 
1 

f 

;  i--  i  :  •  :  i  i  :  :-  i  i  ■>"  i 

^NnmiimmP 

iiiiiilssiii  i;§i; 

:  i  i  ;  i  i  ;      -^  i'^     I  i**     : 

-MaiiirmM^tl^^ 

^    853    S    SSS    2    S2S55    S    S    2S2    232    SSSB 

■vmM. 

£2                                          2            3            3               2    2 
§                                          t            §            S               8    S 

•d«a 
no  pwnwsm  •»jn»i«Ki 

1  Is  ;«  is  s  ;s  is  it  s 

•^  \a  ;ei  jei    «  :<£  :4J  :d    ^ 

e  I&  is    S    S  is  is  is    3  1 

1 

lliiiiiiiliyiiii 

y  :i  It  ^i  iiiiiiiiii 
illliililiiiiiiili 

1 

■3 

1 

11  III-! 

iiiiiif 

fill 

APPENDIX   K. 


1117 


m 
AN 

^1 


• 


1 


d 

I 


•a  «.  ®  a  K  .*a 


S& 


11 


S73 


S 


•CO 


33 


•^i  oo  eoootoSo 

sss  s 

•o       to 

e^  ao  d      wt 


obiAaoco     ob  do  9     ob 

3    3    3 


S> 


to 


CO 


lA 


M 


S2 

3 

8 


sssssss 


3S 


ssss 

tH  iH  l-l  tH 

2 


523 


3 
S 


3    2 


3 


S 


^ 


s 


s 


s 


I 

I 


I 

I 


I 

f 
s 

g 

I 


111 


II     gl 


^1^ 


S  «  - 
3     ?15     fs 

lit  «f^ 

^SSMSS 


1118     REPORT   OF   THE   CHIEF   OF   ENGINEERS,    IT.    S.    ARMY. 

The  Withlacoochee  River  from  Hayes's  Ferry  to  the  western  line  of  section  19,  town- 
ship 17  sonth,  range  20  east,  below  Morrisson's  Shoals,  traverses  a  scries  of  open  lakes 
and  wooded  lagoons,  generally  shallow  and  of  varying  widths.  The  lakes  are  inter- 
spersed with  floating  masses  of  wild  lettnce,  bonnets  and  careless  weeds,  and  with 
numerous  islands  covered  with  willows  and  aquatic  plants.  The  wooded  lagoons  are 
heavily  timbered,  and  traversed  by  one  or  more  narrow  and  crooked  channels,  which^ 
however,  afford  2  to  4  feet  of  water  at  the  ordinary  low- water  stage,  though  in  many 
places  not  more  than  30  feefc  in  width.  The  current  flowing  in  the  lake  channels  is 
sluggish  while  that  in  the  lagoon  channels  generally  flows  swiftly. 

irom  the  western  line  of  section  19  (above  mentioned)  to  the  mouth,  the  river,  for 
the  most  part,  confines  itself  to  a  single  channel,  the  width  is  more  uniform,  the  cur- 
rent rapid,  and  the  bed  generally  covered  with  loose  rocks  at  the  places  of  shoals  and 
shallows.  The  channels  between  these  rocks  are  narrow,  crooked,  and  impassable  at 
very  low  water.  These  places  are  miscalled  shoals  in  many  cases,  since  the  depth  of 
water  between  the  rocks  is  as  great  as  is  elsewhere  obtained.  Here  the  river  can  bo 
rendered  navigable  by  breaking  up  and  removing  the  soft  limestone  rocks,  which  are 
generally  mucn  less  than  a  cubic  yard  in  size. 

Just  above  the  mouth  the  river  is  divided  by  Chambers's  Island  into  two  branches^ 
flowing  northwest  and  southwest,  respectively.  The  north  branch  affords  quite  as 
good  water  as  the  other,  and  has  the  better  approach  from  the  Gulf  of  Mexico.  This 
approach  is  a  narrow  channel  (from  1^  to  3i^  feet  deep  at  mean  low-wat-er),  which 
crosses  a  shallow  bar,  composed  chiefly  of  oyster  beds  and  lying  off  the  mouth  of  the 
river.  For  f  of  a  mile,  this  channel,  which  has  an  average  width  of  30  feet,  should  bo 
dredged  to  a  width  of  50  feet,  and  a  depth  of  3  feet,  at  mean  low-water. 

The  river  has  never  been  regularly  navigated  by  vessels.  A  small  steamer,  drawing 
about  2  feet,  has  ascended  it  to  Fort  Clinch.  Capt.  D.  M.  Lay  has  made  two  trips,  at 
ordinary  low- water,  from  the  month  of  the  river  to  Panasofkee  Outlet,  on  a  barge 
carrying  18  tons,  and  drawing  18  inches  of  water.  A  small  barge  has  also  been  taken 
up  as  far  as  Pemberton's  Ferry ;  and  Mr.  W.  W.  Mallard  has  carried  a  barge  loaded 
with  lumber  from  his  mill  on  section  13,  township  21  south,  range  20  east,  to  Panasofkee 
Outlet.  Raft^  of  cedar  logs,  however,  are  frequently  brought  out  of  the  river  (even 
from  the  region  about  Fort  Dade),  and  taken  to  the  merchant  mills  at  Cedar  Keys. 
These  require  a  depth  of  2  feet  of  water  everywhere  in  the  channel,  while  rafts  of  pal- 
metto logs  (from  the  region  immediately  above  the  mouth  of  the  river)  require  3  feet  in 
the  river  and  across  the  bar.  Except  by  barges,  no  attempt  has  been  made  to  carry  sup- 
plies of  provisions  and  goods  up  the  river.  The  people  now,  however,  very  earnestly 
desire  the  introduction  of  steam  navigation.  The  influx  of  population  from  other 
States  into  the  counties  bordering  on  the  river,  and  the  extensive  plantations  of  orange 
trees  on  the  Panasofkee  Lake  and  outlet,  and  on  the  Withlacoochee  also,  make  an  im- 
mediate improvement  of  the  river  navigation  very  necessary.  The  orange  groves  of 
Messrs.  Young  and  Adams,  and  of  Messrs.  Conover  and  Lay,  on  the  Panasofkee  Outlet^ 
-  will  alone  give  employment  to  a  river  steamer  during  the  fruit  season. 

The  extent  of  the  improvement  now  to  be  made  should  be  decided  by  the  needs  of 
the  population,  and  the  ordinary  stage  of  water  in  the  river  between  the  rainy  sea- 
sons. Vessels  drawing  from  14  to  24  inches,  such  for  example  as  navigate  the  Ock- 
lawaha  River  and  many  tributaries  of  the  Mississippi,  will  not  only  afford  amx>le 
tonnage  for  the  business  of  the  Withlacoochee,  but  will  be  of  as  great  draught  as  can 
regularly  navigate  it  at  the  ordinary  stage  of  the  water.  It  is  certain  that  on  one 
occasion  within  the  past  thirty-five  years  the  river  bed  in  the  vicinity  of  Mallard's 
Mill  was  perfectly  dry  (with  the  exception  of  deep  pools  of  standing  water)  during 
a  season  of  great  drought;  and  at  other  dry  seasons  the  stream  has  been  so  reduced  in 
volume  at  the  difierent  shoals  as  to  be  unnavigable  by  vessels  drawing  18  inches  of 
water. 

Old  residents  of  the  region  bordering  the  river,  and  raftsmen  engaged  in  carrying 
cedar  logs  down  it,  agree  in  opinion  that  no  plater  improvement  need  now  be  un- 
dertaken than  to  make  the  river  navigable  dunng  the  six  or  seven  months  following 
the  rainy  season  for  vessels  not  exceeding  2  feet  in  draught,  and  that  this  may  be  done 
by  clearing  its  banks  of  overhanging  trees  and  limbs,  and  by  removing  sunken  logs, 
snags,  and  loose  rocks  from  ita  bed. 

It  is  not  recommended  to  clear  a  belt  of  timber  bordering  on  each  of  the  river 
banks,  but  only  to  remove  overhanging  trees  and  limbs  that  would  impede  passing 
boats.  The  timber  growing  on  the  slopes  and  crests  of  the  banks  should  be  care- 
fully preserved  as  a  means  of  holding  the  sandy  soil  in  place  and  preventing  the  slid- 
ing of  the  banks  into  the  stream.  Such  slides  of  sandy  river  banks  render  the  river 
shallow  (as  has  been  observed  in  the  case  of  ceriain  streams  in  Georgia),  by  widen- 
ing its  bed  and  filling  the  channel  with  sand.  Rocks  can  readily  be  got  out  of  the 
way  by  depositing  them  in  near  pools  of  deep  water. 

The  deepening  of  the  channel  across  sand  shoals  or  bars  will  extend  the  period  of 
navigation  every  3'ear  for  a  month  or  more.  Many  of  the  smaller  sand-bars  (of  which 
23  have  been  noted)  will  be  deepened  by  the  action  of  the  stream  alone,  when  the  re- 
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moral  of  the  loose  rocks,  snnken  logs,  and  bnish  shall  give  free  play  to  the  current. 
The  method  of  deepening  such  channels  by  dredging,  or  the  more  economical  exca- 
ration  with  shovels  and  narrows,  during  a  period  of  extreme  low-water,  should  only 
be  resorted  to  where  there  are  good  grounds  for  believing  that  the  new  channel  will 
afterwards  be  kept  clear  and  open  by  the  action  of  the  current  above.  Such  places, 
it  is  believed,  are  Morrisson's  Shoal  and  certain  small  islands  in  the  upper  river,  the 
removal  of  which  will  give  room  for  navigation. 

In  the  case  of  other  bars,  low  dams  of  closely  driven  piles  may  be  built,  so  as  to 
confine  the  running  water  to  a  single  channel,  which  will  thus  be  kept  open.  In  the 
accompanying  estimate,  however,  the  cost  of  deepening  bars  is  approximated  by  esti- 
mating the  work  in  each  case  as  excavation. 

Jpproannuite  alimate  of  the  cost  of  improving  Withlaooochee  River  between  Hayeses  Ferry 

and  its  mouth. 


Diviaion  of  river. 


I.... 

n... 
in.. 

IV. 
V... 

TT.. 

vn . 
Tin 


Quantity  and  priccw 


Earth  exoavatioD. 


Cuine  yard*. 
3  044  at  30  cents. 
300  at  30  cents. 


Rock  exca- 
vation. 


CvhicydM. 


89  at  $1 


Banks  to  be 
cleared  of  over- 
hanging trees,  &c. 


Lituar  fttt, 
7,854  at  U  cents 
4,244  at  ll  cents. 
5,000  at  li  cents 


Snags  to 
be  re- 
moved. 


26  at  $10 
51  at  $10 


Cost  of 
work. 


$1, 201  01 
603  66 
164  00 


6,519  at  30  cents. 


X 

XI 

XII* 

CbAanel  acroas  bar 

Add  for  engineering  and  con- 
ttn^nc  iee 


11,787  at  30  cents. 

333  at  30  cents. 

667  at  30  cents. 

2,778  at  30  cents. 


1,400  at  $1 

3,578  at  $1 

500  at  $1 


800atlJ 
2,800  at  1 
3,600  at  ij 
13,500  at  ll 
6,300  at  1 
1,600  at  ij 


cents. 

cents 

cents 

cents 

cents 

oents. 


3  at  $10 
18  at  $10 

9  at  $10 
13  at  $10 
17  at  $10 

4  at  $10 


42  00 

t2, 177  70 

tl,544  00 

7,430  dO 

864  40 

264  10 

833  40 


15,400  at  30  cents. 


4,620  00 
8,979  17 


Total. 


23,874  04 


*  Ko  work  recommended  to  be  done  on  this  division. 

t  Tliis  includes  cost  of  excavating  a  channel  (2  by  50  feet  in  section)  across  Morrisson's  ShoaL 

:  Tliis  includes  cost  of  removing  loose  rocks  ftrom  river  bed  at  Horn's  Bridge  Shoals. 

• 

Mention  having  been  made  of  the  fact  that  cedar  rafts  have  been  brought  down  the 
river  from  the  vicinity  of  Fort  Dade,  it  may  be  well  to  add  that  man^  persons  regard 
the  river  as  navigable  for  15  mile«  above  remberton's  Ferry ,  and  think  that  the  im- 
proTement  of  the  channel  should  extend  to  that  point.  Tney  report  that  within  1^ 
miles  above  Hayes's  Ferry  there  is  a  sand-bar  100  yards  long,  on  which  the  water  at 
its  ordinary  low  stage  is  1^  feet  deep.  Immediately  above  this  is  the  foot  of  Cypress 
Mand^  fW>m  which  point  the  eastern  chute  of  the  nver  is  to  be  ascended.  This  chute 
»  from  90  to  100  feet  wide,  and  is  much  obstructed  by  logs.  These  removed,  there 
ironld  be  from  3  to  4  feet  of  water  in  the  shallow  parts  of  the  chute. 

From  the  head  of  Cynress  Island  upward  to  Pemberton's  Ferry  the  depth  of  water 
in  the  shallows  is  equally  good,  while  10  to  15  feet  may  be  had  at  the  other  places. 
Axid  for  15  miles  above  the  ferry  the  depth  of  water  is  also  good,  3  to  4  feet  bemg  ob- 
tainable at  the  low  stage  of  the  water.  The  width  is  everywhere  from  90  to  100  feet. 
The  g^rowth  of  the  country  may,  indeed,  hereafter  require  the  improvement  of  this 
part  of  the  river. 

Thanks  are  due  to  Capt.  C.  F.  Adams  for  valuable  memoranda  in  regard  to  the  river, 
ad  for  other  information ;  also  to  Messrs.  W.  W.  Mallard  and  L.  L.  Hodges. 

Respeetfally  submitted. 

J.  L.  Meigs, 

Assistant  Engineer. 

Capt,  A.  N.  Damrkll, 

Corp9  of  Engineers,  U,  A  A, 
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K  19, 

EXAMINATION  OF  PEA  RIVER,  ALABAMA,  FROM  GENEVA  TO  ELBA. 

Office  of  United  States  Engineer, 

Mobile  J  Ala.  J  March  3,  1880. 

Sir  :  By  act  of  Congress  approved  March  3, 1879,  an  examination  of 
the  Pea  Biver,  Alabama,  was  authorized,  ai^d  by  letter  dated  May  12, 
1879,  was  assigned  to  me,  and  was  pat  in  immediate  charge  of  Mr.  Hiram 
Haines,  assistant  engineer,  whose  report  shows  that  from  Elba,  where 
the  examination  was  commenced,  to  its  month,  a  distance  of  aboat  60 
miles,  the  river  in  its  present  condition  is  not  navigable.  In  the  upper 
I)ortion  of  the  river  the  chief  obstractions  are  rock  shoals,  while  the 
lower  portion  is  filled  with  snags  and  logs  to  such  an  extent  as  to  make 
its  passage  even  with  a  small  boat  ex&emely  difficult.  To  make  this 
river  navigable  for  light-draught  boats  during  high- water  season,  from 
Elba  to  its  mouth,  an  appropriation  of  $56,750  would  be  required,  which 
estimate  includes  the  construction  of  two  locks  and  dams. 

As,  however,  all  the  commerce  of  this  river  would  probably  pass  over 
the  Choctawhatchee  Biver  in  its  way  to  market,  and  would  for  a  number 
of  years  be  small  in  extent,  I  would  recommend  its  improvement  be  de- 
layed until  that  of  the  latter  river  is  completed. 

The  report  of  Mr.  Haines  and  a  tracing  of  index  map  are  herewith  in- 
closed, to  which  I  would  respectfully  refer. 

Bespectfully  submitted. 

A.  N.  Damrell, 
Captain  of  Engineers^  U.  S,  A. 

The  Chief  of  Engineers,  U.  S.  A. 


REPORT  OF  MR.   HIRAM  HAINES,   ASSISTANT  ENGINEER. 

Mobile,  Ala.,  October  18, 1879. 

Sir  :  I  have  the  honor  to  submit  the  following  as  the  result  of  my  examination  of 
Pea  River,  Alabama,  firom  Elba  to  its  confluence  with  the  Choctawhatchee  Riv^ 
made  agreeably  to  your  instructions  of  the  4th  of  August,  1879,  at  Geneva,  Ala. 

The  nver  at  Elba  cuts  through  a  heavy  bed  of  son,  thinly  laminated  argillaceoas 
rock,  forming  perpendicular  banks,  and  a  succession  of  shoals  for  5  to  6  mfles  below 
the  town. 

At  Churchill's  Bridge,  7^  miles  below  Elba,  this  rock  is  replaced  by  beds  of  clav  in- 
terstratified  with  thin  layers  of  soft  sandstone,  which  show,  at  intervals,  just  above 
the  surface  of  the  water  along  the  margin  of  the  stream.  To  this  point  the  river  is 
from  100  to  150  feet  wide,  comparatively  straight,  and  the  shoals  form  the  chief 
obstructions  to  navigation.  At  12  or  15  miles  from  Elba  the  banks  become  low  and 
less  resistive,  and  the  stream  more  winding  in  its  course.  At  25  miles  the  white  lime- 
stone develops  Itself  in  heavy  beds,  forming  mural  banks  for  10  or  12  miles,  and,  by  pro- 
tecting the  Mjacent  timber  from  being  undermined,  renders  the  river  free  from  ob- 
structions of  tnis  kind.  Upon  the  disappearance  of  the  limestone,  the  banks  again 
become  low,  and  the  river  enters  a  swamp.  Its  course  becomes  extremely  tortuous ;  its 
volume  often  greatly  diminished  by  outflows  or  cut-ofis,  and  the  bed  so  filled  with 
snags  and  fallen  trees  as  to  render  its  passage  extremely  difficult.  At  Stevens's  Ferry, 
50  miles  from  Elba,  the  river  emerges  from  the  >wjamp,  one  of  the  principal  cut-offs 
rejoins  it,  and  the  stream  becomes  oroad,  less  winding,  and  fr«e  from  obstructions  fh>m 
thence  to  its  confluence  with  the  Choctawhatchee. 

The  length  of  the  river  from  Elba  to  the  Choctawhatchee  is  about  60  miles,  or  about 
twice  the  distance  in  a  straight  line.  The  following  is  an  estimate  of  the  cost  of  im- 
proving this  part  of  the  river  to  render  it  navigable  for  barges  and  small  steamboats 
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for  six  months  in  the  year^  its  navigation  for  a  longer  period  being  considered  im- 
pncticable : 

For  the  constniction  of  two  dams  and  locks  of  crib  work,  5  feet  high,  for 
overcoming  falls  and  shoals  between  Elba  and  Churchiirs  Briage,  at 

$15,000 $30,000  00 

For  removing  snags  and  fallen  trees 9, 250  00 

For  one  snag-boat 7, 000  00 

For  dredging  and  rectification  of  channel 7, 500  00 

For  300  linear  feet  of  dike,  at  $5 1,500  00 

For  500  linear  feet  of  brush  dam,  at  $3 1,500  00 

56,750  00 

Abont  nine  thousand  bales  of  cotton  are  made  annually  in  Coffee  County,  of  which 
»boot  500  are  sold  in  Elba.  Nearly  the  entire  crop  is  hauled  to  Troy,  an  average  dis- 
tance of  35  miles,  at  present  the  most  accessible  market  for  this  section  of  the  State. 
This  county  also  produces  about  50,000  pounds  of  wool.  The  oplands,  which  are  gen- 
eraJly  finely  timbered  with  yellow  pine,  are  admirably  adapted  to  stock  raising,  and 
the  river  and  creek  bottoms  to  the  cultivation  of  cotton,  com,  tobacco,  sugar-cane, 
md  rice.  They  yield  largely  of  the  two  latter  crops,  though  the  amount  produced  of 
either  ia  commonly  restricted  to  domestic  wants. 

As  a  considerable  development  of  the  country  along  the  river  would  have  to  take 
place,  and  the  production  of  the  above  commodities  very  greatly  increase  in  order  to 
mdnce  steamboat  navigation,  I  would  consider  any  expenditure,  at  the  present  time, 
fijT  locks  and  dams  (which  could  only  be  required  for  this  purpose)  premature  and  in- 
advisable. I  am,  therefore,  of  the  opinion  that  the  work  cited  in  the  foregoing  esti- 
Duite,  exclusive  of  the  locks  and  dams,  would  provide  amply  for  such  transportation 
as  will  be  required  for  many  years  to  come. 

An  index  map  of  the  Choctawhatchee  and  Pea  rivers,  showing  their  relation  to 
Pensacola  (the  nearest  port  of  entry),  accompanies  this  report.    The  field  notes  give 
in  detaU  my  observations  in  regard  to  the  character  of  the  river. 
Very  respectfully,  your  obedient  servant, 

Hiram  Haines, 

Aisistant  Engineer. 

ICaj.  A.  N.  Damrell, 

Ckiptain,  Corps  of  Engineers,  U,  $,  A. 
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ISSPECTION   OF  THE  IMPROVEMENT  AT  THE  SOUTH  PASS  OP  THE  MIS- 
SISSIPPI RIVEE. 


REPORT   OF  CAPTAIN  WILLIAM  ff.  HFAJER,  CORPS  OF  ENGINEERS,  IN- 
SPECTING OFFICER,  FOR  THE  FISCAL  YEAR  ENDING  JUNE  30,  1880. 

New  Orleans,  La.,  July  21, 1880. 

General  :  I  have  the  honor  to  transmit  the  annual  report  of  the 
proflrress  of  work  on  the  improvement  of  the  South  Pass  of  the  Missis- 
appi  River. 

The  bmly  of  the  report  is  made  by  Mr.  C.  Donovan,  assistant  engi- 
neer, who  is  the  local  engineer  in  charge  of  the  surveys  and  examina- 
tioDS  being  made  there. 

An  examination  of  the  report  and  charts  shows  that  at  the  end  of  the 
fiscal  year  there  was  through  the  jetties  a  channel  30  feet  deep,  having 
a  least  width  of  40  feet,  while  the  26-foot  channel  has  a  least  width  of 
200  feet.  Near  the  head  of  the  passes  in  the  channel  there  is  but  one 
»pot  having  a  less  depth  than  26  feet.  At  this  point  the  depth  is  25.6 
feet.  One  year  ago  the  depth  at  the  same  place  was  24  feet.  In  other 
▼ords,  there  is  now  a  ship  channel  from  the  Gulf  of  Mexico  into  the 
Mississippi  River  200  feet  wide  and  having  a  depth  of  26  feet,  except  in 
oDe  little  spot  just  referred  to. 

A  survey  outride  of  the  jetties  was  made,  covering  about  IJ  square 
niles  of  area,  with  a  view  to  determine  the  amount  of  scour  or  fill  that 
bd  occurred.  The  change  since  last  report  was  so  slight  as  to  amount 
to  practically  nothing.  The  survey  showed  a  mean  scour  of  about  .12 
«f  a  foot.  The  aggregate  amount  of  deposit  or  fill  in  this  area  from 
1876  to  June  30,  1880,  has  averaged  in  vertical  height  1.04  feet. 

The  very  decided  improvement  in  the  depth  of  water  through  the 
jetties  during  the  year  is  probably  due  to  the  immense  concrete  blocks 
and  walls  placed  on  the  jetties,  which  confined  the  water  within  the  jet- 
ties and  thereby  increased  the  scour.  For  details  of  these  blocks,  their 
oze,  subsidence,  &c.,  see  the  detailed  report.  The  report  also  contains 
details  of  all  cribs  and  other  work  done  by  Mr.  Eads  daring  the  fiscal 
year. 

Respectfully  submitted.  W.  H.  Heuer, 

Captain  of  Engineers. 

The  Chief  op  Engineers,  U.  S.  A. 


report  of  mr.  c.  donovan,  assistant  engineer. 

United  States  Engineer  Office, 

Ptyrt  Ead8y.La,y  July  15,  I860. 

Sir  :  In  compliance  with  yoar  verbal  iDBtructious  I  have  the  honor  to  present  herein 
irpport  of  the  progress  made  in  the  improvement  of  South  Pass  of  the  Mississippi 
Inrer,  by  Mr.  James  B.  Eacis,  during  the  fiscal  .year  ending  June  30,  18d0,  and  also  the 
wmtltB  of  examina tioiiA  aud  surveys  wade  during  the  year. 
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HEAD  OF   PASSES. 

With  the  exception  of  ** Upper  Dam,"  the  works  at  this  point  remain  in  substan- 
tially the  same  condition  as  when  la«t  reported  upon  (June  30,  1879).  The  work  during 
the  year  has  been  very  slight,  consisting  in  placing  two  tilted  mattresses,  each  60  feet 
long,  '4>2  feet  wide,  and  1  foot  thick,  to  close  a  break  in  the  extension  of  east  T-head 
dam,  and  twenty-five  hours'  dredging  to  increase  the  width  of  the  26-foot  channel. 

The  above-mentioned  work  was  done  previous  to  July  25,  1879. 

In  the  construction  of  mattresses  82|  cords  of  willows  were  used. 

From  July  25  to  December  27,  1879,  the  works  here  remained  in  good  condition, 
only  a  slight  sinking  of  the  mattresses  having  occurred.  About  December  27,  owing 
to  the  pressure  on  the  **  Upper  Dam,"  cause<l  by  the  rising  of  the  river,  this  structure 
was  undermined  in  two  places  and  carried  away.  These  breaks  have  gradually  in- 
creased, until,  on  June  30,  they  were  respectively  130  and  620  feet  wide,  having  a 
depth  of  18  feet  of  water  through  them. 

The  only  portion  of  this  dam  which  is  in  place  and  above  average  flood  tide  is  430 
feet  of  the  western  end.  The  other  portions  not  carried  away  ai*e  still  in  place,  bat 
their  surfaces  are  from  5  to  12  feet  below  average  flood  tide.  On  Chart  No.  4  the  por- 
tions of  this  dam  which  have  disappeared  are  indicated  by  a  broken  line. 

The  deterioration  of  this  dam  has  not  been  detrimental  to  channel  improvement, 
especially  below  it,  as  there  has  been  a  constant  and,  at  times,  a  rapid  deepening  since 
it  was  completed,  and  especially  during  high  river. 

It  is  considered  that  this  dam  has  served  the  purpose  for  which  it  was  bnilt,  and 
that  it  will  not  be  necessary  to  rebuild  it. 

DAM  AT  BATOU  GRANDE. 

No  work  has  been  done  on  the  dam  across  this  outlet  to  South  Pass  daring  the  year. 
The  work  still  remains  in  fair  condition,  only  a  settling  of  the  mattresses  having  oc- 
curred. The  upper  surface  of  the  top  mattress  is  now  2^  feet  below  average  flood 
tide.  The  bayou  above  the  dam  has  become  so  filled  with  deposit  that  the  average 
depth  of  water  through  it  is  about  4^  feet. 

At  high  tide  there  is  a  sluggish  current  through  the  bayou,  and  its  discharge  i» 
Blight,  being  to  some  extent  obstructed  by  flood-wood,  which  has  collected  above  the 
dam. 

AT  THE  MOUTH  OF  SOUTH  PASS. 

(o)  East  Jetty. 

The  work  at  the  mouth  of  South  Pass  daring  the  year  has  been  chiefly  confined  to 
the  building  up  of  this  structure,  as  it  is  the  more  important  one,  being  subjected  to 
the  majority  of  the  violent  wind  storms  which  visit  this  section. 

The  following  is  a  classification  of  the  work  on  this  jetty: 

1.  Building  and  sinking  of  crib  work. 

2.  Placing  of  concrete  blocks. 

3.  Building  parapet  wall  on  concrete  blocks. 

4.  Miscellaneous  work. 

1st.  Building  and  sinking  of  crib  work,  —This  work  is  for  the  purpose  of  strengthening 
and  protecting  the  sea  ends  of  the  jetties,  and  in  some  cases  it  forms  the  foundation 
for  concrete  blocks.  The  cribs  consist  of  piles  laid  in  alternate  horizontal  courses, 
crossing  each  other  at  right  angles.  The  piles  in  the  floor  courses  are  placed  in  con- 
tact  with  each  other,' and  those  of  the  up|>er  courses  are  from  5  to  7  feet  apart,  thus 
forming  compartments  from  4  to  6  feet  square.  The  piles  are  held  together  by  drift 
bolts  at  every  point  of  contact,  and  also  by  iron  straps  passing  around  the  exterior 
piles  of  three  or  four  courses. 

In  many  of  the  cribs  the  floor  is  formed  of  10  by  3  inch  lumber,  and  the  spaces  be- 
tween the  piles  are  closed  by  chinking,  or  by  inch  planks  nailed  on  the  inside. 

These  cribs  are  built  on  ways,  and  when  completed  are  launched  and  floated  into 
position,  and  sunk  by  filling  the  compartments  with  stone.  They  vary  somewhat  in 
form,  acconling  to  the  position  they  are  to  occupy,  and  are  placed  so  that  the  top  of 
the  crib  will  be  at  average  flood  tide.  A  slope  is  formed  by  omitting  piles  in  the 
courses  in  one  direction,  and  shortening  those  in  courses  at  right  angles,  or  by  elevat- 
ing one  end  of  the  piles  so  as  to  form  the  desired  slope,  the  other  end  being  in  contact 
with  the  lower  horizontal  course. 

Cribs  are  built  of  palmetto,  pine,  and  cypress  piles;  those  construct«d  of  palmetto 
piles  are  from  40  to  TO  feet  long,  and  from  15  to  20  feet  wide,  their  heights  varying 
according  to  the  depth  of  water  at  the  point  where  they  are  to  be  placed.  These  are 
sunk  near  and  about  the  extreme  ends  of  the  jetties,  usually  with  their  greatest  di- 
mensiou  parallel  to  the  axis  of  the  jetty. 

The  other  class,  denominated  sjmr  cribs,  are  built  of  pine  or  cypress  piles  and  plank, 
usually  25  feet  long  and  20  wide,  with  their  grt^atest  vertical  dimension,  with  one  ex- 
ception, not  exceeding  8  feet.  They  are  placed  in  shoal  water  at  intervals  along  either 
side  of  the  jetties,  with  their  length  perpendicular  to  the  axis  of  the  jetty,  and  serve 
to  strengthen  the  concrete  wall,  and  break  the  swells  which  race  along  the  sea  side  of 
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the  concrete  blocks  with  undermining  effect ;  they  will  also  serve. a^  a  feandation  for 
toncivte  blooks,  which  it  is  jiropoaed  to  place  npou  some,  of  them  in  the  future.  Dar- 
ing the  year  tweuty-two  cribs  have  been  built  aod  placed  in  position  abont  the  east 
jetty. 

On  Chart  No.  5  is  given  a  plan  of  the  end  of  the  jetties,  showing  the  total  number 
and  |Misitiou  of  cribs  in  place,  and  a  cross-section  of  the  east  jetty  near  its  end,  or 
ll,77i  feet  from  East  Point,  which  will  serve  to  show  the  constrjiction  of  them. 

The  follewiug  table  gives  the  dimensions,  contents,  character,  4&c.,  of  eacb  crib 
placed  during  tne  year,  and  their  position  with  reference  to  either  jetty.  The  number 
deaoli  crib  corres{>ondiug  to  that  given  in  the  table  will  be. found  pn  the  plan  above 
referred  to : 

Table  giring  dimf-ninoiw^  character,  and  location  of  cribs. 
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36    do  -  .  - .  - 

33     October  — 


...do 

...do 

do 

Spur . 

do 


DimenHions. 


o  S 
o  2. 


i  ^  . 

Oft.   «'3 
•  fi. 

c  u       o 


•-1 

9  08 


Location. 


Feet. 

25X20  X  6 

25X20  X  6 

25  X  20  X  6 

25  X  20  X  '3.  5 

25  X  20  X  3.  5 

25X20  X  6 

25  X  20  X  6 

25X20  X  5 

25X20  X  6 

25X20'  X  5 

25  X  20  X  5 

25  X  20  X  5 

25X20  X  5 

25X20  X  5 

25  X  20  X  5 

.25X20  X  8 

72  X  16.  5  X  16 

40  X  20  X  8 

40  X  20  X  6 

40  X  15  X  5 

40  X  20  X  7 

20  X  20  X  8 

40  X  20  X  12 


700 
640 
700 


!  Station  112,  sea  aide,  East 
I      Jetty. 
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520 
276 
225 
225 
225 
235 
466 
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Palmetto..    30  X  15     X  15 


November  . .  —  do  . 
do      !.-.  do  . 

1880. 

February do  . 

M»y I — do  . 


Jojie 
...do 


I    do 

Totals 


.do  — 
do... 
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40  X  15  X  15 

30  X  17  X  19 

40  X  15  X  15 

49X14  X    6 

45X14  X    7 

40  X  14  X  14 

40  X  21  X  10 


Station  110,  sea  side,  East 

Jetty. 
Statiou  108,  sea  side.  East 
Jetty. 

460  ' Station  114,  sea  »i&b.  East 

i  !     Jetty. 

460    ,  Station  1 12.  «ea  aide,  West 

I  '      Jettv. 

700  I Statiou  114.  sl^a side,  West 

1  ,     J»tty., 

700    Station    113,    river   side. 

East  Jetty. 
Station  115  4- 50, river  side, 
East  Jetty. 
680  '..-..    Statiou   1 1 1', '  river   aide, 
!      West  Jettv. 
80  i  Station    113,    river   side. 

West  Jettv. 
360    Statiou  111,  sea  side.  East 

1     Jetty. 
380    Station  113,  sea  side.  East 

Jetty. 
380  j  Station  11.5,  sea  side,  East 

I     Jetty. 
380  ;  Station   110.    river   side, 

West  Jetty. 
380    Station  1 1 1  +  80,  river  side, 

,     Wfst  Jetty. 
260  j  Station  1 14 -h^,  river  side, 
J      East  Jetty. 

5,  507    L i  Sea  sj<Ie,  «?nd  West  Jetty. 

780    1, 080  I Under  trestle,  end  West 

i  I  I  I     Jfttv. 

600  '    440 f . . .  .*  Sea  fcide,  end  East  Jetty. 

472       400 ;  Do. 

952  i     520  I  Do. 

"..'■ 300       580    Station  115,  sea  side,  West 

II  Jetty. 

2,500    i Station  116,  sea  side.  East 

JettN. 

450    Sea  side,  end  East  Jetty. 

450  ;     Do. 


1,210 
1.170 
1,980 


1.170 
1,164 

1,160 
1,904 


450 


450 


Do. 


Do. 


637 Under  trestle,  end  East 

!     ''%. 

Do.  ' 


585 
520 


1, 953  I I River  side,end»Ea8t Jetty. 


20, 112  I  7, 402   9. 192   2,  800 


In  sinkiug  these  cribs  3,801  cubic  yards  stone  have  been  used;  in  addition,  G4  cubic 
Tirdsi  macadam  and  12  cubic  yards  gravel  were  placed  in  crib  thirty-eight,  and  30 
fobic  vardii  macadam  and  18  cubic  yards  gravel  in  crib  thirty-st^ven. 

•^rf.   'placing  oj  concrete  blocks.— The  work  ])reparatory  to  the  placing  of  these  blocks  of 
trtiticial  Ktone,  that  is,  preparing  the  foundatioDf  buildiufr  the  elevated  railway  for 
ibe  tTATinportatJon  of  the  mixed  coDcretey  iSkc,,  has  been  fiilJy  described  in  a  pTe\\oii% 
/epart  (st^  Annual  or  rJtb  Report,  l&TS-^y,  page  6).     November  15,  preparations 
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were  begun  for  the  coutinnation  of  this  work  on  the  East  Jetty  upwards  from  Station 
93  4"  i^i  where  it  terminated  July  1,  1879. 

The  elevated  railway  was  continued  from  the  same  point  to  its  present  terminns 
(Station  65  -|-  !&)»  &  distance  of  i2,881  feet ;  1^55  feet  of  this  length  was  built  by  trans- 
ferring all  that  portion  of  a  similar  railway  on  the  West  Jetty  above  A  cement;  the 
remaining  1,726  feet  is  of  new  construction. 

Up  to  July  1,  140  concrete  blocks  were  placed  above  Station  93  -f  96,  which  brings 
the  present  terminus  of  this  work  to  Station  65  -|-  15  or  6,515  feet  below  East  Point,  the 
commencement  of  the  east  jetty.  These  blocks  average  about  20.1  feet  in  length,  are 
3  feet  thick,  and  vary  in  width  from  4  to  4^  feet,  and  are  separated  by  a  distance  of 
about  -ftj  of  a  foot. 

On  July  1,  1H79,  the  sea  end  of  the  concrete  blocks  was  at  Station  116  -|-  33,  ter- 
minating with  block  number  ninety-one,  which  hud  been  undermined  and  broken. 
This  block  has  been  rebuilt,  and  the  work  extended  seaward  to  Station  117  +  73,  a 
distance  of  140  feet,  by  the  addition  of  three  blocks,  numbered  respectively  ninety- 
two,  ninety-three  aud  ninety-four. 

These  blocks  rest  upon  crib  foundations,  and  are  of  the  following  dimensions : 

No.  92,  51.6  feet  long,  10.6  feet  wide,  and  3.6  feet  thick. 

No.  93,  4H.3  feet  long,  10.8  feet  wide,  and  4.0  feet  thick. 

No.  94,  4h9  feet  long,  12.0  feet  wide,  and  4.8  feet  thick. 

The  average  weight  of  these  blocks  is  about  158  tons,  the  heaviest  (No.  94)  being 
180  tons. 

These  blocks  were  built  with  their  ends  in  contact,  thus  making  one  continnoua 
block. 

The  preseut  t'ermini  of  the  concrete  blocks,  that  is.  Stations  65  -f  15  and  117  -f  73, 
are  fixed  as  points  beyond  which  it  will  not  be  necessary  to  carry  this  work,  at  least 
for  the  present. 

Number  of  linear  feet  of  concrete  blocks  built 2, 951 

Number  of  cubic  yarils  of  concrete  used 1, 471 

Number  of  cubic  yards  of  gravel  in  foundation 721 

The  following  talil^-s  are  presented,  as  they  give  in  detail  hiformation  regarding  the 
settling  of  the  concrete  blocks : 

Tables  showing  elevation  of  concrete  blocks^  at  rarioas  dates^  above  the  pl4ine  of  average 
flood-tide^  and  the  total  subaidtnce  of  each  block  from  the  date  of  the  first  observation. 
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Station  101  +  15. 
Nob.  1  to  6  iDclusive  rained  by 
concrete  during  April,  1878L 


Station  102. 
Under  mixer. 

No8.  8  to  13  inclusive  raised  by 
concrete  between  March  5 
aud  March  31, 1879. 

Station  103. 


Nns.  14  to  19  inelnsivo  raised 
by  concrete  bctw»>en  Febru- 
ary 11  and  March  5,  1879. 
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Station  105. 
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Station  116.  Blocic  01  waa  on- 
dennined  by  wavea  and  bro- 
ken  in  two. 


*NoJevelB  taken  previous  to  July  1,  1880. 
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30 

Jane  2 

2 

2 

2 

2 

2 

5 

5 

6 

6 

6 

9 

9 

9 

11 

11 

11 

11 

11 

11 

11 

12 

12 

12 

12 

12 

12 

12 

15 

15 

15 

15 

15 

16 

16 

16 

16 

16 

18 

18 

18 

18 

18 

20 

20 

20 

20 

20 

20 

20 

24 

24 

24 

24 

1880. 

Jan.  10 

1879. 
Dec.  24 
27 
27 
27 
27 
.  29 
29 
29 
29 
29 


•3- 
I- 

at 


Ft. 
2.67 
2.49 
2.38 
2.41 
2.34 
2.38 
2.29 
2.24 
2.12 
2.30 
2.32 
2.40 
2.42 
2.31 
2.47 
2.66 
2.58 
2.43 
2.29 
2.25 
2.38 
2.50 
2.54 
2.51 
2.30 
2.16 
2.25 
2.45 
2.51 
2.46 
2.53 
2.35 
2.40 
2.34 


a 

PfSa 


Ft. 
2.40 
2.22 
2.12 
2.14 
2.04 
2.10 
2.01 
1.95 
1.83 
2.00 
2.U0 
2.10 
2.14 
2.02 
2.22 
2.39 
2.41 
2.27 
2.12 
2.10 
2.20 
2.34 
2.41 
2.44 
2.32 
2.12 
2.20 
2.43 
2.5:i 
2.47 
2.38 
2.16 
2.14 
1.86 


»4 


=i 

> 

Ft. 
2.34 


17 
06 
07 
97 
2.05 
1.96 
1.87 
1.74 
1.90 
1.92 
2.01 
2.05 
1.95 
2.16 
2.30 
2.33 
2.18 
2.05 
2.02 
2.13 
2.27 


2. 
2 
2. 


.33 
36 
26 
2.07 
2.14 
2.36 
2.47 
2.43 
2.38 
2.07 
1.99 
1.80 


i 


a 


Ft. 
2.30 
2.11 
2.01 
2.00 
1.93 
2.00 
1.89 
1.84 
1.'70 
1.87 
1.87 
1.95 
2.00 
1.90 
2.06 
2.26 
2.  29 
2.16 
2.U2 
1.98 
2.12 
2.25 
2.32 
2.36 
2.  25 
2.06 


13 
35 


.2.  45 
2.38 
2.32 
2.02 
1.89 
1.71 


•^  1-1 


Oct 


Ft. 
2.24 
2.07 
1.95 
1.94 
1.86 
1.93 
1.82 
1.75 
1.65 
1.79 
1.80 
1.88 
1.94 
1.85 
2.02 
2.25 
2.28 
2.16 
2.00 
1.98 
2.U9 
2.  22 
2.29 
2.33 
2.21 
2.04 
2.11 
2.34 
2.45 
2.36 
2.32 
2.04 
1.89 
1.71 
2.35 
2.56 
2.65 
2.45 
2.60 
2.81 
2.66 
2.71 
2.80 
2.48 
2.63 


2. 
2. 
2. 


82 
66 
62 


2.53 
2.63 

2.m 

2.33 
2.28 
2.39 
2.46 
2.45 
2.71 
2.78 
2.76 
2.96 


9 
fl 
*\ 

•^; 

a 

e: 

9 


OC 


4 


Ft. 


2.56 
2. 45 
2.61 
2.67 
2.79 
2.  6,3 
2.48 
2.60 
2.82 


It 

.o 


t»J 


9 


Ft. 


1.77 
r  1.  75 
1.92 
2.13 
2.18 
2.03 
2.03 
2.21 
2.32 
2.31 
2.29 
2.47 
2.35 
2.23 
2.10 
2.21 
2.32 
2.  27 
2.28 
2.00 
L80 
1.77 
2.46 
2.80 
2.50 
2.36 
2.47 
2.58 
2.30 
2.38 
2.28 
2.15 
2.28 
2,38 
2.42 
2.24 
2.14 
2.24 
2.18 
2.15 
1.96 
2.  22 
2.11 
2.17 
2,45 
2.51 
A  50 
2.63 


2.12 


2.47 
2.42 
2.49 
2.60 
2.5« 


9 
O 

a 

9 

s 

90 

3 

o. 
H 


Ft. 
0.43 
0.42 
0.43 
0.47 
0.48 
0.45 
0.47 
0.49 
0.47 
0.51 
0.52 
0.52 
0.65 
0.56 
0.55 
0.53 
0.40 
0.40 
0.29 
0.27 
0.29 
0.28 
0.25 
0.28 
0.09 
0.12 
0.14 
0.24 
0.19 
0.19 
0.25 
0.35 
0.60 
0.37 


Bemarks. 


Station  101. 

The  construction  of  the  parapet 
prevent'ed  the  taking  of  levels  on 
numbers  1  to  12  after  December  27, 
1879,  and  on  numbers  succeeding 
after  February  24, 1880. 


0.05 
0.09 
0.13 
0.23 
0.36 
0. 33 
0.32 
0.  33 
0.35 
0.44 
0.24 
0.38 
0.39 
0.39 
0.38 
0.18 
0.32 
0.17 
0.35 
0.28 
0.26 
0.27 
0.26 
0.32 


0.09 
0.03 
0.12 
0.07 
0.23 


Station  99. 


Station  ^8. 


Station  97. 

Station  numbers  19  to  27,  inclusive, 
raised  by  concrete  January  1880. 

Station  96. 

Subsidence  of  numbers  19  to  27,  in* 
elusive,  is  up  to  December  27, 1879. 


Station  95. 


2.37 

0.26 

2.19 

0.29 

2.25 

0.35 

2.  .W 

0.29 

2.58 

Station  93  +  96. 


Station  93. 


Station  92. 


Station  91. 


Station  90. 


Station  89. 


Station  88. 


Station  87. 
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M 

»     : 

rr 

9i9 
99 

101  j 
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Ul 
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lll^ 
U9 
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132   I 
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U4 

us 

07 
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140 
Ul 

142 
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18S0.    1 
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1 

1  1 

1 

1 

2 

2 

2 

I  ^ 

I  9 

I  9 

9 
9 
10 
10 
10 
10 
10 
12 
12 
12 
12 
23 
23 
27 
27 
27 
27 
28 
2» 
28 
2t) 
29 
29 
29 
29 
29 
Feb.     4 
4 
7 
I 
7 
» 
9 
9 
9 
9 
10 
10 
10 
10 
10 
10 
10 
12 
12 
12 
12 
12 
16 
16 
16 
16 
16 
18 
18 
20 
20 
20 
20 
21 
21 
21 


FL 


FL 


S 

> 


B 

t  ■ 

9®" 

>^ 


1%, 


Ft 


/-s  So 


Ft. 


51 

IS' 


2 


cs 


03 


re. 

2.32 
2.20 
2.14 
2.11 
2.07 
2.22 
2.34 
2.  21 
1.91 
2.  05 
2.24 
2.20 
2.10 
1.00 
2.00 
2.11 
1.93 
1.85 
2.08 
2.33 
1.97 
2.00 
2.39 
2.09 
2.18 
2.29 
2.08 
2.01 
2.03 
2,43 
1.94 
1.93 
2.26 
2.38 

2  58 
3.03 
3.13 
2.73 
2.67 
Z63 
2.64 
2.75 
2.84 
2.92 
2.64 

3  03 
3.21 
3.04 
3.13 
3.14 
2.95 
2.90 
2.90 
2.53 
2.73 
2.61 
2.40 
2.74 
2.60 
2.60 
2.59 
2.62 
2.62 
2.56 
2.45 
2.46 
2.56 
2.62 
2.40 
2.56 
2.28 
2.37 
2.47 
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oo 
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Bemarks. 


Station  86. 


Station  85. 


Station  84. 


Station  83. 


Station  82. 


Station  81. 


Station  80. 


Station  76. 


Station  78. 


SUtion  77. 


Station  76. 


Station  75. 


Station  74. 


Station  73. 


Station  72. 
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Elevation  July  1, 
1879. 

Elevation  Septem- 
ber 9, 1879. 

Elevation  October 
17, 1879. 

Elevation  Novem- 
ber 26, 1879. 
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Elevation  Janu- 
ary 28, 1880. 

Elevation  Febru- 
ary 24,  1880. 
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1880. 

Feb.  21 
21 
23 
23 
23 
23 
23 
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26 
26 
26 
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10 
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11 
11 
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17 
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18 
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Ft 

Ft 
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2.25 
2.51 
2.45 
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2.27 
2.49 
2.41 
2.34 
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2.47 
2.40 
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2.76 
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3.14 
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3.29 
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3.43 
3.40 
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1 
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3 

4 

5 

6 

7 

8 

9 

10 

II 

12 

13 

14 

15 

16 

17 

18 

19 

20 

21 

22 

23 

24 
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Date 
when 
laid. 


1879. 
Jan.  31 
30 
3U 
29 
20 
28 
21 
22 
23 
23 
24 
25 
27 
27 
31 
Fi'b.  1 
Mar.  21 
21 
21 
21 
21 
24 
24 
24 
24 
24 
2J 


1^    . 

I    2 

I  a    - 

i« 

\ — 

\Ft 
2.23 
12. 11 
1.74 
1.96 
[2. 23 
2.  41 
12. 19 
|2.  06 
2.  01 
12.  05 
18 
37 
64 
2.  6-i 
12.85 


.a 
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m    1^ 


.a 
o 

eS 
eg 

OjCO 

> 

9 


> 
9 


12. 
2. 


Ft.  I  Ft.    Ft   Ft. 
2.  09  2.  03  1. 91 
2.0o;i.951.86 
1.661.5611.54 
1.87  1.831.73 
12. 12  2. 07  2.  00 
!2.37!2.3i;2. 18 
2.  06  2.  03,2. 10 
1.971.93  1.951. 
1.92  1.881.a3l. 
1.98:i.91[1.87|l, 
2.  082. 01 1.961 
2.28i2.18  2. 112 
2.5412.532.4:^12 
12.  57'2.  48,2.  4412 
2.  71 12.  65,2.  GO  2 

...j...  i2.tfo2.6) 

.   I   ...!2.85'2.86 

-...I    -.    2.84|-J.84 

...  ....l2.«7  2.8:j 

.    I   ...12.892.86 

...I    ..   12.  92'2.  8>< 
....!   ..   |2.  86:2.  8-2 
....!.  ...'2.  80 2.  74 
79  2 
77  2 
65  2 


/  - . 


9-2 
82 
80 
96 
lA 
42 
44 
60 


3 


Ft 


Ft    Ft 
2. 43  2.  41 
2.  39  2. 37J2.  30  2. 
2.  46  2. 44.2.  40  2. 
2. 60 2.  582.  .V2 2. 
2.  86  2.  83!2.  76  2. 


84 12. 
2.  66  i. 
2.  62  2. 
2.  57  2. 
2.  46  2. 
2.  60  2.  02.2.  5212. 


2 
2 


7i 
07 
57 


1. 

1.831. 
1.74  1. 
1.78|l. 
1.90  1. 
2.081. 
2.  36-2. 
2.  38  2. 
2.  56i2. 
2.  6212. 
2.  85  2. 

2.  m\2. 

m\'2. 
81-2. 
84{2. 


83;i. 
651. 
591. 
62  1. 
751. 
93,1. 
22  2. 
30  2. 
44 12. 
r»0  2. 
7oj2. 
74  2. 
6u\l. 
(is\2. 

7:112. 

t53|2. 
55  2. 
492. 
44  2. 
'HZ 
36.2. 


811. 
63il. 
.56  1. 


60 
72 
91 
20 
27 
42 

72 

72 

66 

6a 

70 

6012. 

51-2. 

462. 

412. 

29  2. 

342. 


751. 
551. 
49  1. 
52  1. 
661. 
841. 
14-2. 
22|2. 
3H;2. 
:r22. 
6H|2. 
6  \2. 
622. 
6112. 
67  2. 
57  2. 
48'2. 
412. 
:{6  2. 
242. 
292. 


721. 
54  1. 
48,1. 
51  I. 
62|1. 
8ll|. 
l.<!2 
15  2. 
3.-»i2. 
2912. 
68-2. 
67!  2. 
6*1 12. 
572. 
63  2. 
M|2. 
44  2. 
38,2. 
32  2. 
192. 


72 
56 
47 
51 
60 
80 
12 
lA 
32 
26 
65 
&) 
5> 
.55 
6 

45 
38 
3*2 
18 
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"3 

.a 
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o 
H 
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Ft  \  Ft  Ft 
2.37  2.33  0.10 
2.32  2.28  0.  ll| 
2.  30  2.  27!0. 19| 
2. 46  2. 44;o.  16 
2.  71  2.  66  0. 20 


I.  71 1. 
1.561. 
1. 45  1. 
1.491. 

1.  59  1. 
1. 79  1. 
2.112. 
2. 12  2. 

31  2. 
24  2. 
66  2. 
62  2. 
56  2. 

.T.i2. 

6.60  2. 

2.  i»l  2. 
•>  i«>  2 

2.  36  2. 
2.  :^0  2. 
2. 17  2. 
2.  22  2. 


47 
52 
57 
58 
61 
59 
54 


Station  101 4-; 
Nos.   1    to    5 

raised  by  oon 

1879. 
Station  102. 
Under  mixer. 


72  0 
54.?, 
44iO 
4710 
57|0 
78:0 
lOjO 
llj0.57| 
30'0.  551 
2;i,0.  42 
6olo.  20' 
6210.  22 
:»5  0.  32 
5:i  0.  36 
.59  0 
500 
420 


Station  103. 


35'0. 
28  0 
160. 
22;0. 


43 
36 

:*8 
44 
49 
49 

47. 


Station  lOi. 


Station  103. 
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1879. 
Mar.  25 

25 
25 
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Ft    Ft 


26 
26 
26 
26 
27 
27 
27 
27 
27 
28 
28 
28 
29 
29 
29 
29 
31 
31 


81 
31 
11 
1 
1 
1 
1 
2 
2 
2 
2 

1  3 

3 
I  3 

5 
•       5 
7 
8 
8 
8 
8 
8 
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11 
11 
11 
17 
18 
i  Jaii«30 
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16 
16 
16 
17 
17 
17 
18 
18 
18 
19 
19 
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Ft 
2.81 
2.93 
2.97 
3.12 
3.12 
3.14 
13.24 
13.22 
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3.10 
3.20 
3.25 
3.37 
3.32 
3.26 
3.15 
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05 
3.12 
3.16 
3.31 
3.40 
3.40 
3.61 
3.22 
3.22 
3.27 
3.10 
3.04 


Ft]  Ft. 
2.74  2.63 
2.87  2.75 
97  2.86 
06  2.94 

04  2.91 
06  2.91 
163.01 

3.  15  3. 00 
3.14  3.00 
3.  20  3. 10 
3.18  3.12 
3.113.07 
3. 08  2. 97 
2.962.91 
2. 95  2.  88 
3.00  2.89 

05  2.  98 
113.05 

06  3.00 
93  2.85 

2.  91  2.  75 
2.  86  2. 76 


Ft,  Ft  Ft. 
2.49  2.46  2.41 
2.  61  2. 60  2.  53 
2. 73  2.  70  2.  64 
2.  80  2.  78  2.  71 
2. 76  2. 75  2. 67 
12.  76  2. 74  2. 66 
!2.  86  2.  83  2.  75 
2. 85  2. 83  2.  75 
2.  86  2. 84  2.  81 
2.  95  2.  94  2.  85 
2.97  2.95  2.87 
2. 93  2. 92  2.  85 
2. 84  2.  Ki  2. 76 
2. 76  2.  74  2.  66 
2.712.68  2.60 
2.72  2.692.62 
2. 81  2.  78  2.  70 
2.83  2.80  2.63 
2.  802. 76 2. 62 
2. 62  2.  53  2.  83 
2.59  2.552.40 
2.  i^5  2. 49  2. 15 
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2.67  2.66  2.65 
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2.  64  2.  62  2.  62 
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2.  75  2.  73  2.  72 
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J 
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2.  72 

2.  H6  2.  83  2. 

2.822.80  2. 


2.84 
2.  To 
2.66 
2.  57 


2.80  2 

2.  71  2, 

2. 63  2 

2.  54  2 
5712.  54  2.  52 
64'2.63  2.62 
58  2.  56  2.  53 
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82 
78 
79 
70 
61 
51 


2.  77  2.  67|2. 
2.  94  2. 85  2. 

2.  96  2.  88  2. 

3.  OK  3. 01  2. 

3.05  2.972. 
3.  03 2. 922. 
3. 04  2. 75  2. 
3.  07  2. 93  2. 

3. 06  2. 94  2. 
00  2.89  2. 
99  2.87  2. 
98  2.86  2. 
03  2.  93  2. 
09  3.  OU  2. 
27  3. 152. 

3.  35  3.  26  3. 
3.  40  3.  37{3. 
3.03  3.44  3. 
3.08  3.5112. 
3. 02  3 
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Arerikge  anbnidonct^  of  95  blockn    0.  65 

Great««t  •abHidenci-,  Statiun  1 16  -|-  59 1 1.  J2( 

*Aprifl8. 


Bemarks. 


SUtion  100. 


SUtion  107. 


Station  108. 


SUtion  109. 


SUtion  lie. 


SUtion  111. 


SUtion  112. 

Blocks  67  to  72,  inclusivfi. 
were  tilt(»d  by  f;al«  April 
23,  1879,  and  when  re- 
Htiired  to  horixontxl  posi- 
tion were  found  to  be 
above  original  elevation. 

SUtion  113. 


SUtion  114. 


SUtion  115. 


Station  116. 
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Remarks. 


Station  101. 


Station  100. 


Station  89. 


Station  08. 


Station  97. 


Station  96. 


Station  95. 


Station  94. 


Station  93. 


Station  92. 


Station  91. 


Station  90. 


Station  88+97. 


Average  Hubaidence  of  59  blocks  j  0.  H 

Greatest  subsidence,  Station  100+50 0. 32 


3rf.  Building  of  parapet  wall  on  concrete  hlockn, — Tliis  wall  above  Station  1 
built  of  rubblo  stoue  with  surface  roujjjlily  dri's»t*d,  and  laid  iu  mortar  cc 
two  parts  of  sand  to  one  of  cement;  it  is  3  feet  in  width,  and  varies  in  b 
2.2  feet  to  2.6  feet,  according  as  the  elevations  of  the  underlying  blocks  requi 
the  upper  surfaee  of  the  parajiet' about  4.5  feet  above  average  flood  tide. 

On  June  IJO  there  was  2,iU7  feet  of  this  wall  complet^id  between  Static 
and  101  4-82,  leaving  730  feet  to  be  built  between  Stations  87 -f  20  and 
complete  this  wall  over  the  concrete  blocks  in  place  above  Station  101 -|- 82 

Below  Station  102  -f  15  this  wall  is  built  of  concrete  (the  same  as  the  i 
blocks)  ruu  into  a  continuoua  mold  or  trough  built  on  the  \iiid«t\^\ii^ \>^ 
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completed  to  Station  116  4-3^^^  thus  foniiing  one  solid  blook  1,418  feet  long,  4  feet 
wj«le,  and  var>*ing  in  thickness  from  3.5  to  4  feet,  according  to  the  elevation  of  the  un- 
deryling  blocks.  As  this  wall  was  built  the  spaces  between  the  blocks  were  filled 
vith  concrete,  thus  consolidating  this  portion  of  the  work. 

The  ptiints  at  which  levels  were  taken  on  the  concrete  blocks  to  determine  their 
Mitlement  could  not  of  course  be  used  or  referred  to  after  the  parapet  wall  was  bnilt; 
lod  points  were  established  100  feet  apart  on  the  upper  surface  of  tne  wall,  and  levels 
taken  at  these  |>oints. 

Xamber  of  linear  fet^t  of  rubble  parapet  built 2, 937 

Xnmber  of  cnbic  yawls  of  masonry 783 

Xainber  of  linear  feet  of  concrete  parapet  built 1, 418 

dumber  of  cubic  yards  of  concrete  used 777 

The  extent  of  the  above  work  is  represented  on  Chart  No.  2,  and  explained  in  a  note 
tbereon. 

The  following  table  gives  the  elevation  and  subsidence  of  the  parapet  wall  at  points 
100  feet  apart,  from  levels  taken  at  various  dat«s,  referred  to  the  plane  of  average 
liood  tide : 

TabU  givimg  elevation  referred  to  average  flood  tide,  and  total  suheidence  of  parapet  wall. 

1  *^  I     >i        '     c  « 
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4.47 

0.14 

4.28 

0,18 

4.53 

0.05 

4.61 

0.06 

4.56 

0.04 

4.53 

0.07 

4.66 
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0.05 
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Parapet  from  Station  65+15  to 
Station  87+20,  and  trom  Sta- 
tion 04+50  to  Station  101+70, 
is  built  of  rabble  stone. 


For  the  intermediate  distance, 
730  feet ;  this  wfdl  is  in  pro- 
cess of  construction,  but  not 
finished  July  1. 1880. 


0.07 
0.15 
0.03 
0.07 
0.01 


!  Cement  parapet  commences  at 


tiane j  6.81 


4.44 

4.20 
4.51 
4.57 
4.50 
5.24 

5. 10    SUtion  102+15,  and  extends 

5.38    to  116+33. 
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5.43 
5.49 
5.36 
5.56 
5.76 
5.01 
6.15 
6.22 
e.63 
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Ath,  Miscellaneoiu  work  — On  the  sea  side  of  the  east  jetty  254  cabic  yards  of  stone 
AtkYQ  been  placed  between  Stations  112  and  116  as  a  protection  to  the  concrete  blocks 
from  the  undermining  action  of  the  sea,  which  at  some  points  has  caused  the  blocks 
to  tilt  seaward  slightly,  and  these  blocks  show  the  greatest  depression,  as  will  be  Seen 
by  preceding  tables. 

From  Station  75  to  80  116  cubic  yards  of  gravel  and  84  cubic  yards  of  stone  have 
been  placed  on  the  river  side  of  the  concrete  ulocks  as  a  protection  to  their  foundation, 
*  and  54  cubic  yards  of  stone  were  uned  in  preparing  the  foundation  from  Station  ^  to 
77.  Between  Stations  75  and  85  49  cubic  yards  of  macadam  and  44  cubic  yards  of 
^avel  have  been  placed  on  the  river  side  of  the  blocks;  15  cubic  yards  of  macadam 
and  105  cubic  yards  of  gravel  have  been  placed  on  the  river  side  between  Stations  66 
and  75 ;  between  Stations  63  and  (J5  the  surface  of  the  jetty  has  been  covered  by  108 
cubic  yards  of  marl,  which  was  ballast  nuiterial  discharged  from  vessels  here.  Between 
the  cribs  at  the  end  of  the  jetty  102  cubic  yards  of  stone  were  placed. 

The  sand  reef  east  of  the  east  jetty  (called  base  line  reef)  is  about  400  feet  further 
landward  than  it  was  February  3, 1879,  and  it  has  increased  in  area  since  February  13, 
last. 

In  consequence  of  the  movement  of  this  reef,  before  the  concrete  blocks  were  built, 
much  sand  was  thrown  over  the  jetty  into  the  channel,  causing  it  to  shoal  in  that 
vicinity. 

The  present  location  of  this  reef  is  shown  on  Chart  No.  2. 

In  order  to  hold  this  reef  at  its  present  junction  with  the  jetty,  203  cords  of  willows 
weighted  with  35  cubic  yards  of  stone  have  been  placed  as  represented  on  Chart  No.  2. 

(6.)  West  Jktty. 


But  little  work  has  bet-n  done  on  this  jetty  during  the  year  ;  three  spur  cribs  ba 
been  x>laced  on  the  sea  side  r t  Stations  112,  114,  and  115,  and  four  on  the  river  side 


have 
at 

Stations  110,  111,  111  -f  80,  r-ad  113.  Two  palmetto  cribs  have  been  placed  near  but 
seaward  of  the  end  of  the  jetty.  The  construction  of  these  cribs  is  the  same  as  de- 
scribed for  the  east  jetty  ;  their  location  is  shown  on  Chart  No.  5,  and  their  dimensions^ 
&c.,  are  given  in  the  table  concluding  section  1  east  jetty. 

Above  Station  89,  or  4,8-20  feet  below  pile  one,  at  which  point  the  concrete  blocks 
terminate,  the  work  of  raising  the  surface  of  this  jejty  was  commenced  August  27, 
1879,  at  which  time  there  was  considerable  leakage  over  the  jetty  at  this  point.  The 
stone  was  first  removed  along  the  axis  of  the  jetty,  and  placed  temporarily  on  either 
side,  leaving  a  trench  from  5  to  7  feet  wide,  the  bottom  of  which  was  the  upper  surface 
of  the  top  mattress.  This  trench  was  then  filled  with  gravel,  which  was  worked  down 
into  the  mattresses ;  stone  was  then  added  and  the  surface  leveled  off  to  an  elevation 
of  1  foot  above  average  floo<l  tide.  This  work  has  been  completed  for  a  distance  of 
1,500  feet  above  the  termination  of  the  concrete  blocks,  while  it  has  been  commenced 
and  both  stone  and  gravel  used  over  an  additional  length  of  1,400  feet.  Along  the 
whole  distance  (2,900  feet)  2,678  cubic  yards  of  gravel  and  1,434  cubic  yards  of  stone 
have  been  used. 

On  the  river  side  of  the  concrete  blocks  at  Station  112,  152  cubic  yards  of  stone  have 
been  placed  as  a  protection  to  their  foundation  ;  36  cubic  yards  of  macadam  was  also 
placed  along  the  river  side^f  the  blocks  at  different  points  below  Station  102 ;  76 
cubic  yards  of  marl  (ballast  material)  were  placed  on  tne  jetty  near  Station  70;  and 
70  cubic  yards  of  gravel  placed  on  the  river  side  of  the  concrete  blocks  from  Station 
99  to  101. 

The  concrete  blocks  on  this  jetty  show  no  serious  displacement,  as  will  be  seen  by 
reference  to  the  tables  concluding  section  2,  east  jetty. 

The  sand  reef  west  of  the  west  jetty,  shown  on  Chart  No.  2,  terminated  300  feet  from 
the  jetty,  at  Station  89,  on  January  19.  This  reef  was  connected  with  the  jetty  by  a 
.ayer  of  loose  willows,  weighted  with  stone.  Since  then  more  willows  and  stone  have 
been  added,  making  the  total  quantity  of  material  used  280  cords  of  willows  and  92 
cubic  yards  of  stone.  This  connection  was  nia<le  in  order  to  induce  reef  formation, 
and  to  obstruct  a  current  on  the  sea  side  of  the  jetty,  caused  by  water  flowing  over 
the  jetty  and  through  Kipp  Dam. 

Dam  at  Picayune  Bayou, — The  dam  across  this  bayou,  which  is  about  three-fifths  of 

mile  above  South  Pass  light-house,  has  been  strengthened  by  the  addition  of  34  cords 
of  willows. 

Additional  plant. — At  times  during  the  year  when,  on  account  of  wind  from  a  south- 
erly or  southeasterly  direction,  it  was  necessary  to  discontinue  work  on  the  jetties, 
the  force  was  employed  in  distributing  ballast  which  had  been  discharged  from  ves- 
sels, repairing  wharves,  walks,  buildings,  &c. 

The  wharf  in  front  of  the  hotel  has  been  entirely  rebuilt  and  considerablv  enlarged. 
It  is  now  133  feet  long  and  :id  feet  wide.  A  new  slaughter-house,  30  feet  long  and  25 
feet  wide,  has  been  built  on  the  west  shore  of  the  pass  opposite  East  Point ;  also  a 
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bfdUiing  24  feet  long  au(120  feet  wide  on  the  wharf  at  East  Point,  to  serve  as  quarters 
for  the  crew  of  the  dredge-boat  Bayley. 

Repairs  have   been  made  to  two  dwelling-houses,  and  three  houses,  together  with 
ihid  hotel,  have  been  repainted. 

EXAMINATIONS  AND  SURVEYS. 

Dnring  the  year  the  work  constituted  under  this  head  has  been  as  follows: 
Periodical  surveys,  to  determine  whether  a  channel  of  required  dimensions  was 
■^ntaine^l  through  the  jetties  and  at  the  head  of  South  Pa^s  ;  sediment  and  velocity 
ftWrvatioDs  ;  discharge  observations,  including  the  three  passes;  observations  to 
deU^rmine  the  slope  of  South  Pass;  tidal  observations ;  levels  on  concrete  blocks,  &c., 
t^ether  "with  more  extended  surveys,  charts  of  which  accompany  this  report,  and 
i&eet  work  required  for  the  reduction  and  plotting  of  the  whole. 

At  the  Head  of  J'aftses. — I  have  extended  the  survey  at  this  point  further  up  stream 
than  it  has  lfe«u  extended  since  before  the  inauguration  of  the  works  of  improvement, 
is  artier  to  ascertain  the  available  channel  deprii  from  the  main  river  into  South  Pass, 
nd  to  make  a  comparison  with  a  similar  survey  made  in  June,  187.%  by  the  officers  of 
ibe  Coast  Survey,  and  thus  to  note  the  changes  produced  by  the  works  here  after  a 
lipse  of  tive  years.  The  chart  of  this  survey  is  No.  4.  Without  entering  into  a  long 
Hid  tedious  comparison  to  deter  ine  the  areas  and  amounts  of  scour  and  fill,  1  wiU 
odeavor  to  present  graphically  the  results  of  my  determinations,  so  that  at  a  glance 
IB  idea  may  be  formed  of  the  changes  in  the  channels  during  the  period  under  consid- 
ention. 

On  Chart  No.  5  are  given  comparative  cross-sections  IJ  and  G  H,  taken  respectively 

£0  and  2,120  feet  above  Upper  Dam ;  the  extremities  of  the  lines  denoting  the  location 

tf  these  seottoriM  are  noted  on  Chart  No.  4  by  letters  corresponding  to  those  on  the 

prions.      Prt>lile8  of  lines  A  H,  C  1),  and  E  F,  Chart  No.  4,  are  also  given  on  Chart 

!ka.    These  s»*ctions  and  protiles  an^*  formed  trom  Coast  Survey  soundings  made  June, 

I^f  ADd  soaiidin^s  made  by  United  States  engineers  in  June,  1880.    From  an  inspec- 

imi  of  them  it  ^will  be  seen  that  but  little  change  has  taken  place  in  Southwest  Pass; 

tshoalinj^  is  inclicated  l>elo\v  the  mattre.ss-sill  in  the  location  at  which  the  profile  is 

i^en,  though  on  the  whole  there  luis  been  a  slight  deepening  below  this  sill.     North- 

fsst  Pass  shoinrs  a  quite  uniform  deepening,  while  South  Pans  has  greatly  increased  in 

ieptb.     The  deepening  in  South  Pass  above  a  cluster,  which  was  the  shoalest  portion 

e  April  11,  1H71I,  has  been  very  rapid  since  that  date,  and  also  since  December  2, 

Vn^  as  will  be  seeu  from  an  inspection  of  the  profiles  made  from  soundings  taken  on 

ioee  dates.      At  the  location  where,  on  July  10,  1879,  there  was  a  channel  26  feet 

iwp  and  SO  feet  wide,  there  now  exists  (June  7,  1880)  a  30-foot  channel  400  feet  wide. 

On  Jane  7  there  was  a  channel  from  the  main  river  into  South  Pass,  having  a  depth 

it8  feet  and  -width  300  feet,  with  a  central  navigable  depth  of  28.8  feet. 

The  decrease  in  area  of  section  1  J  is  evident  from  inspection,  while  the  influence  of 

r^piper  Dam  extends  as  far  up  as  section  G  H,  which  has  also  decreased  in  area  about 

tC5  square  feet  durin|;  five  years.    The  effect  of  Upper  Dam  on  the  improvement  of 

^  channel  from  the  nver  into  the  pass  may  be  traced  to  about  1,000  feet  above  it. 

The  stirvey  of  South  Pass  was  continued  to  the  head  of  Goat  Island  in  order  to  as- 

BRiain  the  depth  over  the  ^hoal  area  about  1^  miles  below  the  head  of  the  pass.     This 

errey  is  show^u  on  Chart  No.  4.     The  area  in  question  has  increas*^  in  depth  so  that 

«  Jnoe  3  the  least  depth  was  25.6  feet,  where  but  24  ftnjt  existed  one  year  ago.     This 

pinion  of  the  pass  was  alone  surveyed  at  this  time,  as  it  contained  the  only  shoal 

«^  in  the  pass  liable  to  require  deepening  in  order  that  a  26-f«K>t  channel  may  exist 

Imngh  tlie  pass  itself.     A  survey  of  the  whole  pass  will   be  made  when  the  river 

caches  its  low  stage,  as  such  a  survey  only  can  be  comparable  with  previous  surveys, 

£  rf  which  were  made  during  low  river. 

lh$€harge  and  slope  ohnen-ations, — When  practicable,  discharge  observations  in  the 

fc«r  passes  are  made  each  month  at  the  time  when  the  moon  is  at  its  zero  declination ; 

Molten  occurs,  however,  that  these  days  are  too  stormy  for  field  work,  and  conse- 

^arstly  these  observations  cannot  be  made  so  frequently  as  desired. 

la  connection  with  these  observations,  and  at  other  times,  though  always  at  moon's 

00  declination,  the  slope  of  South  Pass  has  been  observed  since  April  12.     Gauges 

»WB  established  every  mile  above  South  Pass  light-house,  and  at  Stations  22,  50,  80, 

i^  110  oiJ  the  jetties  below,  whose  zeros  correspond  with  the  reading  at  average  flood 

^on  the  gAUfZB  at   South  Pass  light-house,  and  were  established  by  levels  referred 

•  ilris  plane.     Two  series  of  readings  were  taken  each  day  that  observations  were 

^e  except  on  June  27,  when  only  one  series  was  taken.     The  results  of  these  ob- 

•rations  are  ^iven  in  full,  both  graphically  and  in  tabular  form,  on  Chart  No.  5. 
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The  following  table  gives  the  results  of  simultaneous  discharge  observations  in  the 
three  passes  since  June,  1876 : 


Date. 


1877. 
May  21 
May  22 
Sept  10 

1878. 
JTune    8 

1879. 
Dec.   19 

1880. 
Jan.    30 

Apr.  21 

Mean.. 


Table  giving  results  of  simultaneous  discharge  observathns. 


Discharge  in  cubic  feet  per  second. 


68, 387. 9 
71,  254.  8 
26,688 

61,  561. 6 

37, 893.  5 

68, 181. 2 

78,410.4 


-am 


^ 


276,280 
277,450 
125,898 

245,  SOL  2 

166,  894. 7 

281, 792. 9 

327, 916. 2 


|(2 


292,387 
292,  224.  5 
119,669 

264,822.8 

167,822.8 

290,699.4 

367, 199. 4 


I 


637,  054.  9 
640,929.3 
272,255 

571,  885. 6 

372, 611. 1 

640,673.5 

773,  526 


Per  cent,  of  total 
discharged  by — 


« 

ea 


^ 


10.6 
10.1 


10.5 


^5 


c^ 


10. 7  43. 4 

11. 1  ;  43.  3 

9. 8  :  46.  2 

10.  8  ,  42. 9 

10.  2  '  44. 8 


44.0 
42.4 


43.8 


45.9 
45.6 
44.0 

^6.3 

45.0 

45.4 

47.5 


45.7 


o  o 

02 


3.3 


Remarka. 


10.  8  River  stationary. 

10.9  I  Do. 

0.4  i  River  riding. 

10.7  '  River  rising  slightly. 


Do. 


11.8     River  stationary,  top 

of  rise. 
14. 2  Do. 


The  channel  through  the  jetties. — In  Appendix  A  are  given  copies  of  the  certificatea  of 
United  States  Engineer  Officers  in  charge  of  the  inspection  of  the  works  of  improye- 
ments,  surveys,  ^c,  during  the  year;  they  serve  to  show  the  condition  of  the  channel 
during  the  greater  portion  of  the  year. 

At  a  point  1,000  feet  below  East  Point  the  26-foot  channel,  which  is  now  200  feet 
wide,  decreased  in  width  about  60  ft- et  since  June  11, 1879 ;  otherwise,  the  channel  im- 

Srovement  has  been  very  marked  during  the  year,  as  will  be  seen  by  comparing  Chart 
iO.  2  with  the  chart  of  a  corresponding  number  in  the  last  annual  report. 

The  least  depth  through  the  jetties  at  present  is  31  feet,  and  the  least  width  of  the 
3U-foot  channel  is  40  feet ;  this  width  exists  at  points  between  1,000  and  2^000  feet  be- 
low EaMt  Point,  and  between  the  shoal  areas  beyond  the  ends  of  the  jetties  the  leaat 
width  of  this  channel  is  70  feet. 

Below  a  point  2,600  feet  from  East  Point  the  least  width  of  the  30-foot  channel  is 
120  feet,  except  between  the  areas  above  referred  to. 

By  an  inspection  of  Chart  No.  2,  and  a  comparison  with  previous  charts,  the  chan- 
nel improvement  below  (Station  65  -f  15)  where  the  concrete  work  commences  on 
the  east  jetty  is  very  evident.  This  improvement  is  due  to  the  building  up  of  this 
jetty  as  indicated  on  Chart  No.  2  (see  note  thereon),  and  thus  confining  a  large  volume 
of  water  which  previously  escapes!  over  it. 

The  30-foot  channel  near  the  end  of  the  jetties,  which  was  very  narrow  on  May  22, 
and  was  maintained  during  the  yearby  considerable  dredging,  hasincrcased  in  width 
since  that  date,  so  that  on  July  1  it  was  2^^  feet  wide  in  its  narrowest  place.  This  r*pid 
improvement  was,  no  doubt,  caused  by  the  building  of  the  last  140  feet  of  concrete 
blocks. 

The  depth  of  water  east  of  the  east  Jettv  and  xwest  of  the  west  jetty  has  increased 
below  the  sand  reefs,  while  above  them  it  has  shoaled  so  that  it  is  less  than  1  foot  at 
average  flood  tide. 

The  following  table  gives  the  minimum  depths  of  the  channel  from  East  Point  down- 
wards, in  lengths  of  2,000  feet,  at  various  dates,  and  serves  to  show  the  channel  im- 
provement : 
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Table  showing  depths  through  the  jetties  at  various  dates. 


Jxatt 

M«y 

Aagnst . . . 
Xomnber 


March  16. 
Xpril2... 
Anil  22.. 
lUjlQ.,. 
Xaya*... 


iwBe2B 

/■lyS 

Jaly? 

Jdy8 

July  28 

Angiiat  30  . . . 
SfDteniber28 
October  25... 
Ortober  31 . . . 
VoTonberd  . 
Serecnber  18 
December  1.. 
McenibeT  7 . . 
Dreember  14. 


itmuay  I.. 
Fdiraary  2 
Maxefa4  ... 
ICwehld  .. 
March  24  .. 
March  26  .. 
March  26.. 
March  27  .. 
>ril3 


23 

3. 

19 


J«Iy2 

I>ee6inber  2. . 
Deeeinber  3.. 

6.. 

28 


Jaaaai7  20  . 
FebroAry  13 
March  14  ... 
March  19  . . . 
March  24... 
March  27  . . . 

AarilS 

M!ayl3 

Jae  U 

Jane  12 

Jane  14 

iaaelS 

Jalyg 

AainiatlS  .. 
B0]iftoiuber  3 
October  7... 
lioTember  6 
Decembers 
Derember  4. 


Jweaary  2  .. 
February  4  . 
February  7  . 
F^imary  10 
March  5.... 


Date. 


1875. 
1976. 


1877. 


1878. 


1879. 


1880. 


72  E 


Diatance  in  feet  from  East  Point. 


0  to 
2,000. 


2,000  to 
4,000. 


4,000  to 
6,000. 


22.5 


23.3 
23.5 
22.0 


24.1 


24.0 


26.3 


26.0 


2&4 


28.6 


27.6 


30.5 


18,7 


20.3 
19.6 
20.3 


21.1 


24.0 


24.4 


25.9 


26.4 


27.6 


31.0 


3L1 


31.6 


2a4 
30.7 


16.7 


22.0 
21.0 
21.1 


23.2 


26.0 


28.6 


35.5 


85.7 


43.4 


6,000  to 
8,000. 


47.7 


31.0 


48.3 


8.000  to 
10.000. 


10.2 


21.0 
23.5 
21.2 


22.0 


0 


.  4 


10, 000  to 
12,000. 


9.2 


17.1 
23.0 
21.1 


21.2 


22.1 


23.8 


21.4 


23.5 


24.2 


23.0 


26.4 


24.3 


27.1 


25.3 


27.0 


20.2 


31.0 


81.7 


27.0 


29.2 


30.7 


31.8 


31.8 


32.0 


15.0 
19.8 
20.3 


20.5 
21.3 
20.5 
19.5 
17.8 
18.0 


20.3 
20.8 
20.7 


21.0 


21.3 


23.7 


23.0 
22.8 
23.2 
20.5 


23.0 
23.2 
22.3 
22.2 
22.0 
21.9 


23.0 
23.0 


23.9 
22.2 
24.8 


27.0 
27.0 
26.5 


28.0 


30.5 
29.0 
31.0 
80.5 
30.5 


30.8 


31.1 


I      30.9 

31. 6      1      30. 6 


1138  REPORT  OF  THE  CHIEF  OF  ENGINEERS,  U.  S.  ARMY. 


Tabic  showing  depths  through  iheJettieSf  j-c, — Continued. 


Date. 

1880. 

Distance  in  feet  from  East  Point. 

0  to 
2,000. 

2,000  to 
4,000. 

4,000  to 
6,000. 

6,000  to 
8.000. 

8,000  to 
10,000. 

10, 000  to 
12.000. 

April  6 

31.3 
32.1 

3L0 
83.3 

30.5 

May  3 

33.0 
31.0 

31  4 

•Tune  20 -- ... 

32.5 

June  30 

47.8 

31.4" 

as.  1 

Jaly  6 , 

82.0 

Survey  beyond  the  ends  of  the  jetties. — ^Tlie  survey  of  the  fan-shaped  area,  containing 
about  li  square  miles,  just  seaward  of  the  ends  of  the  jetties  was  made  in  June,  and 
is  given  on  Chart  No.  3.  The  sonndinffs  on  this  chart  have  been  compared  with  those 
taken  in  July,  1879,  and  the  scour  or  nil  in  each  subdivision  determined.  The  final 
result  shows  a  mean  scour  over  the  whole  area  of  0.12  of  afoot,  a  result  solnsippiificant 
that  we  may  well  consider  that  there  has  been  no  chance  in  this  area  during  the  year. 
The  areas  which  show  a  shoaling  are  2,  3,  and  9,  and  alfof  those  in  the  first  tier  nearest 
the  ends  of  the  jetties,  viz,  13, 14,  15,  16,  17,  18,  19,  20,  and  21. 

Why  there  has  been  so  httle  change  over  this  area  as  compared  with  previous  years 
may,  I  think,  be  accounted  for  by  the  building  up  of  the  east  jetty,  which  confined 
the  water  and  maintained  the  strong  current  created  by  the  recent  high  river,  and 
thus  carried  the  sediment  beyond  the  limits  of  the  survey. 

The  following  table  gives  the  comparisons  at  different  dates  in  detail  of  the  quan- 
tities of  water  in  21  subdivisions  of  a  fan-shaped  area  containing  about  1^  square  miles 
immediately  seaward  of  the  ends  of  the  jetties : 
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The  movement  of  the  various  curves  of  equal  depth  have  been  determined  by  com- 
paring those  of  July,  1879,  with  those  of  June,  1880,  by  measuring  ordinates  50  feet 
apart  at  right  angles  with  a  common  base ;  the  mean  ordinate  oi  each  curve  on  the 
two  charts  under  consideration  is  obtained,  and  their  diflference  is  the  advance  or 
recession  of  the  curve. 

The  following  table  gives  the  movement  of  curves  from  July,  1879,  to  June,  1880: 

I  I  I 

Deeignation  of  cun-e.  i    20'    j    30'        40^       50'       60'       70'       80'       00'    |  IOC 


Advanced  seaward,  in  f«^t 
Receded  landward,  in  feet . 


I  wish  to  acknowledge  the  service  of  Assistant  Engineer  Thomas  L.  Ravraond,  who 
has  rendered  valuable  assistance  during  the  year  by  close  applicatio!i  to  duty  and  the 
accuracy  of  his  work.  Mr.  G.  W.  Lawes  has  also  rendered  valuable  assistance,  espe- 
cially as  a  draughtsman. 

Very  respectfully,  your  obedient  servant, 

C.  Donovan, 
A8in«tant  Engineer, 
Capt.  W.  H.  Heuer, 

Corp9  of  Enyineera. 


A. 

The  following  are  copies  of  certificates  regarding  the  maintenance  of  channel  at 
the  mouth  and  head  of  South  Pass  of  the  Mississippi  River,  which  were  forwarded  to 
the  Hon.  Secretary  of  War,  through  the  Chief  of  Engineers,  by  the  United  States 
Engineer  Officers  in  charge  of  the  inspection  of  the  works  of  improvement  during  the 
year. 

CERTIFICATE  OF  THE  UNITED  STATES  ENGINEER  INSPECTING  OFFICER  OF  THE  FIRST 
quarter's  MAINTENANCE  (IN  1879),  BY  JAMES  B.  EADS,  OF  THE  26  AND  30  FOOT  CHAN- 
NELS AT  THE  MOUTH  OF  SOUTH  PASS,  MISSISSIPPI  RI\'1ER,  DESIGNATED  BY  THE  SEVERAL 
ACTS  OF  CONGRESS. 

Lawrence,  Mass.,  November  18,  1879. 

I  certify  that  between  the  dates  of  July  8, 1879,  and  October  30,  1879,  Mr.  James  B. 
Eads  maintained  a  channel  for  three  months  through  the  jetties  at  the  month  oC  South 
Pass,  Mississippi  River,  26  feet  in  depth  and  not  less  than  200  feet  in  width  at  the 
bottom,  and  having  through  it  a  central  depth  of  30  feet  without  regard  to  width. 

During  the  aforesaid  interval  of  time  there  were  22  days  when  a  failure  occarred 
in  some  part  to  maintain  intact  such  a  channel.  This  failure  was  on  the  I4th,  15th, 
16th,  and  17th  of  August,  for  the  first  period ;  from  August  27  to  September  11,  inclu- 
sive, for  the  second  period  ;  and  from  October  23  to  the  25th,  two  days,  for  the  third 
period. 

During  the  whole  of  the  interval  from  July  8  to  October  30  a  freely  navigable  chan- 
nel, having  a  greater  depth  than  26  feet,  has  been  maintained  at  the  head  of  South 
Paiis. 

The  minimum  condition  to  which  the  channel  deteriorat'ed  from  the  14th  to  the  17th 
of  August,  1879,  inclusive,  and  from  the  27th  of  August  to  September  11,  inclusive, 
and  for  the  two  days  from  October  23  to  25,  are  indicated  in  the  following  statementA, 
applying  to  the  mouth  of  South  Pass. 

August  14. — Opposite  Station  20  the  30-foot  channel  was  lacking  for  about  125  feet 
in  length,  and  the  least  depth  of  water  in  the  best  channel  was  28.5  feet. 

August  15. — On  the  bar  just  inside  the  last  wing-dam  the  30-foot  channel  was  lack- 
ing for  about  90  feet  in  leugtb,  and  27.8  feet  or  28  feet  were  indicated  as  present, 
although  a  sounding  was  lacking  in  the  place  needed  to  show  a  continuous  line  of 
that  depth  available  for  navigation. 

In  the  same  vicinity  and  at  the  same  date  the  26-foot  channel  was  deficient  in 
width  for  about  210  feet  in  length,  its  least  width  being  about  155  feet. 

August  27. — The  30-foot  channel  near  Station  74  was  lacking  for  about  130  feet  in 
length ;  the  least  depth  in  the  deepest  channel  was  about  28.8  feet. 

August  28.— At  the  same  place  the  30-foot  channel  had  closed  up,  so  that  it  was 
lacking  for  only  30  feet,  and  29.5  feet  was  found  in  the  deficient  interval. 

August  28.— Just  above  the  upper  wing-dam,  near  Station  10,  the  30-foot  channel 
was  lacking  for  about  oOO  feet  in  length,  and  28.7  feist  was  found  as  the  least  depth 
in  the  intervals  for  the  deepest  channel. 
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A»gmat  28. — Betweeu  near  Stations  10  and  20,  for  800  or  900  feet  in  length,  the  26-foot 
channel  was  leas  than  200  feet  wide,  its  least  width  being  about  150  feet. 

September  4. — Near  Station  10  the  30-foot  channel  was  lacking  for  about  750  feet,  and 
ibont  29  feet  was  the  greatest  depth  fonud. 

October  23. — The  26-foot  channel  was  deficient   in  width  opposite  Station  28  for 
about  200  feet  in  length,  its  least  width  being  about  180  feet. 

1  certify  that  the  above  statements  present  truly  the  results  of  official  surveys  made 
&t  Sonth  Pass,  Mississippi  River. 

M.  R.  Brown, 
Captain  of  Engineers j  U,  !s.  A, 


ClRTtt'ICATK  OF  THE  UNITED  STATES  ENGINEER  INSPECTING  OFFICER  OF  THE  SECOND 
QUARTKR'S  maintenance  (in  1879  AND  1880),  BY  JAMES  B.  EADS,  OF  THE  26  AND  30 
FOOT  CHAXNKLS  AT  THE  MOUTH  OF  SOUTH  PASS,  MISSISSIPPI  RIVER,  AS  DESIGNATED 
BY  THK  SRVKRAL  ACTS  OF  CONGRESS  AUTHORIZING  AND  PERTAINING  TO  THIS  IM- 
PROVEMENT. 

Lawrence,  Mass.,  February  16,  1880. 

I  certify  that,  betwieen  the  dat-es  October  30,  1879,  and  February  15,  1880,  both 
iates  inclusive,  Mr.  James  B.  Eads  maintained  a  channel  for  three  months  ''throngh 
the  jetties^'  at  the  month  of  South  Pass,  Mississippi  River,  ''26  feet  in  depth  and  not 
\ts9  than  ^200  feet  in  width  at  the  bottom,''  and  naving  through  it  *'a  central  deptl^ 
of  30  feet  without  regard  to  width." 

Dariiij^  the  aforesaid  interval  of  time  there  were  seventeen  days  when  a  failure 
«TniTed  in  some  part  to  maintain  such  a  channel. 

This  failure  -was  from  November  3  to  the  15th,  both  dates  inclusive,  according  to 
^cial  surveys  made  on  November  3  and  again  on  November  16.  But  on  November 
10  the  channel  was  claimed  as  restored,  although  stormy  weather  prevented  the  veri- 
ieation  of  this  claim  until  November  16. 

Failare  also  occurred  in  some  part  and  degree  from  the  21st  to  the  24th  of  November, 
With  datPM  inclusive. 

Durin^^  tlie  whole  of  the  interval  from  October  30,  1879,  to  February  15,  1880,  both 
4ites  inclusive,  a  freely  navigable  channel,  having  a  greater  depth  than  26  feet,  has 
been  maintained  at  the  head  of  South  Pass. 

The  minimnin  conditions  to  which  the  channel  deteriorated  from  the  3d  to  the  15th 
«f  November,  inclusive,  and  from  the  21st  to  the  24th  of  November,  inclusive,  are  indi- 
cted in  the  following  statement  applying  to  the  mouth  of  South  Pass: 

November  3,  1879,  within  but  near  the  ends  of  the  jetties,  the  30-foot  channel  was 
Ixkine  for  about  300  feet  in  length  and  the  least  depth  of  water  in  the  best  channel 
tkrongh  the  shoal  portion  was  2^.8  feet.  The  30-foot  channel  was  restored  in  this 
locality  after  6^  hours  of  dredging,  according  to  a  survey  on  November  4.  In  the  same 
ricinity,  but  nearer  the  ends  of  the  jetties,  the  26-foot  channel  was,  on  November  3. 
band  to  be  deficient  in  width  for  a  length  of  250  feet;  instead  of  having  the  required 
vidth  of  200  feet,  the  minimum  width  was  158  feet.  The  dredge-boat  worked  on  this 
^Muling  until  November  10,  and  it  was  then  reported  for  survey  by  Mr.  Eads's  repre- 
•cntative  as  restored  to  the  normal  width;  but  on  account  of  stormy  weather  a  survey 
wold  not  be  made  until  November  16,  and  then  the  above  designated  channel  was 
Rstored  to  its  proper  width,  the  dre<lge-boat  having  worked  in  restoring  it  18^  hours. 

November  6,  between  Stations  70  and  110,  the  26-toot  channel  was  deficient  in  width 
;>i  five  places,  aggregating  about  1,200  feet  in  leuj^th.  The  least  width  was  165  feet. 
Portions  on  these  deficient  stretches  were  successively  restored  to  the  proper  depth, 
according  to  surveys  made  November  7, 10,  and  16,  after  dredging  had  been  prosecuted 
IS  hours. 

November  6  the  30-foot  channel  was  interrupted  in  three  places,  aj^gregatlng  160 
ieH  in  length,  and  the  least  depth  in  any  of  these  shoal  portions,  in  the  deepest 
thannel  found,  was  29.5  feet. 

The  deficiencies  were  easily  removed  while  dredging  to  restore  the  deterioration  in 
•k»  width  of  the  26-foot  channel,  just  above  noted. 

Kovember  21,  between  stations  70  and  100,  the  26-foot  channel  was  deficient  in  width 

m  three  places,  aggregating  335  feet  in  length,  and  the  least  width  here  was  163  feet 

Also,  on  November  21,  between  Stations  75  and  101.  the  30-foot  channel  was  inter- 

ripted  in  four  places,  aggregating  in  length  about  420  feet,  and  the  least  depth  where 

tk»  deficiency  existed,  in  the  deepest  channel,  was  29.1  feet. 

These  deficiencies  in  the  26  and  30  feet  channels  were  found  all  restored  by  the  survey 
fsdiog  November  25,  after  37^^  hours  of  dredging,  which  included  the  time  spent  in 
dredging  still  another  area  where,  on  November  24,  the  30-foot  channel  was  wanting 
m  two  places,  aggregating  about  125  feet  in  length,  and  where  the  least  depth  in  the 
^btpe&t  ^water  was  2H.8  feet. 
Between  November  3,  when  the  first  deSciency  in  the  second  quarter's  mainteiiaTiCQ 
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was  discoveredy  and  November  10,  when  Mr.  Eads's  representative  reported  this  de- 
ficiency removed,  the  dredge  Bayley  worked  Hlf  honrs,  on  seven  days,  and  durini^; 
the  stormy  weather  which  prevented  a  survey,  from  November  10  to  November  16,  the 
dredge  worked  24  hours  in  all,  on  the  13th,  llth,  15th,  and  16th  of  November. 

AJ^gether  the  dredee  Bayley  worked  in  maintaining  and  restoring  the  channel  142f 
hours  in  November,  53  hours  in  December,  4  hours  in  .Kinuary,  and  up  to  February  10, 
inclusive,  23  hours  in  this  month  of  February. 

Accompanying  this  certificate  are  charts  which  present  the  condition  of  the  channel 
at  the  times  ana  in  those  places  where  a  deficiency  existed,  marked  No.  2,  No.  3,  No. 
4,  No.  5j  and  No.  6,  respectively. 

I  certify  that  the  above  statements  present  truly  the  results  of  official  surveys  made 
at  South  Pass,  Mississippi  River. 

M.  R.  Browx, 
Capiain  Engineer's ^ 
U.  S,  Engineer  Inspector  of  South  Pass  Jetties  Improvement. 


unitkd  states  inspecting  offlcer*8  certificate  for  maintenance  of  channel 
at  south  pass  of  the  mississippi  river,  as  designated  by  an  act  of  conoaesh 
approved  march  3,  1879. 

^  United  States  Engineer  Office, 

Port  EadSf  La,,  May  9,  1880. 

I  certify  that  between  the  dates  of  February  10,  1880,  and  May  9,  1880,  both  dat.es 
inclusive,  Mr.  James  B.  Eads  maintained  '' a  channel  through  the  Jetties''  at  the  mouth 
of  South  Pass  of  the  Mississippi  River  "twenty-six  feet  in  depth,  not  less  than  two 
hundred  feet  in  width  at  the  bottom,  and  having  through  it  a  central  depth  of  thirty 
feet  without  regard  to  width.'' 

W.  H.  Heuer, 

Captain  Engineers. 


United  States  EInginej-ir  Office, 

Port  Eads,  La.,  May  14,  1680. 

I  certify  that  between  the  dates  of  February  10,  1880,  and  May  9,  1880,  both  dat<^8 
inclusive,  a  navigable  channel,  having  a  greater  depth  than  26  feet  at  average  flood 
tide,  was  maintained  at  the  head  of  ^utli  Pass,  Mississippi  River. 

W.  H.  H«uer, 
Captain  of  Engineers, 


FINANCIAL  statement. 

Amount  available  from  appropriations  for  examinations  and  sur- 
veys at  South  Pass  of  the  Mississippi  River  June  1^,  1880 $7, 528  38 

Amount  appropriated  by  act  approved  June  14,  1880 20, 000  00 

127,528  38 

Amount  expended  from  June  18  to  June  30,  18«0 2,372  16 

Amount  available  July  1,  1880 25,156  22 

Amount  available  July  1,1879 28,825  37 

Amount  appropriated  by  act  of  June  14, 1880 20, 000  00 

48, 825  37 

Amount  expended  during  the  fiscal  year  ending  June  30,  1880, 

as  follows :  As  per  accounts  of  Capt.  M.  R.  Brown  from  Julv 
1,  1879,  to  April  9,  1880 1     17,947  68 

As  per  accounts  of  Capt.  D.  W.  Lockwood  from  April  9,  1880, 
to  June  18,  1880 2,792  24 

As  per  accounts  of  Capt.  W.  H.  Hener  from  June  18  to  June 

30,  1880 2,372  16 

Amount  allotted  "Mr.  James  Eveleth,  Agent  Engineer  Depart- 
ment," Washington,  D.  C,  "to  pay  clerk  employed  by  direc- 
tion of  the  honorable  Secretary  ot  War,  at  tiie  War  Depart- 
ment, to  June  30, 1880,  at  the  rate  of  f  1,000  per  annum.  (See 
letter  of  December  17,  1879,  from  Chief  of  Engineers) 557  07 

23,669  15 

Amount  avaikble  July  1,  1880 25,156  22 
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ESTIMATE  OF  FUNDS   REQUIRED   FOR  EXAMIXATI0X8  AND  SURVEYS  AT  SOUTH  PASS  OF 
THE  MISSISSIPPI  RIVER  FOR  TUE  FISCAL  YEAR  ENDING  JUNE  30,  IQ&Z, 

Two  assistant  engineers $4,000  00 

l*wo  steam  engineers 2,400  00^ 

Ten  seamen 7,800  Oa 

Rent  of  officers'  quarters 432  OO' 

Rent  of  assistant  engineers'  quarters 240  OO 

MiJeaj^  and  travelins  expenses 500  00 

Fuel  tor  steam  lanncnes 1,000  00 

Repairs  to  launches  and  boats 1,500  00 

Materials  and  supplies  for  launches ••• 500  00^ 

Stationery  and  supplies  for  office 400  0& 

Freight,  telegrams,  express  charges,  Sec, 300  00 

Contingencies 1,000  00 

Total 20,072  00 

.    W.  H.  Heueb, 
Captain  of  Engineers,  U.  8,  A, 
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MPROYEMENT  OP  THE  HABBOB  OF  NEW  OBLEANS;  OF  PEAEL  UIVEB, 
MISSISSIPPI;  OP  TANGIPAHOA,  AMITE,  AND  VEBMILLION  BIVEBS, 
AND  BAYOUS  TEBBEBONNE,  TEOHE,  COUBTABLEAU,  AND  LAFOUBCHE, 
LOIISIANA;   AND  OF  SABINE  PASS,  TEXAS. 


beport  of  major  c.  w,  howell,  corps  of  engineers,  officfr  ix 
charge,  for  the  fiscal  year  ending  j i  ne  30,  1^80,  jvith  other 
documents  relating  to  the  works, 

United  States  Enciineeb  Office, 

New  Orleans^  La,j  July  20,  1880. 

General  :  I  have  the  honor  to  forward  herewith  the  annual  report 
for  the  fiscal  year  ending  June  30,  1880,  of  the  various  works  of  river 
and  barbor  improvements  under  my  charge. 

Very  respectfully,  your  obediept  servant, 

C.  W.  Howell, 
Major  of  Engineers. 
Brig.  Gen.  H.  G.  Weight, 

Chief  of  Engineers^  U.  8.  A. 


M  I. 

IMPROVEMENT  OF  HARBOR  AT  NEW  ORLEANS,  LOUISIANA. 


HISTORY. 

This  work  originated  from  a  survey  made  in  the  winter  of  1877  and 
1878,  under  the  direction  of  a  Board  of  Engineers,  convened  at  the  re- 
quest of  the  city  authorities  of  i^ew  Orleans,  to  consider  plans  for  the 
protection  of  the  harbor  front  of  New  Orleans  from  the  effects  of  caving 
banks  of  the  Mississippi  along  that  front.  (See  Eeport  of  the  Chief  of 
Engineers,  1878,  volume  I,  Appendix  J  10.) 

The  United  States  assumed  charge  of  the  work  in  1878,  and  an  appro- 
priation of  $50,000  was  made  for  its  commencement. 

Under  this  appropriation  work  was  begun  and  continued  by  hire  of 
labor  and  purchase  in  open  market  until  the  appropriation  was  ex- 
hausted. (See  Report  of  Chief  of  Engineers,  1879,  Appendix  K  1,  and 
this  report) 

By  act  of  Congress  approved  March  3, 1879,  further  appropriation  was 
made  to  the  amount  of  $60,000,  and  under  this  the  work  was  put  out  at 
contract.     (See  this  report.) 
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By  act  of  Congress  approved  June  14,  1880,  appropriation  of  $75,000 
was  made  for  continuance  of  improvement,  and  this  it  is  proposed  to 
offer  at  contract.    (See  this  report.) 

The  work  for  the  fiscal  year  ending  June  30,  1880,  has  been  sucli  as 
indicated  in  my  report  for  1879,  viz : 

The  balanice  of  the  appropriation  of  1878  ($14,931.39)  has  been  ex- 
pended in  continuance  of  the  work  by  hire  of  labor  and  purchase  iu 
open  market,  and  the  appropriation  of  1879  has  l>eeu  put  out  at  con- 
tract. 

WORK  UNDER  BALANCE  OF  APPROPRIATION   OF   1878. 

In  regard  to  this  I  submit  the  following  extracts  from  my  monthly 
reports : 

July. — A  barge  load  of  canes  was  received  July  14,  and  the  work  of  weaving  maU 
was  resumed  July  15.  Eleven  mats,  200  by  26  feet,  were  placed,  matting  30,800  super- 
ticial  feet  of  bank ;  80  piles  were  driven  iu  line  between  the  wharf  at  the  head  of 
Marigny  street  and  lower  side  of  wharf  at  Post  No.  24,  between  Spain  and  Enghieu 
streets,  third  district. 

Twenty-four  piles  were  pulled  at  different  points  along  the  line  of  the  piles  driven. 

July  26. — The  work  of  weaving  and  sinking  mats  was  again  suspended  on  account 
of  failure  of  contractor  in  supplying  cane.     *     »     * 

August. — During  the  moiitn  22  mat>s,  200  by  26  feet,  were  jilaced,  matting  6l,60C 
superficial  feet  of  the  river's  bank,  or  308  running  feet  frontage :  211  sections  of  uiat 
were  woven,  and  3,1^  bags  for  ballast  were  tilled  with  sand.  Seven  days  were  lo»i 
by  failure  oi  contractor  to  keep  a  supply  of  cane  at  the  works,  and  three  days  lost  bj 
stormy  weather. 

August  22. — The  ways  barge  was  sunk  during  a  severe  storm. 

September. — Fourteen  mats,  200  by  26  feet,  and  1  mat,  175  by  26  feet,  were  placrec 
matting  41,650  superlicial  feet  of  the  ri\'erbank.  September  1  a  severe  storm  cow 
menced,  increasing  to  a  hurricane,  resulting  in  the  following  loss  to  the  work,  not 
withstanding  every  eftbrt  was  made  to  save  the  property  : 

One  ways  barge  broke  up  and  went  to  pieces,  valued  at |47&  ' 

One  sand  barge  sunk,  valued  at 7f^ 

Sixty  tons  of  sand  lost  on  sand  barge "*' 

Damage  to  pile-driver,  loss  of  sand  bags  filled,  say 


Total  damage  (estimated) 63^  ' 

Twelve  piles  were  driven  during  the  month.  Owing  to  the  losses  above  repox^^ 
the  work  of  making  and  placing  mats  was  suspended  aiter  September  1  until  the  ^^ 
when,  a  barge  having  been  purchased  and  fitted  up  as  a  ways  barge,  the  work  of  plii^ 
ing  mats  was  resumed  and  continued  during  the  remainder  of  the  month   *        * 

October. — The  work  of  manufacturing  and  placing  mats  was  continued  to  October  1^ 
when  operations  were  suspended  on  account  of  exhaustion  of  the  appropriation  of  Juo^ 
18,  1878.  Twenty-seven  mats,  200  by  26  feet,  were  placed,  matting  75,600  superticia- 
feet  of  the  river  bank.     •     *    * 

The  principal  items  in  the  foregoing  extracts  sum  up  as  folloXvs,  viz: 

Number  of  carpets  laid 7i 

Running  feet  of  fipont  covered 1,  llfi 

Square  feet  of  river  bed  covered  (=  16,628  square  yards) 149, 650 

If  it  had  been  possible  to  have  laid  the  carpets  with  the  same  regu- 
larity as  they  could  have  been  laid  above  water,  they  would  have  cov- 
ered 207,200  square  feet  =  23,022  square  yards. 

The  loss,  therefore,  due  to  the  variable  currents  and  eddies  that  dis-t 
turb  the  laying  of  the  mats,  is  about  25  per  cent. 

Making  an  estimate  in  the  manner  of  report  of  1879,  and  taking  the 
balance  of  appropriation  of  1878  ($14,931.39)  for  our  purpose,  the  follow- 
ing results,  viz : 

Cost  per  square  yard  covered $0. 89-f- 

Cost  p^r  running  foot  of  front i:<.  IJS-f- 
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Tbe  fi^oires  ^o  toward  coiifiriniDg  the  opinion  expressed  in  m^'  report 
of  1879,  viz :  That  experience  wonld  result  in  a  great  reduction  of  cost — 
a  rednction  to  $10  or  less  per  running  foot. 

EfiUmate  based  on  the  laying  of  the  last  9  mats  put  down  shows  a 
further  reduction,  viz,  83  cents  per  square  yard  and  $8.68  per  running 
foot;  but  these  mats  were  laid  under  favoring  circumstances,  and  the 
fignros  cannot  be  taken  as  a  sound  basis  for  estimate  of  the  work  done 
and  yet  to  be  done  on  that  portion  of  the  harbor  front  obstructed  by 
shipping  and  caved-in  wharves.  It  is,  however,  no  doubt,  large  for  un- 
obstructed portions  of  the  harbor  front. 


In  prosecuting  the  work  above  reported  much  annoyance  and  delay 
wa8  caused  by  the  shipping  in  the  harbor,  and  it  was  found  necessary 
to  move  from  point  to  point  on  the  line,  leaving  breaks  to  be  filled  in  as 
tbe  shipping  was  removed  frx)m  their  front.  This  was  done  so  as  to 
inconvenience  as  little  as  possible  all  parties  concerned,  and  the  line 
of  mats  was  finally  made  continuous  with  exception  of  one  gap  left  open 
on  account  of  construction  of  a  ferry  slip  at  the  head  of  Elysian  Fields 
street    It  is  now  observed  that  the  portion  of  the  harbor  front  above 
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this  break  has  stood  well  during  the  year,  while  the  two  wharves  below 
the  break  (which  were  covered  by  the  matting)  have  given  way. 

This  may  suggest  that  continuity  of  the  line  of  protection  should  be 
preserved  fix)m  its  point  of  commencement  at  the  foot  of  the  batture  to 
the  lowest  point  in  the  river  bend  needing  protection. 

It  is  further  suggested,  inasmuch  as  the  two  wharves  referred  to  hav< 
been  heavily  loaded  with  merchandise,  since  the  placing  of  the  protec 
tion  work  in  front  of  them,  that  the  weight  of  this  merchandise  has  lia( 
much  to  do  with  the  giving  way  of  the  wharves. 

This  is  indicated  by  the  manner  in  which  the  wharves  have  gone  dow^ 
as  illustrated  by  the  diagram  on  page  1147. 

It  is  the  center  of  the  wharves  (where  the  merchandise  is  general! 
piled)  that  gives  down,  and  the  lower  corner  of  the  T  head,  about  whi€ 
there  is  usually  an  eddy. 

K  the  wharves  were  more  substantially  built  with  piling  extending* 
a  suitable  depth,  and  if  the  piling  of  heavy  merchandise  on  top  of  th.^ 
should  be  prevented,  the  matting  in  front  will  protect  them  from  ^ 
a>ction  of  the  river  currents,  and  I  have  no  doubt  that  they  would  sta^i 
securely. 

With  a  view  toward  getting  full  information  regarding  the  cau.25 
affecting  the  stability  of  wharves,  I  had  a  record  kept,  in  the  usual  fo^ 
of  all  pUes  driven  during  the  year.  This  record  has  not  yet  been  ca^ 
fully  studied,  but  a  brief  examination  shows  great  irregularity  in  '^ 
character  of  the  holding  ground  aitbrded  the  piles.  This  matter  wilL 
made  the  subject  of  further  study  during  the  present  year. 

The  river  is  yet  at  too  high  a  stage  for  examination  of  the  work 
down  to  ascertain  its  condition. 

It  was  suggested  last  year  that  the  shrimps  (which  are  known  to 
the  oakum  out  of  the  seams  of  vessels  lying  in  port)  might  attack 
spun-yam  used  in  construction  of  the  mats.    Some  experiments 
therefore  made,  serving  to  indicate  that  there  is  nothing  to  be  feax:^ 
from  this  cause  of  deterioration.  * 

After  suspension  of  work  in  October,  the  record  of  the  year  is  only  oi 
of  the  care  of  property  left  on  hand,  and  the  completion  of  arrangemei3 
for  continuance  under  contract. 

CONTINUANCE  BY  CONTRACT. 

Appropriation  of  $60,000  was  made  by  act  of  Congress  approved  Majo 
3,  1879.  Under  date  of  April  5,  1879, 1  was  officially  notitied  of  appr 
priation  and  directed  to  submit  project. 

Project  was  submitted  under  date  of  April  12. 

Under  date  of  September  6, 1  submitted  for  approval  specification^ 
&C.J  and  riequested  authority  to  publish. 

September  17, 1  published  advertisement  asking  for  proposals. 

October  20,  bids  were  opened. 

The  following  is  an  abstnict : 
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1, 

In  the  river  and  harbor  act  approved  March  3, 1879,  appropi 
$6,000  was  made  for  commencing  the  work  between  Jackson 
thage,  and  (see  report  above  cited)  it  was  proposed  to  ex] 
amount  (as  far  as  it  would  go)  by  contract  in  removing  obsl 
that  it  was  estimated  would  cost  $21,000  to  remove. 

In  preparing  specifications  for  the  work  so  as  to  trim  the  latter 
the  amount  appropriated,  and  yet  be  of  as  much  benefit  to  na^ 
as  possible,  it  was  decided  to  limit  the  work  to  those  obstructidi 
would  most  embarrass  navigation  at  a  stage  5  feet  above  the  loi 
stage  of  the  river. 

After  approval  of  these  specifications,  and  after  the  work  had  be* 
advertised  under  them,  bids  were  received  and  opened  on  Octobe 

The  following  is  an  abstract  of  the  bids  received : 
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J.  S.  Hamilton  &  Co.  being  the  lowest  responsible  bidders  the  contract 
was  awarded  them,  and  articles  of  agreement  dnly  entered  into  nndcr 
date  of  November  20, 1879,  and  approved  under  date  of  December  1, 
1879. 

The  following  is  the  body  of  the  agreement : 

This  agreement  witnesseth  that,  in  conformity  with  the  advertisement  and  specifi- 
cations hereunto  attached,  and  which  form  a  part  of  this  contract,  the  said  Charles  ^\. 
Howell,  for  and  in  hehalf  of  the  United  States  of  America,  and  the  said  J.  S.  Hamilton  d 
Co.,  for  themselves,  their  heirs,  execatora,  and  administrators,  have  mutually  agreed, 
and  by  these  presents  do  mntuaUy  covenant  and  agree,  to  ana  with  each  other,  as  fol- 
lows, viz : 

To  perform  the  work  of  removing  obstructions  to  navigation  in  Pearl  River  between 
Jackson,  Mississippi,  and  Carthage,  Mississippi,  marked  A  to  P,  inclusive,  in  con- 
formity with  their  proposal,  copy  attached,  and  as  set  forth  in  said  advertisement 
and  specifications. 

At  the  time  agreement  was  entered  into  the  river  was  at  too  high  a 
stage  for  commencement  of  work.  Under  date  of  March  11,  1880,  the 
contractors  informed  me  that  they  were  ready  to  commence,  and  called 
for  an  inspector  to  aid  them  in  recognizing  the  work  provided  for  in 
their  agreement.  An  inspector  (the  assistant  who  made  the  examina- 
tion) was  at  once  dispatched  to  perform  the  duty  (provided  for  in  agree- 
ment). 

The  duty  was  performed  and  duly  reported  to  me. 

Since  that  I  have  been  informed  by  the  contractors  of  progress  in  their 
work  to  this  effect :  That  they  have  been  engaged  on  such  work  required 
of  them  as  could  be  done,  the  stage  of  the  river  considered,  viz,  the 
cutting  of  trees  on  bank,  and  that  they  would  attend  to  the  other  work 
as  the  river  fell,  so  as  to  permit  them  to  work  to  advantage. 

Under  the  agreement  no  further  inspection  will  be  required  until  the 
contractors  claim  that  they  have  fulfilled  their  part  of  the  agreement. 

In  the  river  and  harbor  act  approved  June  14, 1880,  there  was  further 
provision  made  for  this  work  to  the  amount  of  $7,500. 

The  following  project  for  expenditure  of  this  amount  has  been  sub- 
mitted, viz : 

PROJECT. 

It  is  proposed  to  continue  the  improvement  by  the  removal  of  all 
obstructions  (not  covered  by  present  contract)  to  a  5-foot  low-water  nav- 
igation from  the  bridge  at  Jackson  to  the  highest  point  on  the  stream 
above  that  the  appropriation  will  cover,  and  also  to  let  out  this  work  at 
contract. 

Specifications  drawn  in  accordance  with  the  above  project  have  also 
been  submitted. 

The  work  is  located  in  the  State  of  Mississippi,  and  the  nearest  light-house  is  on  the 
HigoletSy  opposite  mouth  of  West  Pearl  River. 

The  work  is  not  considered  permanent  because  it  appears  quite  certain 
that  the  channel  opened  will  gradually  fill  in  places  with  drift,  &c. 

To  complete  the  improvement  of  this  river  under  the  present  project  an 
additional  appropriation  of  $7,500  is  recommended  for  the  fiscal  year 
ending  June  30, 1882. 

Original  estimated  cost , $21,000  00 

Amount  appropriated 13,500  00 

Amount  expended 213  03 


APPENDIX   M.  1156 

Money  statement 

July  1,1879,  amount  available $6,000  00 

Amount  appropriated  by  act  approved  June  14,  1880 7, 500  00 

$13, 500  00 

July  1.1880,  amount  expended  during  fiscal  year 213  03 

JulyUi^,  amount  available 13,286  97 

Amoont  (estimated)  required  for  completion  of  cKisting  project 7, 500  00 

Amoont  that  can  be  profitably  expended  in  fiBcal  year  ending  June  30, 1882.  7, 500  00 


M  3. 

IMPROVEMENT  OF  PEARL  RIVER,  BELOW  JACKSON,  MISSISSIPPI. 

This  work  originated  in  an  examination  authorized  by  act  of  Congress 
approved  Jane  18, 1878,  a  report  of  which,  together  with  plan  and  esti- 
mate, was  published  in  Report  of  the  Chief  of  Engineers  for  1879,  Appen- 
dix K2. 

By  act  of  Congress  approved  June  14, 1880,  the  sum  of  $30^000  was 
appropriated  for  its  commencement. 

It  is  proposed  to  commenoe  the  work  of  improvement  at  Jackson  and 
continue  it  down  stream,  so  far  as  the  amount  appropriated  will  permit,  by 
removing  from  the  banks  all  overhanging  trees  and  disposing  of  them  in 
such  manner  that  they  may  not  again  become  obstructions  to  navigation. 
Akoto  clear  a  passage-way  100  feet  wide  through  the  fish-traps  situated 
a  short  distance  below  Jackson,  and  to  remove  from  the  bed  of  the  river 
all  trees,  logs,  and  snags  found  in  it  to  a  depth  of  at  least  5  feet  below 
low-water  mark,  or,  where  such  depth  of  water  does  not  exist,  to  the 
bottom  of  the  river,  said  trees,  logs,  and  snags  to  be  placed  in  cut-offs 
or  run-out  bayous,  or  where  cut-offs  or  run-out  bayous  are  not  available, 
to  place  them  on  the  banks  and  burn  them  or  otherwise  dispose  of  them 
so  that  they  shall  not  again  become  obstructions  to  navigation. 

The  work  to  be  done  by  contract  and  award  to  be  based  on  the  number 
of  miles  proposed  to  be  improved  for  the  amount  of  money  available. 

The  original  estimate  for  this  work  was  $95,940,  or  $65,940  more  than  has 
been  appropriated,  and  it  is  therefore  recommended,  for  the  continuance 
of  the  work  under  the  present  project,  that  an  additional  appropriation 
of  165,940  be  made  for  the  fiscal  year  ending  June  30, 1882. 

The  commercial  importance  of  this  work  was  indicated  in  the  report 
of  examination. 

The  work  is  not  considered  of  a  permanent  character,  as  obstructions, 
caused  by  trees  falling  into  the  river,  drift-logs,  and  snags  are  liable  to 
reform  at  any  time. 

The  work  is  located  in  the  collection  district  of  New  Orleans,  and  the  nearest  ligbt- 
hoiue  IB  on  the  Rigolets,  opposite  mouth  of  West  Pearl  River. 

Original  estimated  cost $95,940 

Amount  appropriated 30,000 

Money  statement. 

Amount  appropriated  by  act  approved  June  14,  1880 $30, 000  00 

July  I,  I8&),  amount  available 30, 000  00 

Amojint  (e.sfiniiiti'd)  re<iuired  lor  compU'tion  of  existing  prqj»*ct  05,940  00 

Arrjoiiijt  tl:at  tau  be  prorttably  expended  in  fiscal  year  ending  June  30,  l5*82.     6r>,940  (KV 
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M  4. 

IMPROVEMENT  OF  TANGIPAHOA-  RIVER,  LOUISIANA. 

This  work  originated  in  an  examination  authorized  by  act  of  Congress 
approved  June  18, 1878,  a  report  of  which,  together  with  plan  and  esti- 
mate for  improvement,  was  published  in  House  Ex.  Doc.  Ko.-  54,  Forty- 
sixth  Congress,  second  session. 

By  act  of  Congress  approved  June  14, 1880,  an  appropriation  of  $5,000 
was  made  for  its  commencement. 

It  is  proposed  to  expend  this  money  in  improving  the  navigation  of 
the  river  by  removing  from  the  banl^  all  overhanging  trees,  also  to 
remove  from  the  bed  of  the  river  all  trees,  logs,  and  snags  found  in  it, 
to  a  depth  of  5  feet  below  low- water  mark,  or,  where  such  depth  of  water 
does  not  exist,  to  the  bottom  of  the  river,  said  trees,  logs,  and  snags  to 
be  placed  in  cut-offs  or  run-out  bayous  with  a  view  to  tiieir  closure,  or, 
where  these  do  not  exist,  to  be  placed  on  the  banks  and  burned,  or 
otherwise  disposed  of,  so  as  not  again  to  become  obstructions  to  navi- 
gation. 

The  work  to  be  done  by  contract,  and  to  be  continuous  firom  the  mouth 
of  the  river  up. 

The  original  estimate  for  this  work  was  $10,700,  the  amount  appro- 
priated $5,000,  and  it  is  recommended  that  $5,700  be  appropriate  for 
the  fiscal  year  ending  June  30, 1882,  to  complete  it. 

The  commercial  importance  of  the  work  was  indicated  in  the  report  of 
examination. 

The  work  is  not  considered  of  permanent  value,  as  the  obstructions 
caused  by  drift- trees  and  snags  are  liable  to  replacement  by  new  obstruc- 
tions of  the  same  character  supplied  by  caving  banks. 

The  work  is  situated  in  the  collection  district  of  New  Orleans.    The  nearest  light- 
house is  at  the  mouth  of  Pass  Manchac. 

Total  estimated  cost $10,700 

Amount  api»ropriated 5,000 

Money  statement. 

Amount  appropriated  by  act  approved  June  14,  1880 $5, 000  00 

July  1,  1880,  amount  available 5,000  dO 

Amount  (estimated)  required  for  completion  of  existing  project 5, 700  00 

Amount  that  can  be  profitably  expended  in  fiscal  year  enaiug  June  30, 1882 .  5, 700  00 


M  5. 

IMPROVEMENl'  OF  AMITE  KIVER,  LOUISIANA. 

This  work  originated  in  an  examination  authorized  by  act  of  Congress 
approved  March  3, 1879,  a  report  of  which,  together  with  plan  and  esti- 
mate for  improvement,  was  printed  in  House  Ex.  Doc.  No.  54,  Forty- 
sixth  Congress,  second  session. 

By  act  of  Congress  approved  June  14,  1880,  the  sum  of  $8,000  was 
appropriated  for  its  commencement. 

It  is  proposed  to  expend  this  sum  in  improving  the  river  by  remov- 
ing from  its  banks  all  overhanging  trees,  and  disposing  of  them  so  that 
they  shall  not  again  become  obstructions  to  navigation ;  also  to  remove 
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from  the  bed  of  the  river  all  trees,  logs,  and  sna  gs,  and  other  obstmc 
tioDS,  to  a  depth  of  at  least  5  feet  below  low- water,  or,  where  such  depth 
of  water  does  not  exist,  to  the  bottom  of  the  river ;  said  trees,  logs,  and 
gnags  to  be  placed  in  cnt-offs  or  run-oat  bayous,  or  where  no  cut-ofEs  or  run- 
oQt  bayoos  are  available,  they  shall  be  placed  on  the  banks  and  burned 
or  otherwise  disposed  of,  so  as  not  again  to  become  obstructions  to  navi- 
gation. 

The  work  of  improvement  to  commence  at  the  mouth  of  the  river  and 
not  to  be  done  by  contract,  award  being  based  on  the  number  of  miles 
co&tinQoasly  proposed  to  oe  improved  for  the  amount  of  money  availa- 
ble. 

The  original  estimate  for  the  work  was  $23,760,  or  $15,760  more  than 
the  amount  appropriated,  and  it  is  therefore  recommended  for  continu- 
ance of  the  work  that  an  appropriation  of  $15,760  be  made  for  the  fis- 
cal year  ending  Jane  30, 1882. 

The  commercial  importance  of  the  work  was  indicated  in  report  of 
eiamiDation. 

The  improvement  is  not  considered  a  permanent  one,  as  the  obstruc- 
dons  caused  by  trees  falling  into  the  river,  drift-logs,  and  snags  are  lia- 
ble to  re-form  at  any  time. 

The  work  is  located  in  the  collection  district  of  New  Orleans,  and  the  nearest  light- 
house is  at  the  mouth  of  Pass  Manchac. 

Orifinal  estimated  cost $23,760 

.\iDoiiiit  appropriated 8, 000 

Money  statement. 

Amoant  appropriated  by  act  approved  June  14,  1880 18,000  00 

Jttljl,18&0,  amount  available 1 8,000  00 

Aoonnt  (estimated)  required  for  completion  of  existing  project 15, 760  00 

AiDOQflt  that  can  be  profitably  expended  in  fiscal  year  enmng  Jnne  30, 1882. .  15, 760  00 


M  6. 

IMPROVEMENT  OF  VERMILLION  RIVER,  LOUISIANA. 

This  work  originated  in  an  examination  authorized  by  act  of  Congress 
approved  March  3, 1879,  a  report  of  which,  together  with  plan  and  es- 
tinuite  for  improvement,  was  printed  in  House  Ex.  Doc.  No.  54,  Forty- 
sixth  Congress,  second  session. 

By  act  of  Congress  approved  June  14, 1880,  an  appropriation  of  $5,000 
▼as  made  for  commencement  of  the  work. 

It  is  prox>osed  to  expend  this  sum  in  improving  the  river  by  removing 
from  its  banks  all  overhanging  trees,  and  from  its  bed  all  trees,  logs, 
snags,  and  other  obstructions  to  a  depth  of  5  f^t  below  low-water 
mark,  or,  where  such  depth  does  not  exist,  to  the  bottom  of  the  river. 

It  is  proposed  to  commence  the  work  of  improvement  at  the  railroad 
bridge  about  3  miles  above  Pin  Hook  Bridge,  and  if  any  money  is  left 
after  this  work  has  been  completed  to  expend  it  in  improving  the  bar  at 
the  mouth  of  the  river. 

The  examination  f  n  which  this  project  is  based  was  made  before  the 
railroad  bridge  was  built,  and  extended  only  to  Pin  Hook  Bridge;  it  is 
deemed  desirable,  however,  that  the  work  of  improvement  should  com- 
mence a8  recommended  above  in  order  to  afford  communication  withth^ 
railroad. 
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It  is  proposed  to  have  the  work  done  by  contract,  proiwsals  being 
Tited  in  the  nsnal  way  and  award  based  on  the  amount  for  which  tbie 
bidder  proposes  to  clear  the  river,  as  indicated,  from  the  railroad  brid  ^e 
to  its  month. 

The  original  estimate  for  the  work  was  $9,900,  or  $4,900  more  th  sin 
the  amount  appropriated,  and  it  is  therefore  recommended  that  an  Gk/^- 
ditional  appropriation  of  $4,900  be  made  for  the  fiscal  year  ending  Jaxie 
30,1882. 

The  commercial  importance  of  the  stream  was  set  forth  in  report   of 
the  survey.    The  work  is  not  considered  permanent,  as  the  obstructians 
to  navigation,  caused  by  drift-logs,  snags,  &c.,  may  be  replaced  by  oth- 
ers of  a  similar  character  from  caving  banks  and  other  causes. 

The  work  is  located  in  the  collection  district  of  New  Orleans,  and  the  nearest  light- 
house is  at  the  entrance  of  Atchafalaya  Bay. 

Original  estimated  cost $9, 900 

Amount  appropriated 5,00<) 

Money  statement. 

Amount  appropriated  by  act  approved  June  14,  1880 $5, 000  00 

July  1,  1880,  amount  available 5,000  00 

Amount  (estimated)  required  for  completion  of  existing  project 4, 900  00 

Amount  that  can  be  profitably  expended  in  fiscal  year  ending  June  30,  1882 . .  4, 900  00 


M  7. 
IMPROVEMENT  OF  BAYOU  TERREBONNE,  LOUISIANA. 

This  work  originated  in  an  examination  authorized  by  act  of  Congress 
approved  March  3, 1879,  a  report  of  which,  together  with  plan  and  esti- 
mate for  improvement,  was  published  in  House  Ex.  Doc.  No.  54,  Forty- 
sixth  Congress,  second  session. 

By  act  of  Congress  approved  June  14,  1880,  an  appropriation  of 
$10,000  was  made  for  its  commencement. 

It  is  proposed  to  expend  this  sum  in  obtaining  a  4-foot  navigable  chan- 
nel down  the  bayou  from  Houma.  To  do  this  it  will  be  ne<5es8ary  to 
clear  away  the  overhanging  willows  and  bushes  on  the  right  bank  of  the 
bayou  for  a  distance  of  20  miles  below  Houma  and  to  dredge  the  shoal 
spots  that  exist  at  intervals  for  a  distance  of  6  miles  below  that  place. 

The  work  to  be  done  by  contract. 

The  work  is  not  considered  permanent,  as  the  shoals  below  Houma  are 
apt  to  reform  with  each  high-water. 

The  original  estimate  for  this  work  was  $18,800,  or  $8,800  more  than 
the  amount  appropriated.  A  further  appropriation  of  $8,800  for  the 
Hscal  year  ending  June  30, 1882,  is  therefore  recommended  to  continue 
the  work  of  improvement  and  maintaining  a  navigable  channel  4  feet  in 
depth  from  Houma  jlowu. 

The  commercial  importance  of  the  bayou  was  indicated  in  the  report 
of  the  examination. 

The  work  is  located  in  the  collection  district  of  New  Orleans.  The  nearest  light- 
house is  near  the  east  end  of  Timbalier  Island. 

Original  estimated  cost $18, 800 

Amount  appropriated 10, 000 

Money  statement. 

Amount  appropriated  by  act  approved  June  14,  1880 $10, 000  00 

July  1,  1880,  amount  avaibible 10,000  00 

Amount  (estimated)  required  for  completion  of  existing  project 8, 800  00 

AmoHnt  that  can  be  profitably  expended  in  fiscal  year  ending  June  30,  1882.       8,  800  00 
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M  8. 

IMPROVEBiENT  OF  BAYOU  TECHE,  FROM  SAINT  MARTINSVILLE  TO  PORT 

BARRE,  LOUISUNA. 

Ibis  work  originated  in  an  examination  authorized  by  act  of  Congress 
approved  March  3, 1879,  a  report  of  which,  together  with  plan  and  esti- 
mate for  improvement,  was  published  in  House  Ex.  Doc.  Ko.  54,  Forty- 
sixth  Congress,  second  session. 

By  act  of  Congress  approved  June  14, 1880,  an  appropriation  of  $6,000 
wa8  made  for  its  commencement. 

It  is  proposed  to  expend  this  money  in  the  work  of  improvement  by 
removing  from  the  bank  all  trees  to  a  distance  of  50  feet  from  the  middle 
of  the  bayou;  also  to  remove  all  trees,  logs,  snags,  wrecks,  and  other  ob- 
^tractions  from  the  bed  of  the  bayou  to  5  feet  below  low-water  surface, 
or  where  such  depth  of  water  does  not  exist  to  the  bottom  of  the  bayou, 
and  placing  them  on  the  banks  above  high-water  or  burning  them,  so 
that  they  shall  not  again  become  obstructions  to  navigation. 

From  Leonville  to  Port  Barre,  13  miles,  there  has  not  been  sufficfent 
water  for  navigation  within  the  memory  of  the  oldest  inhabitants,  except 
daring  the  extreme  high-water  of  1874.  At  the  time  of  the  examina- 
tioD,  Uie  low- water  suriace  at  Leonville  was  4^  feet  above  that  in  the 
Courtableau,  while  4  miles  from  Port  Barre  the  bottom  of  the  channel  was 
6  feet  above  low- water  in  the  Courtableau. 

For  these  reasons  it  is  not  deemed  advisable  at  present  to  expend 
any  of  the  appropriation  for  this  year  in  improving  the  bayou  above 
LeoQville. 
The  work  to  be  done  by  contract. 

The  original  estimate,  which  was  for  improving  the  bayou  from  New 
Iberia  to  Leonville,  provided  for  3  needle-dams  and  locks,  by  which 
good  navigation  would  be  secured  during  the  year,  at  high-water  the 
dams  being  removed ;  and  it  is  recommended  that  an  appropriation  of 
$50,690  be  made  for  the  fiscal  year  ending  June  30, 1882,  to  complete  the 
improvement. 

The  small  bars  found  in  this  bayou  are  caused  by  draining  ditches, 
and  some  means  should  be  adopted  to  stop  this  and  have  the  drainage 
ditches  run  into  the  swamps  instead. 

The  work  maj'  be  considered  of  a  permanent  character,  in  the  ordi- 
nary acceptation  of  the  term  permanent  as  applied  to  works  of  this 
kind,  if  with  needle-dams  and  locks;  otherwise  not,  as  the  obstructions^ 
caused  by  trees,  logs,  and  snags,  are  Ijable  to  reform. 

The  commercial  importance  of  the  work  is  set  forth  in  the  report  of 
examination. 

The  work  U  located  in  the  coHection  district  of  New  Orleans.    The  nearest  light- 
hooae  is  at  the  entrance  to  Atchafalaya  Bay. 

Ori^nal  estimated  cost ^,690 

Amount  appropriated 6,000 

^foney  statement. 

Xmonnt  appropriated  by  act  approved  Jnne  14^  ISf^ $6, 000  00 

JoJy  1,  lH80,4imoant  available 6,000  00 

AjB4mnt  (estimated)  required  for  completion  of  existing  project 50,690  OO 

Affioanf  that  can  be  profitably  exi>ended  in  fiscal  year  ending  Jnne  30, 1882 . .  50, 690  00 
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M  9. 

IMPROVEMENT  OF  BAYOU  OOURTABLEAU,  FROM  PORT  BARRE  TO  ATCMA- 

FALAYA,  LOUISIANA. 

This  work  originated  in  an  examination  authorized  by  act  of  Con- 
gress approved  March  3, 1879,  a  report  of  which,  together  with  plan  and 
estimate  for  improvement,  was  published  in  House  Ex.  Doc,  No.  54, 
Forty-sixth  Congress,  second  session. 

By  act  of  Congress  approved  June  14,  1880,  an  appropriation  of 
$7,500  was  made  for  its  commencement. 

The  principal  obstruction  in  this  portion  of  the  Courtableau  is  Little 
Devil  Bar,  near  its  junction  with  the  Atchafalaya.  The  bar  varies  in 
length  at  different  seasons  of  the  year,  and  at  times  is  perfectly  dry. 

To  remove  this  bar  by  dredging  would  only  benefit  navigation  for  one 
low- water  season,  as  the  succeeding  high-water  would^cause  it  to  reform. 

To  remove  this  bar  and  prevent  its  reforming  it  is  proposed  to  close 
the^n-out  bayous  to  the  south,  of  which  there  are  33,  between  Port 
Barre  and  the  Atchafalaya.  Before  this  can  be  done  to  advantage, 
however,  a  detailed  survey  of  the  locality  is  deemed  necessary  to  de- 
termine the  best  positions  for  the  dams  and  the  proper  height  to  be 
given  them,  a  necessity  stated  in  the  report  of  examination.  A  plan 
and  estimate  for  such  a  survey,  and  the  reasons  for  making  it,  were  for- 
warded for  approval  July  8, 1880. 

To  further  insure  low-water  navigation  to  Washington  with  Little 
De^  Bar  removed,  there  will  be  required  a  lock  and  needle-dam  about 
4  miles  below  Port  Barre,  and  the  commercial  importance  of  the  stream 
is  deemed  sufficient  to  warrant  the  additional  expense  for  its  construc- 
tion. 

In  case  it  is  only  proposed  to  improve  that  portion  of  the  bayou  be- 
tween Port  Barre  and  the  Atcha&laya,  the  following  will  be  the  estimated 
cost: 

PORT  BARRE  TO  ATCHAFALAYA. 

Clearing  the  bayou  of  snags,  &c,y  18  miles $900 

Closing  run- out  bayous 20,000 

One  needle-dam  and  look 15,000 

Contingencies,  10  percent • 3,590 

Total 39,490 

Original  estimated  cost 39,490 

Amount  appropriated 7,500 

It  is  recommended  that  $31,990  be  appropriated  for  the  fiscal  year  end- 
ing June  30, 1882.  to  complete  the  work. 

The  commercial  imx>ortance  of  the  work  was  indicated  in  the  report 
of  examination. 

The  work  is  considered  to  be  permanent  in  the  ordinary  acceptation 
of  the  term  as  applied  to  workH  of  this  kind. 

The  work  is  located  in  collection  district  of  New  Orleans.  The  nearest  light^house 
is  at  the  entrance  to  Atchafalaya  Bay. 

Money  statement 

Amount  appropriated  by  act  approved  Jane  14,  1880 f7,500  00 

July  1,  li«0,  amount  available 7,500  00 

Amount  (estimated)  required  for  completion  of  existing  project 31, 990  00 

Amount  that  can  be  profitably  expended  in  fiscal  year  ending  June  30, 1882.  31, 990  00 
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M  10. 

IMPROVEMENT  OF  BAYOU  LAFOURCHE,  LOUISIANA. 

This  work  ori^nated  from  surveys  authorized  by  act  of  Congress  ap- 
proved March  3, 1873,  for  report  of  which  see  Eeport  of  Chief  of  Engi- 
neers, United  States  Army,  for  1874,  Appendix  R  13,  and  Report  of 
Chief  of  Engineers,  United  States  Army,  for  1875,  Appendix  S  5. 

Under  act  of  Congress  approved  June  18, 1878,  appropriating  $10,000, 
a  portion  of  the  work  was  commenced.  (See  Report  of  Chief  Engineers 
for  1879,  Appendix  K  3.) 

By  act  of  Congress  approved  March  3, 1879,  a  further  appropriation 
of  110,000  was  made  available,  and  with  a  pornon  of  this  and  a  balance 
of  the  preceding  appropriation,  work  was  continued  during  the  past  fiscal 
•  year.    (See  this  report.) 

By  act  approved  June  14, 1880,  an  additional  appropriation  of  $5,000 
was  made  for  continuing  the  work. 

The  close  of  the  fiscal  year  of  1878  and  1879  found  the  work  suspended 

00  account  of  high  water  in  the  bayou.  Work  was  resumed  on  the  15th 
of  July,  1879,  the  water  in  the  bayou  then  having  fallen  to  what  was 
considered  a  suitable  stage  for  recommencement  of  work  of  removal  of 
KQch  obstructions  as  snags,  stumps,  raft  heaps,  and  wrecks. 

On  tMs  kind  of  improvement  work  was  continued  until  December  23, 
1879,  when  it  was  suspended,  as  was  done  the  previous  year,  because  of  too 
high  water  to  work  to  advantage,  leaving  much  yet  to  be  done  in  this 
direction. 

The  work  done  during  the  season  favoring  (135  working  days)  is  sum- 
marized as  follows : 

Wrecks  removed • 10 

Soagi  and  stamps  removed 747 

Logs  removed 80 

Actual  working  days 106 

I>ay9  lost  from  sickness,  from  moving  from  place  to  place,  and  from  delay  for 
repairs • 19 

The  field  of  work  extended  from  Thibodeaux  to  a  point  3  miles  below 

ockport. 

The  work  has  gained  in  importance  during  the  year,  because  of  a 
canal  connection  made  between  the  Lower  Lafourche  and  Upper  Bara- 
taria  Bay,  and  thence  to  New  Orleans  through  the  bayous  and  canals 
connecting  the  bay  with  the  Mississippi  Biver,  opposite  New  Orleans. 
This  makes  the  low- water  navigation  of  the  bayou  in  a  large  measure 
independent  of  the  long  shoal  at  its  head,  which,  as  I  have  before  reported 
in  effect,  it  would  be  money  thrown  away  to  attempt  to  dredge  out. 

It  is  now  proposed  to  simply  continue  the  work  of  removing  obstruc- 
tions, as  during  the  past  year,  from  3  miles  below  Lockport  down  to 
this  canal,  to  beqefit  this  x>ortion  of  the  bayou  as  much  as  possible ;  the 
work  to  be  done  as  reported  herein  by  hire  of  labor  and  purchase  in 
ojien  market.  This  will  serve  all  the  large  interests  below  Thibodeaux, 
particularly  those  of  the  rice  farmers,  an  interest  that  has  greatly  increased 
within  the  last  few  years. 

1  have  everything  on  hand  necessary  for  continuing  the  work,  except 
the  labor,  which  is  to  consist  of  an  overseer  and  a  crew  of  12  men. 

The  stage  of  water  in  the  bayou  will  soon  be  suitable  for  recommence- 
ment. 
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The  work,  so  fsur  as  that  portion  contemplating  removal  of  obstructioi: 
is  concerned,  may  be  considered  as  susceptible  of  permanent  completio 

The  work  is  located  in  the  collection  district  of  New  Orleans.    The  nearest  lie 
houses  are  those  at  the  mouth bf  the  Mississippi  and  at  the  entrance  to  Atchafalaya  Ba; 

Original  estimated  cost , f  100, 100 

Amount  appropriated 25, 000 

Amonnt  expended 1..       11,994 

As  the  unexpended  balance  of  the  amounts  already  appropriated 
deemed  sufficient  to  complete  the  work  of  improvement  under  the  prese 
project,  no  additional  appropriation  for  the  fiscal  year  ending  June 
1882,  is  recommended. 

Money  statement. 

July  1^  1879,  amount  available J^13,817  81 

Amount  ai^propriated  by  act  approved  June  14,  1880 5, 000  00 

|18, 817   ^l 

July  1 ,  1880,  amount  exi>ended  during  fiscal  year 5, 726  59 

Julvl,  1880,  outstanding  liabilities 86  05 

5,812  64 

July  1,  1880,  amount  available 13,005  17 


M  II. 

IMPROVEMENT  OF  SABINE  PASS  AND  BLUE  BUCK  BAR,  TEXAS. 

SYNOPSIS  OF  niSTOEY. 

An  examination  of  this  pass  was  made  during  the  fiscal  year  ending 
June  30, 1873,  report  of  which  was  forwarded  to  the  Chief  of  Engineers 
with  my  annual  reports  for  that  year. 

In  compliance  with  instructions  from  the  Chief  of  Engineers,  dated 
January  20  and  23, 1875, 1  submitted,  February  4, 1875,  report  with  plan 
and  estimates  "  for  the  improvement  of  the  navigation  of  the  harbor 
and  bar  at  Sabine  Pass,  Texas."  (See  Keport  of  Chief  of  Engineers  for 
1875,  Appendix  S  10,  pages  945  to  947.) 

In  the  act  of  Congress  approved  March  3, 1875,  $20,000  were  appro- 
priated for  the  work,  which  was  let  out  at  contract  but  the  contractors 
failed  in  their  agreement,  and  the  contract  was  annulled. 

Under  act  of  Congress  approved  August  14,  1876,  appropriating 
$38,000  and  balance  of  the  appropriation  for  1875,  the  work  was  again 
advertised  for  contract,  but  as  it  was  estimated  that  the  lowest  respon- 
sible bid  received  would  not  complete  a  channel  of  the  specified  depth 
of  12  feet,  all  bids  were  rejected  and  the  United  States  dredgeboat  Es- 
sayons,  lying  idle  at  JS^ew  Orleans,  was  sent  to  perfonn  the  work. 

The  Essayons,  after  about  half  completing  a  channerthrough  the  bar 
ranging  from  12  to  15  feet  in  depth,  became  disabled  by  the  unexpected 
failure  of  her  boilers,  and  was  ordered  to  New  Orleans  for  repairs. 

The  disastrous  result  attending  an  attempt  to  substitute  the  McAlester 
is  reported  in  my  annual  report  of  last  year.  (See  Report  of  Chief  of 
Engineers  for  1878,  Appendix  J  4,  pages  609  and  610.) 

Eepairs  to  the  boilers  of  the  United  States  dredgeboat  Essayons,  re- 
ported in  progress  in  my  last  annual  report,  were  completed  and  the 
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vessel  sailed  for  Sabine  Pass  August  7, 1878,  to  continue  the  work  of 
dredging— 

1st.  In  deepening  and  widening  tlie  channel  across  the  outer  bar,  and 
tben 

2d.  Excayating  a  channel  across  the  reef  that  separated  the  harbor  of 
Sabine  City  firom  the  roadstead  inside  of  the  outer  bar. 

The  work  was  continued  until  February  7, 1879,  when  operations  were 
suspended  and  the  Essayons  ordered  to  New  Orleans. 

The  reasons  for  suspension  and  other  particulars  are  given  in  the  Ee- 
port  of  the  Chief  of  Engineers  for  1879,  Appendix  K  4. 
At  the  close  of  the  fiscal  year  ending  June  30, 1879,  the  dredgeboat 
employed  on  this  work  remained  laid  up  at  New  Orleans  and  in  good  con- 
ditioD,  awaiting  further  appropriation,  and  with  a  balance  of  appropri- 
ation on  hand  of  $18,409.23,  which  amount  was  not  considered  sufficient 
for  resuming  the  work  during  the  fiscal  year  ending  June  30, 1880. 
During  the  past  year,  therefore,  the  work  has  remained  suspended, 
with  exception  of  that  required  for  care  of  the  very  valuable  property 
pertaining  to  it. 

This  property,  with  all  the  care  that  could  be  given  it,  is  not  to-day  in 
as  good  condition  as  it  was  this  time  a  year  ago,  and  before  being  again 
actively  employed  will  require  some  further  repair. 

By  act  of  Congress  approved  June  14, 1880,  further  appropriation  of 
$50,000  was  made  for  this  work  and  Blue  Buck  Bar.  With  the  balance 
of  last  year's  appropriation  now  on  hand  this  gives  for  re-commence- 
ment of  work  during  the  present  year  the  total  of  $64,775.14,  which 
amount  can  be  expended  during  the  year  in  dredging  to  some  advantage, 
but  is  not  considered  large  enough  to  continue  the  work  throughout  the 
year.  One  hundred  thousand  dollars  was  the  amount  recommended, 
and  thie  recommendation  was  made  with  a  full  knowledge  of  the  neces- 
sities of  the  case. 

It  is  proposed  during  the  fall  season  of  the  present  fiscal  year  to  place 
the  dredgeboat  Essayons  again  in  commission  and  employ  her  exclu- 
sively in  deepening  and  widening  the  channel  across  the  outer  bar,  for 
so  long  a  time  as  the  means  afforded  and  the  proper  care  of  the  dredge 
afterward  will  permit. 

The  rider  on  the  work,  viz.  Blue  Buck  Bar,  has  no  further  right  to 
connection  with  it  than  that  given  by  association  in  the  act  of  appro- 
priation. 

The  condition  of  this  so-called  bar  in  Sabine  Lake,  above  Sabine  Pass 
and  Harbor,  wa«  made  the  subject  of  special  survey  and  report  in  1872 
(see  Report  of  Chief  of  Engineers  for  1873,  Appendix  Q  10),  when  it 
was  found  that  there  was  6  feet  of  water  over  it  at  mean  low  tide ;  a  little 
greater  depth  said  to  be  available  through  the  lake,  and  3  J  feet  over  the 
bars  of  the  Sabine  and  ^N'eches  rivers  at  the  head  of  the  lake. 

The  navigation  over  Blue  Buck  Bar  is  now  governed  by  that  over  the 
river  bars,  which  latter  have  recently  been  improved  to  give  5  feet  navi- 
gation, which  is  yet  less  depth  than  that  shown  over  Blue  Buck  by  the 
survey  of  1872. 

It  is,  therefore,  proposed  to  treat  the  rider  in  its  connection  with  the 
Sabine  Pass  work  by  a  simple  examination  and  special  report  afterward, 
and  by  recommendation  that  it  be  permitted  to  stand  upon  its  own 
merits. 

It  is  thought  that  there  is  a  growing  demand  for  some  good  harbors 
on  the  Onlf  coast  west  of  the  Mississippi.  I  have,  in  effect,  said  this  so 
often  in  previous  reports  that  it  may  at  first  appear  superfluous  to  8«y  it 
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again.    1  mentioD  it  because  during  the  past  year  I  have  had  to  answer 
many  inquiries  relative  to  Sabine  Harbor. 

I  have  answered,  in  effect,  Hiat  the  location  is  good;  the  harbor  capa- 
cious and  susceptible  of  enlargement,  land-locked,  and  safe  j  the  bar  at 
its  entrance  susceptible  of  improvement  to  any  degree  desired  and  at 
comparatively  small  expense ;  the  country  immediately  tributary  suited 
for  development,  and  the  rapid  growth  of  Texas  and  of  the  countries 
north  and  westward,  with  their  railroad  connections,  such  as  appeared 
to  warrant  improvement  of  the  harbor  and  its  entrance. 

It  will  be  seen  from  this  expression  of  opinion  that  I  think  it  desirable 
that  suitable  appropriation  be  made  for  works  of  improvement  at  the 
entrance  to  the  harbor. 

I  therefore  reconmiend  appropriation  for  continuing  the  work  during 
the  year  ending  June  30, 1882,  to  the  amount  of  $114,317,  the  amount 
to  be  made  available  for  works  to  be  designed  for  rendering  the  present 
work  permanent. 

The  results  of  the  work  of  dredging  during  the  present  year  while  in 
progress  will  enable  preparation  of  detailed  plans  for  works  assuring 
permanency  of  the  dredged  channeL 

The  latter,  as  was  stated  in  my  report  for  1879,  cannot  be  considered 
as  permanent  unless  it  be  given  some  lateral  protection. 

The  work  is  sitnated  in  the  collection  district  of  Galveston,  and  the  nearest  light- 
house is  at  the  entrance  to  the  pass. 

"So  commercial  statistics  have  yet  been  obtained. 

Original  estimated  cost $390,317  00 

Amount  appropriated 163,000  00 

Amount  expended d8,224  86 

Money  statement 

Julyl,  1879,  amount  availahle $18,409  23 

Amount  appropriated  by  act  approved  June  14,  1880 50, 000  00 

$68,409  23 

July  1,  1880,  amount  expended  during  fiscal  year 3, 542  89 

Julyl,  1880,  outstanding  liabiHties 91  20 

3,634  09 

July  1,1880,  amount  available 64,775  14 

Amount  (estimated)  required  for  completion  of  existing  project 114, 317  00 

Amount  that  can  be  profitably  expended  in  fiscal  year  ending  June  30, 1882 .  114, 317  00 


t 


M    12. 

examination  of  vermillion  river,  louisiana. 

United  States  Engineer  Office, 

New  Orleans,  February  21  j  1880. 

General  :  I  have  the  honor  to  submit  herewith  report  of  Assistant 
Engineer  W.  H.  Hoffman  of  an  examination  of  Vermillion  Eiver,  Louisi- 
.ana. 

The  act  of  Congress  approved  March  3, 1879,  provides  for  a  survey  or 
examination  of  Bayou  Vermillion^  but  as  the  stream  is  called  Vermillion 
Biver  on  the  maps  of  this  State  it  is  so  termed  by  Mr.  Hoffman  in  his 
report. 
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Tracings  of  a  chart  drawn  to  a  scale  of  5-5VF  wUl  be  forwarded  in  a 
separate  package. 

The  recommendations  of  Mr.  Hoffman  as  to  jilan  of  improvement  are 
8et  forth  in  his  report,  and  are  concurred  in.  His  estimates  are  also 
approved,  the  total  amount  of  which,  viz,  $9,900,  could  be  expended  to 
advantage  on  the  work  during  the  ensuing  fiscal  year. 

The  work  is  not  susceptible  of  permanent  completion. 

I  am  unable  to  furnish  valuable  information  concerning  the  commer- 
cial importance  of  this  work. 

It  is  located  in  the  coUection  district  of  New  Orleans.  The  nearest  light^house  is  at 
tbe  entrance  to  Atchafalaya  Bay. 

Very  respectfully,  your  obedient  servant, 

C.  W.  Howell, 
Major  of  Engineers. 
Brig.  Gen.  H.  G.  Wright, 

Chief  of  Engineers^  U.  8.  A. 


REPORT  OF  MR.    W.    H.    HOFFMAN,   ASSISTANT  ENGINEER. 

New  Orleans,  La.,  January  31^  18S0. 

Major  :  I  have  the  honor  to  submit  the  foUowing  report  on  the  examination  of  the 

Vermillion  River :  *■    i^- 

A  transit  and  stadia  line  was  carried  from  Pin  Hook  Bridge,  which  is  the  present 

head  of  navigation,  to  the  mouth  of  the  river,  a  distance  of  49  miles;  soundings  were 

taken,  and  topography  and  all  obstructions  noted.     VermiUion  River  starts  from  the 

jonciion  of  Bayou  Barbeaux  and  Bayou  Fusilier,  and  by  the  Fusilier  it  is  connected 

vith  tibe  Teche.     The  river  flows  through  what  is  known  as  the  Attakapas  region,  a 

high,  slightly-rolling  prairie  country.     The  banks,  for  42  miles  below  Pin  Hook  Bridge, 

ire  of  red  clayey  sou,  above  all  overflow,  except  strips  of  marsh  occasionally  found 

from  50  to  100  feet  in  width.     Trees  grow  upon  both  banks  for  the  first  42  miles  to  an 

average  width  of  100  feet,  and  are  the  only  timber  near.     The  remaining  7  miles  to 

the  month  is  sea-marsh,  covered  at  high-tides.     Pin  Hook  Bridge  has  no  draw,  but 

one  conld  easily  be  made  in  it.     Only  at  great  freshets  would  there  be  water  sufficient 

for  navigation  were  the  obstructions  in  the  channel  above,  connecting  it  with  the 

Teche,  removed;  but  the  supply  of  water  is  fully  sufficient  for  slack-water  navigation^ 

with  locks  to  retain  the  water  at  the  height  necessary  for  it  to  pass  the  Fusilier.     The 

Veimillion,  at  Pin  Hook  Bridge,  is  wide  and  deep  enough  for  small  steamboats.     The 

tide  in  the  Gulf  determines  the  height  here  entirely,  except  during  freshets,     There  is 

a  slight  current  at  low  tide.     The  right  bank  is  about  20  feet  high  at  the  bridge,  and 

tbe  Mft  5  to  7  feet.    The  first  4  miles  is  now  so  filled  by  snags,  logs,  and  trees  blown 

in  daring  the  September  gale  as  to  be  impassable.     There  are  also  many  overhanging 

trees  on  the  banks.    A  shoal  at  the  end  of  the  second  mile  is  caused  by  a  prairie  coulde, 

and  has  but  2  feet  water  at  low-tide.    At  Four-mile  Point  the  steamers  now  stop  and 

transfer  freight  for  Vermillionville  to  flatboats,  which  are  poled  up  to  the  bridge. 

Tbe  river  below,  to  the  ninth  mile,  is  narrow  and  much  obstructed  by  overhanging 

and  fallen  trees  and  snags.    There  are  also  four  shoals,  the  first  of  which  is  but  10 

feet  long,  and  appears  to  be  of  logs  across  the  bayou,  having  but  2  feet  over  them  at 

low-water,  and  4  feet  on  either  side.     The  next  is  caused  by  a  ditch  from  the  high 

land,  the  other  two  by  prairie  coulees.    These  shoals  cause  much  delay  to  steamers,. 

as  they  can  cross  only  at  high  tide ;  their  removal  by  dredging  and  closure  of  the 

channels  causing  them  will  help  navigation.    From  the  ninth  to  the  twentieth  mile 

the  least  depth  is  4  feet  at  low- water,  which  is  sufficient  for  the  boats  in  the  trade. 

There  are  a  few  snags  and  some  overhanging  trees.     Below  the  twentieth  mile  the 

river  gradually  increases  in  width  and  depth  to  its  mouth ;  the  only  obstructions  are 

a  few  snags.     Abbeville  is  on  the  twenty-fourth  mile,  and  is  the  largest  town  on  the 

river,  and  ihe  shipping  point  for  the  region  to  westward.    The  river  enters  Vermillion 

Bay  in  a  little  cove  at  its  western  end,  which  is  a  good  harbor  at  its  mouth ;  but  there 

is  a  e^oal  bar  between  this  cove  and  the  bay,  over  which  the  depth  at  low-tide  is  but 

2  feet.    The  channel  could  probably  be  improved  by  making  a  jetty  of  brush  or  cane 

faacines  fit>m  the  shore  to  the  island,  shutting  oil'  the  incoming  current  over  the  mud 

tiki  at  rising  ti<i®  *"^d  forcing  it  to  follow  the  course  taken  by  ebb-tide,  wlucYi  is  Wve 

channel  followed  by  boats.    A  chart  of  the  river  ia  made  on  a  scale  of  -^-(f^xr- 
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The  estimated  cost  of  improvements  below  Pin  Hook  Bridge  is  as  follows :  , 


Clearing  and  removal  of  snags  5  miles  from  bridge,  at  $200 

Clearing  and  removal  of  snags  next  15  miles,  at  $100 

22,000  yards  dredging  at  mouth,  at  25  cents 

Jetty 

Engineering  and  contingencies,  10  per  cent 


Total I 

The  commerce  to  be  benefited  is  that  of  Vermillionville  and  Abbeville,  wj( 

surrounding  country.  i 

Yours,  respectfully,  W.  H.  HoFFMAN^i 

Assistant  EngSi, 
Maj.  C.  W.  Howell,  ^ 

Corps  of  Engineers,  U.  S.  A, 


EXAMINATION  OF  BAYOU  TECHE,  LOUISIANA.  ' 

United  States  Engineer  Office,    i 
New  Orleans^  February  27, 18^ 

General  :  I  have  the  honor  to  submit  herewith  the  rei>ort  of  Am 
ant  Engineer  H.  G.  Gollins,  of  an  examination  of  Bayou  Teche,  La 
iana,  provided  for  in  act  of  Gongress  approved  March  3, 1879.  i 

Tilings  of  chart,  drawn  to  a  scale  of -^^Vo-j  will  be  forwarded  ^ 
separate  package.  ' 

Eecommendations  of  Mr.  Gollins  as  to  plan  of  improvement  are 
forth  in  his  report  and  are  concurred  in.    His  estimates  are  also  | 
proved.    The  whole  amount  can  be  expended  to  advantage  during  i 
ensuing  fiscal  year,  viz,  $58,190. 

I  am  unable  to  furnish  valuable  information  concerning  the  comn^ 
cial  importance  of  the  work. 

It  is  located  in  the  collection  district  of  New  Orleans.    The  nearest  light-liousi 
at  the  entrance  to  Atchafalaya  Bay. 

Very  respectfully,  your  obedient  servant, 

G.  W.  Howell, 
Major  of  Engineers.. 
Brig.  Gen.  H.  G.  Wright, 

Chief  of  Engineers^  U.  8.  A. 


REPORT  OF  MR.   H.   0.   COLLINS,   ASSISTANT   ENGINEER. 

New  Orleans,  La.,  January  31,  1880. 

Major  :  After  delivering  to  Mr.  Elms  the  instruments  and  instructions  for  the  survel 
of  the  Courtableau,  I  made  an  examination  of  the  Teche.  Mr.  Harrod,  the  State  engi> 
neer  of  Louisiana,  gave  me  the  notes  of  a  compass  line  and  the  level  notes  which  had  beeQ 
taken  on  a  survey  made  by  Mr.  d'Hemecourt  and  Mr.  Elms.  As  this  survey  had  been 
made  so  recently,  it  waa  only  thought  necessary  to  go  over  the  country  and  take  the 
notes  of  topography  and  soundings  and  get  some  other  information  which  was  not 
contained  in  the  notes. 

Mr.  Harrod*8  survey  extends  from  Washington,  on  the  Courtableau,  to  Saint  Martins* 
ville.  A  survey  was  made  by  Mr.  Duke,  under  your  direction,  in  1870,  and  I  had  a 
tracing  of  this  chart  also,  to  see  what  changes  had  been  made  below  Saint  MartinsviUe 
since  it  was  before  surveyed,  and  the  present  obstructions  in  it.  It  was  extreme  low- 
water  in  all  the  west  delta  bayous  at  the  time  of  the  examinations  in  August,  1879,  a« 
there  had  been  an  unusually  long  drought,  and  there  is  probably  never  any  less  water 
than  there  was  at  that  time.  Bayou  Teche  loaves  the  Courtableau  at  Barrj-'s  Landing, 
but  the  upper  portion  of  it  so  filled  that  no  water  runs  down  it  with  loss  than  an 
8-foot  rise  of  the  Courtableau,  and   with  n   nm^  of  15  feet  tin*  channel  leaving  the 


^ 
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Cimrt^bleaii  has  a  Hurfacc  width  of  bat  30  tVet.  Small  as  this  chaiiucl  is,  a  large  part 
of  it  for  the  first  4  miles  is  filled  by  stamling  trees,  which  grow  even  dowu  to  the 
bottom  of  it,  and  with  overhanging  trees,  bushes,  and  lo^s  and  fallen  trees.  The 
banks  are  above  the  high- water  of  1874,  which  was  the  highest  known.  They  are 
entirely  of  Red  River  deposit.  Dnring  the  high-water  of  1874,  ilatboats  loaded  with 
lumber  and  fencing  material  piisseil  down  through  this  channel,  but  it  could  only  be 
»m\  at  very  high  water,  when  the  lower  willow  trees  were  so  covered  with  water  that 
boats  eoold  bend  them  down  and  pass  over  them. 

For  the  greater  part  of  the  year  only  a  little  stream  of  water,  the  drainage  of  the 
gpriiigti  in  the  bank,  finds  its  way  down  this  channel,  and  4  miles  from  the  Courtableau 
tie  bottom  of  the  channel  is  6  feet  above  low-water  in  the  Courtableau.  How  much 
higher  the  top  of  the  divide  is,  there  is  no  data  in  the  not^^s  to  show.  At  Leon^s  Bridge, 
whieh  is  13  miles  from  the  head  of  the  Teche,  the  extreme  low- water  surface  at  the 
time  of  the  sarvey  was  4i  feet  above  the  low- water  surface  in  the  Courtableau.  and  it 
was  at  the  time  backwater,  all  entering  from  above  the  bridge  being  so  little  as 
barely  to  supply  the  evaporation  in  the  pool  of  6  miles  backwater  above  the  mouth  of 
the  FnaiUer. 

Mr.  Harrod's  survey  was  not  made  by  way  of  Barry's  Landing,  but  left  the  Coor- 
taUeaa  about  a  mile  below  Washington,  passing  up  the  Caron  for  2  miles  to  the  head 
of  the  Maricoquant,  which  runs  to  southward  from  the  Caron.  Above  this  point  the 
Caron  is  but  a  rainwater  channel ;  and,  below,  its  banks  are  like  those  of  the  Courta- 
bleaa  and  Teche  of  Red  River  deposit,  as  are  those  of  the  Maricoquant,  which  from 
the  Caron  to  the  junction  of  the  Teohe,  4  miles  from  Barry's  Landing  and  9  miles 
from  the  Caron,  is  but  a  small  channel,  and  at  the  high-water  of  1874  it  had  but  4^ 
feet  depth  on  the  top  of  the  ridge  over  which  it  runs,  just  below  the  place  where  it 
leaTea  the  Caron.  It  is  much  overgrown  with  trees,  and  there  is  no  chance  for  any 
navigation  by  it.  For  the  9  miles  it  only  consists  of  a  series  of  pools,  except  during 
very  high  water. 

TheuU  from -the  fourth  mile  to  the  thirteenth  in  the  Teche  is  but  little,  but  the 
channel  is  much  ob8truct<ed  by  trees  standing  in  it.  The  banks  are  everywhere  above 
the  hieh-water  of  1874,  and  are  bordered  by  cultivated  fields  for  much  of  the  distance. 
A  road  follows  the  top  of  the  bank  on  each  side  of  the  bayou,  and  from  the  extreme 
bottom  to  the  road  trees  are  quite  thick.  At  the  nineteenth  mile  the  Fusilier  enters 
from  the  west,  and  from  it  comes  the  entire  low-water  supply  for  the  Teche. 

At  the  time  of  the  examination  in  August  the  cross-section  of  the  Fusilier  was  175 
sqaare  feet  at  its  mouth,  and  the  velocity  of  the  current  was  about  2  feet  per  second. 

There  are  large  cypress  swamps  a  shoii;  distance  up  the  Fusilier  which  act  as  reser- 
voin  and  prevent  any  sudden  rise  of  the  stream  at  its  mouth,  though  above  the 
awamps  it  must  be  subject  to  great  fluctuations,  as  it  takes  the  drainage  of  a  large 
area  of  prairie  and  hill  countr>\  There  is  a  channel  which  forms  the  liead  of  the 
Vermillion,  and  when  the  Minsissippi  is  very  high  and  much  water  comes  down  the 
Teche  from  the  Courtableau,  the  current  runs  up  the  Fusilier  and  down  the  Vermil- 
lion. The  banks  of  the  Teche  like  those  of  the  Courtableau  at  Washington  are  several 
feet  above  the  highest  floods.  The  overflow  from  the  Lower  Courtableau  covered  the 
land  east  of  the  Teche  to  within  a  few  hundred  feet  of  the  top  of  the  ridge  forming  the 
bank  of  the  Teche.  the  drainage  being  from  the  Teche  towards  the  Atchafalaya  bayou 
and  lakes.  I  was  told  that  they  nowhere  connected  except,  possibly,  through  some 
ditches.  Mr.  Elm's  levels  gave'the  fall  in  the  Teche  from  Arnaudville  at  the  mouth 
of  the  Fusilier  to  Saint  Martinsville  as  10.2  feet.  The  distance  is  30  miles.  Breaux 
Brid^  is  15  miles  below  Arnaudville,  and  7  feet  of  this  fall  is  in  this  15  miles.  The 
remaining  3.2  feet  is  between  there  and  Saint  Martinsville.  Except  at  lowest  water  a 
small  steamer  runs  from  Breanx  Bridge  to  Saint  Martinsville  and  connects  there  with 
larger  ones  which  run  on  the  Teche  below  at  all  stages  of  water. 

&tween  Arnaudville  and  Breux  Bridge  there  is  an  almost  continuous  line  of  over- 
hanging trees  on  one  or  the  other  side  ofthe  bayou,  and  in  many  places  on  both  sides. 
There  are  also  many  logs,  the  remains  of  old  live-oak  trees  which  had.  fallen  in.    The 
channel  is  also  much  obstructed  by  bat's  at  the  entrance  of  drainage  canals  or  ditches 
whieh  have  been  cut  into  the  bayou  from  fields  on  its  banks  to  save  long  drains  back, 
and  in  rains  much  mud  from  the  alluvial  soil  of  the  fields  is  washed  into  the  bayou. 
Thebe  ditches  are  all  quite  recent  and  the  bars  are  yet  but  short,  though  filling  usu- 
ally about  half  the  cross-section  at  low-water.    In  some  cases  there  was  a  bar  100 
feet  long,  but  seldom  more  than  40  or  50  feet  in  length.     Between  these  bars  there 
was  usually  3  to  (>  feet  depth  and  a  width  of  40  to  70  feet.     At  the  height  of  the  flood 
of  1874,  the  bayou  was  here  200  to  350  feet  wide.    The  depth  is  greater  on  tops  of 
these  drainage  bars  below  Breaux  Bridge,  and  it  is  seldom  at  extreme  low-water  less 
than  2  feet,  and  the  pools  between  have  5  to  8  feet  depth  with  a  width  of  40  to  80  feet. 
The  high-water  cross-section  is  very  nearly  the  same  as  that  above  as  far  down  as 
Saint  Martinsville. 

There  are  no  short  liends,  but  the  bayon  nins  in  long  sweeping  bends  with  gentle 
cnrves.     Fn»ni  Saint  Martinsville  to  New  Iberi;i  1  counted  41  snags,  which.  ate»  vi\ot^ 
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or  less  obstructions,  and  5  stumps  of  trees  which  have  been  cut  off  too  high,  and  at 
some  stages  of  water  form  very  serious  obstructions.  There  are  16  of  the  bars  caused  by 
drainage  ditches,  which  will,  if  they  are  to  be  removed,  require  each  an  avera^re  exca- 
vation of  about  500  cubic  yards;  some  of  these  bars  would  be  much  less  than  tnis,  and 
can  now  be  passed  with  no  trouble,  but  all  are  growing  with  every  hard  rain.  There 
are  not  more  than  20  standing  trees  which  would  need  removal.  There  is  one  wreck  at 
Saint  Martinsville,  which  is  very  much  in  the  way  at  very  low  water,  but  only  one 
side  ret^uires  to  be  taken  off;  this  would  leave  sufficient  room  for  passage.  Only  steni- 
whe^el  steamers  run  above  New  Iberia.  For  nearly  10  miles  above  New  tberia  the  depth 
at  extreme  low- water  is  6  to  12  feet.  The  banks  are  but  little  washed  and  there  has 
been  no  other  shoaling  than  that  due  to  the  drainage  canals ;  but  at  New  Iberia  the  con- 
dition of  the  bayou  changes  entirely.  The  width  and  depth  I  was  told  were  formerly 
very  much  like  the  first  10  luiles  above,  but  now  the  width  is  nearly  double  what  it 
formerly  was,  and  for  several  miles  its  low-water  depth  is  but  2^  to  4  feet,  aud  the 
depth  is  almost  exactly  the  same  for  nearly  the  entire  width  of  the  bayou.  The  cross- 
section  above  New  Iberia  is  a  natural  one,  deep  in  the  middle  and  shoaling  towards 
the  edges  gradually.  The  cause  of  this  injury  to  the  bayou  must  be  determined  be- 
fore any  plan  can  be  made  for  the  improvement  of  it.  The  entire  change,  so  far  as  it 
obstructs  navigation,  has  taken  place  since  1860,  but  it  was  probably  in  pro^press  for 
years  before  that  time,  unnoticed  because  it  had  not  interfered  with  the  navigation. 
When  the  banks  were  cleared  and  roots  of  the  trees  gradually  rotted,  it  was  less  pro- 
tected from  washing  than  it  had  been  while  lined  by  almost  a  continuous  row  of  cy- 
press trees.  Side-wneel  steamboats,  such  as  are  used  below  New  Iberia,  and  not  above, 
are  so  constructed  that  there  is  a  strong  current  from  their  wheels  washing  the  bot- 
tom from  some  distance  away  from  the  nud-channel  out  to  the  banks,  but  no  current 
at  all  in  the  middle,  consequently  the  heavier  portion  of  the  material  washed  up  is 
deposited  in  mid-channel  behind  tne  boat,  and  the  swell  of  the  boat,  which  Is  greater 
than  that  from  a  stem- wheel  boat,  washes  the  banks,  and  causes  the  widening  of 
the  surface.  The  stem-wheel  boat  spends  the  force  of  its  engine  on  the  one  wheel 
at  its  stem,  and  the  current  from  it  washes  up  the  bottom  in  the  center  of  the 
bayou  only,  and  the  tendency  of  the  heaviest  part  of  the  material  washed  up  would 
be  to  the  more  quiet  water  of  the  sides.  So  it  would  have  a  tendency  gradually 
to  improve  the  navigation,  while  the  side- wheel  boat  far  more  rapidly  destroyed  it. 
Were  the  bayou  wide,' so  that  boats  took  different  paths  in  passing  up  and  down 
stream,  it  would  probably  make  little  if  any  difference  whether  side  or  stern  wheel 
boats  were  used,  but  the-Teche  is  so  narrow  that  all  boats  follow  very  nearly  one 
path.  The  fall  from  New  Iberia  to  the  Gulf  is  probably  but  very  slight,  a»  the 
current  is  up  or  down  with  the  tide  at  low  river,  and  there  is  a  sufficient  depth  from  a 
few  miles  above  Charenton  down  to  the  mouth  of  the  bayou  for  all  navigation.  There 
are  no  overhanging  trees  and  very  few  snags  below  New  Iberia,  they  having  been  re- 
moved in  1872  and  1873,  under  an  appropriation  by  Congress. 

The  only  means  available  to  make  good  navigation  of  the  Teche  for  the  year  is  to 
make  such  dams  and  locks  as  are  recommended  for  the  Courtableau,  aud  except  at 
high-water  have  slackwater  navigation,  giving  locks  a  width  of  45  feet  in  the  clear  so 
as  to  allow  the  passage  of  stern-wueel  boat.s,  but  not  wide  enough  to  allow  side-wheel 
boats  to  pass. 

The  abutments  of  these  locks  would  remain  during  high- water,  but  the  gates  w(»uld 
be  open  and  the  needles  of  the  dams  removed  for  free  passage  of  the  current,  so  that 
the  sediment  deposited  would  be  swept  out,  as  at  present,  at  high  river. 

The  data  of  the  level-line  and  other  inlormation  obtained  shows  that  3  locks  with 
about  7  feet  lift  each  will  carry  good  low-water  navigation  to  Leon's  Bridge.  If  condi- 
tions remain  as  they  have  been  lor  the  past  ten  years,  the  end  of  all  low-water  naviga- 
tion in  the  bayou  does  not  appear  to  be  very  distant.  The  present  low-water  supply  of 
the  Fusilier  is  ample  for  lockage,  but  an  increase  of  it  to  almost  any  required  extent 
can  be  had  by  storing  the  flood  supply  in  the  cypress  swamps  above  Arnaudville  on 
the  Fusilier.  The  only  limit  would  be  the  amount  of  evaporation  in  protracted  droughts, 
and  the  one  of  July  aud  August,  1879,  was  an  unusually  long  one,  yet  there  was  a  dis- 
charge at  Arnaudville  of  350  cubic  feet  per  second ;  it  was  great'er  there  than  below, 
as  that  was  the  only  water  entering  it  at  the  time. 

Any  attempt  at  connecting  the  Teche  and  Courtableau  by  slack-water  navigation 
up  the  Teche  would  require  such  an  amount  of  dredging  as  w6uld  make  it  impracti- 
cable, and  the  supply  of  wat<er  at  extreme  low  stages  might  be  found  insufficient  for 
lockage.     With  tne  improvements  made  in  other  directions  this  would  not  be  needed. 

The  commerce  of  the  Teche  is  very  great.  The  entire  supplies  of  a  large  part  of  the 
best  portion  of  Louisiana  are  received  oy  this  route,  and  the  fuel,  fencing,  and  material 
for  buildings,  as  well  as  all  ordinary  supplies,  are  brought  up  the  stream ;  the  exports 
being  sugar,  cotton,  cattle,  and  many  other  products  which  are  shipped  chiefly  to  New 
Orleans.  I  was  told  that  the  Teche  country  produced  more  sugar  than  any  other  ec^ual 
area  of  the  State,  and  that  it  is  possible  with  increased  facilities  for  production,  such 
as  cheaper  freights  and  possibility  of  shipment  at  any  time  of  year,  to  increase  the  sugar 
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crop  of  this  region  to  far  more  than  the  present  entire  production  of  the  State.  The 
osvigfttiou  of  tne  Teche  is  so  connected  with  that  of  the  Atchafalaya  and  the  various 
rontM  of  communication  between  that  stream  and  the  Mississippi  River,  and  also 
with  improvement  of  the  other  delta  bayous  De  Glaise,  Courtableau,  Atcht^falaya, 
Plaqaemine,  and  Vermillion,  that  one  general  plan  should  be  adopted  and  can*ied  out, 
yiz,  making  slack  water  in  the  various  smaller  bayous,  and  connecting  all  of  them 
irith  the  great  central  channel  of  the  Atchafalaya  at  different  points,  and  providing 
for  its  permanent  connection  with  the  Mississippi,  either  through  Red  River  or  Pla- 
^jnemiue. 
The  estimate  for  improving  the  Teche  would  be  as  follows: 

Remo\ing  suags  and  stumps  between  New  Iberia  and  Saint  Martinsville |1, 500 

Bemoring  snags  and  trees  from  Saint  Martinsville  to  Breaux  Bridge,  15  miles, 

at  $100  per  mile 1,500 

Semoving  snags  and  trees  from  Breaux  Bridge  to  Amaudville,  15  miles,  at  $200 

per  mile 3, 000 

Bemoving  snags  and  trees  from  Arnaudville  to  Leon's  Bridge,  6  miles,  at  |150 

per  mile 900 

Dam  and  southwest  outlet  of  the  Fusilier  swamps 1, 000 

Three  needle  dams  and  locks,  at  $15,000  each 45, 000 

Xogineering  and  contingencies,  10  per  cent 5, 290 

Total 58,190 

No  estimate  is  included  in  the  above  for  dredging,  but'it  is  because  if  slackwater 
navigation  is  determined  on  there  will  be  sufficient  depth  on  these  bars,  and  by  clos- 
ing ditches  and  turning  drainage  in  the  other  direction,  the  bars  will  probably  disap- 
pear. It  may  be  found  that  on  deepening  the  upper  portion  of  the  bayou  by  raising 
the  water-surface  there  will  be  some  little  dredging  of  bars  needed  below  the  lower 
<iam  to  make  the  increased  depth  above  available ;  but  if  so,^and  if  a  chatige  in  the 
dan  of  boats  to  stem-wheel  boats  should  not  of  itself  remedy  the  evil  of  these  bars, 
it  will  be  soon  enough  then  to  dredge  the  fe\V  lower  bars  when  the  locks  are  made. 

A  chart  of  the  survey  is  made  on  a  scale  of  jtoVd?  <^  ^'^  down  as  Saint  Martinsville, 
below  which  the  chart  made  by  Mr.  Duke  gives  all  the  available  data. 
Yours,  resijectfully, 

H.  C.  Collins, 
Aaeiatant  Engineer. 
Maj.  C.  W.  HowKLL, 

Corps  of  Engineers,  U.  S.  A. 


examination  of  bayou  courtableau,  louisiana. 

United  States  Engineer  Office, 

Netc  Orleans^  February  27,  1880. 

General  :  I  have  the  honor  to  Hubmit  herewith  report  of  Assistant 
Engineer  H.  C.  Collins  on  examination  of  Bayou  Courtableau,  Loais- 
iana,  provided  for  in  act  of  Congress  approved  March  3, 1879.  Tracings 
of  chart  drawn  to^a  scale  of  j^^^  will  be  forwarded  in  a  separate  pakage. 

The  recommendations  of  Mr.  Collins  as  to  plan  of  improvement  are  set 
forth  in  his  report,  and  are  concurred  in.  His  estimates  are  also  ap- 
proved ;  $60,000  could  be  expended  to  advantage  on  the  work  during  the 
ensoiog  fiscal  year. 

The  work  will  constitute  a  permanent  improvement  in  the  ordinary 
acceptance  of  the  word  permanent. 

The  imx>ortance  of  the  work  and  all  information  obtainable  concern- 
ing the  commercial  statistics  are  given  in  the  report  of  Mr.  Collins. 

The  work  is  located  in  the  collection  district  of  New  Orleans.    The  nearest  light- 
hooae  is  at  the  entrahce  to  Atchafalaya  Bay. 

Very  respectfully,  your  obedient  servant, 

C.  W.  Howell, 
Major  of  Engineers. 
Brig.  Gen.  H.  G.  Wright, 
Chief  of  Engineers,  U.  8.  A. 
74  E 
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REPORT  OF  MR.   H.   C.   COLLINS,   ASSISTANT  ENGINEER. 

New  Orleans,  La.,  January  31,  1880. 

Major:  I  have  the  honor  to  submit  the  following  report  of  the  examination  and 
surveys  of  Bayous  Boeuf  and  Courtableau,  from  the  head  of  the  Lamourie  to  the 
junction  with  the  Atchafalaya  River. 

The  bayou,  though  having  two  names  in  diit'erent  part«  of  its  course,  is  really  one 
stream,  and  has  been  so  considered  in  making  this  examination.  Its  former  source 
was  the  Red  River,  and  it  empties  into  the  Atchafalaya  River. 

Bayou  Robert,  which  once  brought  the  water  from  Red  River  and  furnished  a  large 
portion  of  the  water  of  this  bayou,  was  closed  many  years  ago,  and  with  it  all  upper 
connection  with  Red  River  ceased.  The  water  at  low  stage,  which  now  forms  the 
stream  at  the  beginning  of  this  8ur\'ey,  comes  from  the  pine  woods  hills  on  the  south 
side  of  Red  River  and  to  the  westward  of  the  bayou.  Above  the  beginning  of  the 
survey  is  a  large  cypress  swamj),  which  forms  a  reservoir  and  prevents  any  sudden 
floods  from  rains  in  the  hill  country. 

At  the  low- water  stage  of  the  bayou  about  two-thirds  the  water  cooling  from  above 
is  lost  down  the  Lamourie. 

A  very  small  portion  of  the  water  now  running  down  the  Lamourie  would  suffice  for 
all  necessities  of  the  few  plantations  on  its  banks ;  and  closure  of  the  bayou  at  its  head, 
excepting  what  water  was  neetled  for  them,  would  give  fully  double  the  present  amount 
in  Bayou  Boeuf. 

The  banks  and  country  on  each  side  of  the  Boeuf  are  of  red  soil,  which  is  evidently 
.  the  deposit  of  Red  River.     The  banks  are  nowhere  caving,  and  are  several  feet  higher 
than  the  highest  floods. 

The  descent  is  from  the  immediate  banks,  away  from  the  bayou  on  each  side,  to  low 
cypress  swamps. 

The  slope  varies  greatly,  as  the  banks  of  the  bayou  are  very  uniform  in  their  height, 
as  are  the  cypress  swanij»s,  and  the  distance  from  the  bank  to  the  swamp  varies  be- 
tween one-quarter  of  a  mile  and  3  or  4  miles.  No  levels  were  run  across  the  valley  to 
determine  the  differences  of  level  between  the  top  of  the  bank  and  the  cypress  swamp 
back  of  the  fields,  but  it  is  probably  12  or  15  feet. 

The  bayou  runs  in  great,  sweeping  bends,  such  as  would  be  foimed  by  a  stream  larger 
than  it  now  is,  and  it  had  at  some  time  sufficient  water  supply  to  overflow  its  banks  at 
high  river,  and  sufficient  current  to  wear  away  its  banks,  as  the  bends  are  such  as  are 
made  by  caving  banks. 

Since  the  present  conditions  have  been  in  operation  th'^  ^lanks  have  become  covered 
with  trees  and  bushes  from  their  tops  to  abcut  the  low-water  line,  and  in  many  places 
cypress  trees  of  great  size  have  grown  in  the  bed  of  the  stream  or  on  its  immediate 
banks,  and  where  they  have  been  cut  their  stumps  remain  as  low-wat«r  obstructions. 

The  banks  are  everywhere  cultivated,  from  the  top  of  the  ridge  near  the  bayou,  back 
near  to  the  cypress  swamps. 

Drainage  is  back  to  the  swamps  except  in  those  bends  where  cut-offs  had  almost  taken 
place  at  the  close  of  the  period  of  caving  banks. 

The  lands  are  very  fertile,  and  immense  crops  of  cane,  cotton,  and  corn  are  raised. 

The  bayou,  at  the  low- water  stage,  is  very  much  too  small  for  90  miles  above  Wash- 
ington for  navigation,  even  with  the  smallest  boats,  as  it  is  but  1  foot  in  depth  in  many 
places,  and  any  deepening  of  these  places  would  but  draw  off  the  water  of  the  pool 
above,  and  perhaps  transfer  the  position  of  the  shoal,  but  not  in  the  least  increase  the 
depth  for  purposes  of  navigation. 

Closure  of  Bayou  Lamourie  would  furnish  wjiter  enough  to  make  a  low- water  chan- 
nel oi*Z\  feet,  except  at  periods  of  long  droughts,  and  were  the  logs  in  the  bed  removed 
and  the  overhanging  trees  cut,  would  probauly  attbrd  a  depth  of  4  feet  or  more  for  the 
winter  months,  when  there  is  most  rain. 

The  small  barges  which  are  at  present  used  can  take  freight  on  this  depth,  and  the 
steamei-s  can  tow  them ;  but  for  any  really  useful  low-water  transportation,  locks  and 
slackwater  navigation  will  be  needed.  The  survey  of  the  upper  portions  of  the  bayou 
to  within  a  few  miles  of  Washington  was  made  by  Mr.  George  O.  Elms,  and  that  below 
was  made  by  myself,  with  his  assistance. 

The  cross-section  made  above  the  head  of  Lamourie  gives  a  low-water  area  of  540 
square  feet  in  the  pool  where  the  cross- section  was  made. 

At  the  extreme  hi^h- water  of  1874,  3,040  square  feet  area  and  the  tops  of  the  banks 
8  feet  higher  would  increase  this  cross-section  area,  if  they  were  full,  2,720  square  feet, 
showing  that  the  channel  is  capable  of  carrying  double  the  w^ater  found  in  it  at  the 
highest  floods. 

The  cross-section  of  the  Lamourie,  nearly  2  miles  below  its  head,  gave  an  area  in 
the  pool  at  low^-water  of  100  square  feet,  and  at  the  height  of  hiffh-water  of  1874  of 
620  square  feet.     The  tojis  of  the  banks  were  3  feet  above  this  height. 

The  depth  on  the  first  ripple  below  the  Lamourie,  on  the  Boeuf,  was  but  1  foot,  and 
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its  extreme  width  but  40  feet,  giving  a  cross-section  area  at  extreme  low- water  of  but 
28feet. 

The  entrance  of  Bayon  Clear,  at  the  middle  of  the  fonrth  mile,  rather  more  than 
dooblt^  the  aiBonnt  in  the  Boenf.     It  comes  from  the  hills  west  of  the  delta  valley. 

On  the  twelfth  mile  is  a  small  bayon  which  enters  from  the  west.  Below  this  all 
the  west  side  drainage  goes  to  the  Cocodrie  Swamps,  which  here  form  the  west  side 
of  the  valley  and  border  on  the  west  hills.  That  on  the  east  side  finds  its  way  through 
swamp  channels  to  Bayou  Hnflfiiower  and  Bayou  Rouge. 

No  stream  enters  and  none  leaves  until  we  reach  the  Huffpower,  on  the  forty-third 
mile,  which  is  an  old  channel  leading  to  the  westwanl,  and  much  more  filled  by  late 
deposits  than  the  Boeuf,  and  is  dry  at  its  head,  with  a  rise  of  less  than  7  feet  in  the 
Boiaf.  It  therefore  does  nt»t  in  the  least  injure  navigation  in  the  Boeuf,  as  when  there 
i«  1 10-foot  rise  but  a  very  small  stream  runs  down  the  Hnfipower,  and  there  is  no 
risii  of  its  again  cutting  out  to  take  any  large  amount  of  water  from  the  Boeuf,  as  it  is 
decreasing  and  has  little  fall. 

The  banks  are  almost  perfectly  uniform  from  here  to  the  mouth  of  the  Cocodrie, 
whieh  enters  from  the  west  at  the  end  of  the  eighty-sixth  mile,  and  below  the  mouth 
of  which  the  name  is  changed  to  Courtableau. 

The  cross-section  is  almost  exactly  the  same  as  at  the  head  of  the  survey.  The 
bankft  are  of  etjual  height  above  tlie  high-water  marks,  being  everywhere  covered 
with  overhanging  trees. 

The  be<l  of  the  !)ayou  has  many  logs  and  stumps  and  some  stau:ling  cypress  and 
gnm  treej*.  Ther*?  are  frecjuent  bridges,  all  of  which  have  draws  for  passage  of  steam- 
en.  The  depth  on  the  ripples  is  but  1  foot  at  extreme  low-water,  and  in  it's  narrow- 
est place  the  width  is  but  about  20  feet. 

The  overhanging  tnM*s  are  so  thick  that  a  rise  which  would  give  good  navigation 
were  they  removetl  will  only  permit  small  steamers  with  a  width  of  about  '20  feet  to 
pass,  and  they  have  smoke-stacks  with  joints  to  lower  for  passing  under  low  trees. 

Some  years  ago  a  lock  was  begun  by  a  stock  company,  under  an  appropriation  from 
the  State.  It  was  locatf^l  at  the  upper  en»l  of  a  shoal  600  feet  lon^,  wnich  is  found 
JMt  above  the  junction  of  the  Boeuf  and  Cocodrie.  It  would  not  nave  been  of  any 
nseifit  h^d  been  completed,  which  it  never  was,  as  when  there  was  water  enough  to 
get  t4)  it  there  was  enough  to  do  without  it.  It  now  forms  a  slight  obstruction  where 
one  comer  projects  into  the  channel,  but  it  can  be  easily  removed. 

The  amount  of  water  coming  down  the  Cocodrie  at  low- water  is  more  than  double 
that  which  comes  in  from  the  Boeuf.  The  west  bank  of  th<»  Courtableau  here  at  its 
hiad  is  also  the  west  side  of  the  delta  valley,  and  high  bluffs  form  the  west  bank  of 
the  bayon,  rising  100  feet  or  more  within  half  a  mile. 

One  mile  l>elow  the  junction  a  cross-section  was  taken,  at  a  place  where  there  was 
acorrent  of  about  I  foot  per  second  at  the  time,  which  was  extreme  low-water.  The 
low-water  area  was  180  s<[uare  feet,  and  that  at  the  height  of  the  1874  water-mark 
was  3,400  sqnare  feet ;  this  was  several  feet  below  the  top  of  the  bank  and  is  the  high- 
ert  water-mark  observed. 

Although  the  alluvial  bank  on  the  east  side,  and  all  that  above,  is  nowhere  caving, 
the  l:»ank  does  cave  all  along  the  bluflf  land  at  every  place  where  the  stream  touches  it. 

The  town  of  WashingtonTias  half  a  mile  front  on  the  bayou  on  the  fourth  mile,  and 
the  3^  miles  above  it  are  lined  with  overhanging  trees  on  both  sides,  and  there  are 
many  logs  in  the  channel  as  on  the  Boeuf  above. 

Washington  is  situated  on  the  west  bank  on  a  bluff  formation,  and  it  is  a  place  of 
nach  importance  as  a  shipping  point  for  a  lar^e  amount  of  freight,  and  head  of  navi- 
gation for  the  larger  boats  during  a  groat  portion  of  the  year. 

There  is  a  draw-bridge  about  the  center  of  the  town,  and  a  cross-section  taken  from 
it  gave  a  low- water  area  of  140  square  feet,  and  at  the  height  of  1874  high- water  mark 
it  was  3,5i>0  square  feet ;  the  rise  at  that  time  was  23  feet  above  extreme  low-water, 
yet  was  several  feet  below  the  top  of  the  east  alluvial  bank. 

There  are  very  few  overhanging  trees  below  Washington,  but  near  the  middle  of 
the  fifth  mile  is  a  saw-mill,  where  for  nearly  half  a  mile  the  old  saw-logs  and  butts  of 
lo«  which  have  been  cut  off  and  rolled  in  form  a  complete  blockade,  with  less  than  a 
3-root  rise.     All  of  them  must  be  taken  out. 

The  shoalest  places  have  about  *2  feet  of  wat^r  at  extreme  low.  On  the  sixth  mile 
Bayon  Caron  joins  the  Courtableau  from  the  west,  and  with  less  than  a  12-foot  rise  of 
the  Conrtableau  it  runs  into  it,  but  there  is  a  connection  2  miles  above,  thro.igh  the 
Maricoiiuant,  which,  with  a  rise  greater  than  that  in  the  Courtableau,  t>akes  the  water 
to  the  southward,  to  the  Teche.  The  Caron  to  this  junction,  the  Maricoquant.  and 
the  Teche  l>elow,  all  have  the  same  banks  of  Red  River  formation  as  the  Coartabii  au, 
bat  the  Caron  above  this  junction  is  merely  a  hill  stream,  with  black  or  gray  deposit* 
from  the  bluffs. 

At  Barry's  Landing,  on  the  thirteenth  mile,  the  Teche  leaves  to  the  southward,  and 
at  times  of  great  flo<ras  carries  off  a  large  amount  of  water  from  the  Courtabletta,  \>Txt 
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it  is  for  the  first  4  miles  mach  obstructed  and  only  rnus  at  present  with  an  8-foot  riad 
of  the  Courtableau. 

It  here  bears  marks  of  having  once  been  far  larger  than  it  is  at  present.  About 
the  middle  of  the  seventh  mile  Bayou  Toulouse  once  ran  out  of  the  Courtableau  and 
emptied  into  the  Teche,  but  a  dam  has  been  made  across  its  head  and  a  ditch  cut  from 
it  across  the  bottom  laud,  entering  the  Courtableau  near  the  begiuuing  of  the  tenth 
mile,  and  causing  a  bad  bar. 

At  the  beginning  of  the  eighth  mile  the  Little  and  Big  Ouacksha  bayous  enter,  near 
each  other,  from  the  north,  and  at  high-water  times  uring  in  some  water  from  Red 
River. 

Small  steamers  always  run  up  the  Courtableau  at  low-wator  as  far  as  tbe  landing 
below  the  Ouacksha,  and  the  depth  between  there  and  Barry's  Lauding  is  6  to  10  feet, 
except  where  two  drains  enter,  one  from  Bayou  Toulouse  and  the  other  from  the  op- 
posite side  on  the  ninth  mile.  On  each  of  these  short  bars  is  a  depth  of  3  feet  at 
extreme  low- water ;  both  are  of  recent  origin  and  can  be  removed  bj^  dredging  or  by 
removing  their  cause  by  closure  of  the  ditches. 

At  Barry's  Landing  is  a  bar  quite  variable  iu  its  position,  but  which  is  caused  by 
the  high- water  from  Red  River  backing  up  the  Courtableau  and  that  entering  from 
the  north  side  bayous  running  across  the  Courtableau  down  the  Teche.  The  bar  is 
near  the  head  of  the  Teche,  and  at  times  of  discharge  down  it  in  floods  the^e  is  little 
or  almost  no  down  current  in  the  Courtableau  past  that  point. 

The  surface  of  this  bar  is  washed  otf  as  the  bayou  falls,  and  there  is  but  seldom  so 
little  as  4  feet  depth  on  it  at  lowest  water. 

At  the  time  of  the  survey,  the  middle  of  October,  1879 — at  extreme  low -water  as 
it  then  was — there  was  a  slight  current,  amounting  to  1  foot  per  second,  on  the  shoal 
places  as  far  down  as  the  eighth  mile,  but  below  that  the  current  slackt^ned  until  at 
Barry's  Landing  and  below  it  was  about  1  foot  in  10  seconds,  decreasing  below  as  the 
cross-section  atlow- water  increases,  until  it  is  so  slight  that  small  objects  on  the  surface 
float  up  or  down  as  driven  by  the  slighest  breeze. 

In  a  bend  on  the  eighteenth  mile  the  bank  is  so  washed  that  a  fresh  surface  is 
exposed  on  a  slide,  and  for  8  feet  above  low-water  the  bank  is  of  blue  clay,  which  does 
not  wash,  overlaid  by  10  to  15  feet  of  Red  River  formation.  The  old  red  deposit  once 
put  on  this  blue  clay  slope  appeared  to  have  recently  slid  or  been  washed  in.  Near 
the  top  of  the  blue  clay  were  some  roots  of  cypress,  which  did  not  reach  up  into  the 
red  land  above,  and  in  the  red  land  above  were  a  few  pieces  of  ancient  drift  found, 
and  more  or  less  of  them  everywhere  on  the  Boiuf.  Every  one  of  these  which  retained 
the  substance  of  the  wood  enough  to  enable  me  to  determine  what  it  was  I  found  to 
be  red  cedar,  and  in  many  cases  a  log  or  piece  of  di'ift,  though  blackened  and  soft  for 
an  inch  in  depth,  had  yet  inside  that  a  sound  red  cedar  heart,  retaining  not  only  the 
color  but  the  smell  of  the  new  wood. 

The  outer  side  of  the  bend  next  below  this  had  the  blue  clay  bank  exposed  by  wash- 
ing ofl"  of  the  red  surface,  and  it  was  the  same  height  above  water.  At  Barry's  Land- 
ing the  high-water  of  1874  is  near  2  feet  below  the  top  of  the  bank  on  the  south  side, 
but  2  miles  below  it  is  at  the  surface,  and  on  the  seventeenth-  mile  is  3  feet  above  on 
the  narrow  ridge  on  the  south  side,  and  so  high  as  to  wash  away  fences  a  few  hundred 
feet  south  from  the  bank.  Nearly  the  entire  distance  from  here  to  the  Atchafalaya 
was  then  covered. 

The  land  on  the  north  side  of  the  Courtableau  is  somewhat  lower  than  it  is  on  the 
south.  Below  where  the  banks  of  the  Courtableau  were  covered  deeply  in  the  flood 
of  1874  the  general  ccmrse  of  that  flood  was  southward  directly,  following  the  channel 
of  the  Courtableau  for  short  distances  only  as  it  ran  in  the  direction  in  which  it  was 
moving,  and  often  for  short  distances  running  up  the  stream. 

Near  the  end  of  the  nineteenth  mile  is  a  pile  of  oak  logs,  reaching  entirely  across 
the  channel,  and  the  part  of  it  which  had  not  been  removed  is  about  b  feet  above  low- 
water.  A  channel  through  this  barricade  has  been  made  by  pulling  out  logs  so  as  to 
give  a  low-water  depth  of  5  feet  for  a  width  of  50  feet. 

Through  changing  their  places  in  times  of  high-water  these  logs  at  times  form  an 
obstruction  to  navigation  which  may  in  some  cjises  be  quite  serious;  but  the  whole 
block  of  logs  can  be  easily  pulled  out  on  the  bank  at  low-water  and  bunied. 

At  the  bend  on  the  south  side,  near  the  end  of  the  nineteenth  mile,  the  blue  clay 
surface  is  5  feet  above  water,  and  in  the  opposite  bend,  500  feet  above,  it  is  at  the 
same  height,  covered  in  both  cases  by  about  10  feet  of  red  soil.  The  surface  of  the 
blue  clay,  in  both  instances,  was  evidently  a  cypress  swamp  when  the  red  deposit  be- 
gan to  be  made,  and  the  channel  in  the  blue  clay  was  made  before  that  time  and  was 
much  longer  than  the  present  channel,  as  but  one  side  of  the  present  channel  is  worn 
into  the  blue  clay,  while  the  opposite  is  Red  River  deposit,  like  that  above  the  blue 
clay,  filling  an  unknown  proportion  of  the  ancient  bed. 

Te  red  soil,  though  resisting  the  washing  of  a  current  far  better  than  that  of  the 
west  blufb  of  the  valley  at  Washington,  is  easily  washed  compared  with  the  blue 
clay. 
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On  the  twentieth  mile  Big  and  Little  Darbon  bayous  cuter  from  the  north.  Both 
h»ve  large  channels,  though  bringing  at  low  stages  very  little  water.  The  Courtableau 
18  here,  at  low- water,  100  to  150  feet  in  width,  and  13  to  15  feet  deep. 

At  the  middle  of  the  twenty-first  mile  is  a  south-side  bayou,  which  runs  with  an  8- 
foot  rise,  and  near  the  end  of  the  same  mile  Bayou  Jummel  leaves  on  the  south.  A 
small  sand-bar  in  its  head  is  3  feet  above  extreme  low-wat€r,  but  the  channel  is  wide 
tod  at  high- water  has  a  large  discharge. 

The  bottom  lands,  on  each  side,  are  13  feet  above  extreme  low-water,  and  a  water- 
maA  on  trees  was  5 J  feet  higher.  The  high-water  mark  appeal's  to  vary  greatly,  de- 
pending on  the  escape  to  southward  of  the  water  coming  in  from  the  north,  and  near 
the  Jummel  it  was  U  feet  lower  than  a  mile  above. 

Bine  clay  shows  at  every  bend  where  the  current  meets  anj^  old  bank. 

Near  the*  beginning  of  the  twenty-third  mile  the  bank  on  the  north  side  is  12  feet 
high,  lint  it  falls  before  reaching  the  middle  of  the  lyile  to  7  or  8  feet,  and  continues 
It  that  height,  with  some  yet  lower  places,  until  the  middle  of  the  twenty-sixth  mile, 
showuig  a  strong  current  at  high-river. 

Ou  the  opposite  south  bank  tiie  high  land  has  a  break  1,200  feet  wide,  where  the 
wittT  runs  with  a  7-foot  rise  ;  it  is  much  washed. 

On  the  twenty-fourth  mile  two  bayous  leave  on  the  south  side,  which  run  with  a  5 
to  »*  foot  rise,  but  the  intervening  land  is  12  to  13  feet  high. 

The  twtnty-tifth  mile  has  one  bayou  60  feet  wide  and  5  feet  deep  at  low-water  at  its 
head,  but  which  is  so  choked  below  that  no  water  escapes  at  extreme  low-wat€r. 
Three  other  bayous,  which  run  with  a  5, 6,  and  7  foot  rise,  leave  on  the  right  bank  on 
the  same  mile,  but  the  land  between  is  15  feet  high  ;  7|  feet  of  this  is  blue  clay. 

There  are  eight  bayous  on  the  south  side  on  the  twenty-sixth  mile,  the  upper  two  of 
which  mn  with  a  2-foot  rise ;  the  next  two  with  a  6-foot  rise  ;  next  is  Mamselle  Bayou, 
which  is  70  feet  wide  at  low- water,  but  has  no  current  at  such  time,  though  it  i*a 
Tery  large  stream  at  high-water ;  the  other  three  are  small  bayous.  Land  oetween 
these  is  10  to  14  feet  high,  and  shows  a  strong  current  at  high-water,  though  the  sur- 
face is  little  washed,  being  thickly  covered  with  trees  and  bushes. 

On  the  left  bank,  at  the  head  of  the  twentv-seventh  mile  is  a  high  tract  where  blue 
clay  shows  5  feet  high,  with  5  to  8  feet  of  reef  soil  above  it. 

On  the  sonth  side,  a  few  hundred  feet  back  from  the  bayou,  at  the  head  of  the 
twenty-seventh  mile,  are  two  mounds  10  feet  above  the  highest  floods.  Just  below 
them  the  Fordoche  Bayou  runs  out  to  the  southward ;  its  channel  was  3  feet  deep,  but 
it  had,  at  low-wate,  no  current.  This  was  the  channel  for  steamers  previous  to  clear- 
ing ont  the  raft  from  the  Atchafalaya,  and  it  forms  a  connection  through  Bayou  La  Rose 
with,Grand  Lake  below,  and  there  are  many  cross-channels  between  it  and  the  Atch- 
afalaya. It  has  not  been  used  since  the  opening  of  the  other  bayous.  On  its  south 
hank  I  found  an  old  high-water  mark,  made  by  drift  which  was  9  feet  above  the  sur- 
&ee  where  the  bank  was  13  feet  high,  showing  that  within  20  or  30  years  a  flood  had 
riien  here  22  feet  above  low-water.  Blue  clay  on  Us  bank  is  7  feet  and  red  soil  6  feet 
deep. 

At  the  head  of  the  twenty-eighth  mile  the  right  bank  was  13  feet  high,  and  this 
year's  high- water  mark  2  feet  above  it.  Two  narrow  bayous  run  out  with  a  4-foot 
ri«e,  and  on  the  middle  of  the  mile  is  a  washed  channel  1,000  feet  wide,  3  to  6  feet 
above  low- water.  Much  drift  has  lodged  in  it,  which  probably  came  from  Bayou  Big- 
ereau,  which  by  four  mouths  enters  from  the  north.  It  is  evidently  a  very  large  bayou 
at  high-water,  but  no  water  enters  from  it  at  low- water.  The  entire  distance,  2,500 
feet,  between  it*  extreme  mouths  is  a  swamp  but  3  feet  above  low- water  and  bearing 
marks  of  strong  currents  at  flood  seasons. 

On  the  south  side,  at  the  beginniug  of  the  twenty-ninth  mile,  is  a  bayou  which  is 
entirely  covered  with  standing  trees,  and  its  bed  is  but  3  feet  above  low-water.  For 
one-half  a  mile  below  the  blue  clay  is  seen  in  the  right  bank  5  feet  above  wat«r,  with 
2  to  5  feet  of  red  soil  above  it. 

One  8mall  bayou  leaves  at  the  end  of  this  mile  and  one  at  the  beginning  of  the  next, 
and  one  enters  from  the  north  Just  opposite  this  last.  Six  hundred  feet  below,  English 
Bayon  leaves  to  the  south warcl ;  it  is  70  feet  wide  and  5  feet  deep  at  low-water,  but 
with  no  low -water  current.  In  its  banks,  and  those  of  the  river  near,  the  blue  clay 
was  r>  feet  above  water,  with  (H  ^<>  ^  ^^^^  of  red  soil  above  it. 

Little  Fordoche  Bayou  leaves  at  the  end  of  the  thirtieth  mile,  and  a  bayou  enters 
from  the  north,  directly  opposite  its  head. 

The  depth  of  the  Courtableau  is  here  18  feet,  but  it  shoals  verv  fast,  and  at  the  be- 
dnnin^  of  the  thirty-first  mile  it  is  but  10  feet,  4m)  feet  below  hut  6^  feet,  and  2,000 
leet  iMflow  the  Iwginning  of  the  thirty-first  mile  it  has  shoaled  to  but  1  foot.  This 
shoal  is  railed  Little  Devil  Bar.  It  is  of  a  loose,  easily  wn<<hed  sand,  and  extends  to 
1,200  feet  below  the  end  of  the  thirty-first  mile,  being  about  6,r>00feet  long  at  present. 
Near  the  head  of  the  bar  a  bayou  enters  from  the  north,  and  there  is  a  mile  of  low 
swamp  which  is  but  3  or  4  feet  above  low-water  aud  is  said  to  be  all  bayou  at  high- 
water. 
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The  south  bank  is  hich  except  at  the  bayous,  which  run  with  a  rise  of  3  to  4  feet. 
The  entire  surface  on  the  south  bank  is  7|  to  14  feet  above  low-water.  Fhiods  from 
above  on  the  Courtableau  and  from  below  on  the  Atchafalaya  meet  here  and  pass  off 
to  the  southward  through  these  bayous  and  over  the  bank.  It  is  only  at  times  of  low- 
water  in  the  Atchafalaya  and  high-water  in  the  Courtableau  thai  any  water  runs 
from  the  Courtableau  into  the  Atchafalaya,  except  in  extreme  low-wat«r.  There  is  a 
current  up  over  the  bar  whenever  there  is  a  rise  of  5  feet  above  extreme  low-water  in 
the  Atchafalaya. 

The  cross-section  at  low- water  on  the  bar  varies  hourly  with  the  washing  away  of 
sand  in  any  particular  place.  The  narrowest  place  at  the  time  of  the  survey  was  20 
feet,  with  a  depth  of  2  feet,  but  the  shoalest  place  was  but  4  inches  deep. 

All  low-water  freight  passes  this  bar  from  the  small  steamers  above  to  the  larger 
ones  below  by  very  light,  flat  barges ;  but  there  are  many  times  when  it  is  perfectly 
dry  on  the  sand,  and  tne  whole  upper  discharge  goes  by  one  of  the  little  bayous  above, 
which  were,  at  the  time  of  the  survey,  so  filled  as  not  to  run.  Then  freight  is  rolled 
over  the  bar.  The  transfer  by  either  means  is  much  more  expensive  than  the  entire 
freight  from  Washiuj^ton  to  New  Orleans  with  good  navigation. 

The  position  of  this  bar  varies  with  the  relative  height  of  the  two  bayous,  and  it 
has  been  at  the  mouth  of  the  Courtableau,  though  seldom  much  above  its*  present  po- 
sition. 

When  there  is  low-water  in  the  Atchafalaya  and  a  freshet  comes  down  the  Courta- 
bleau, it  sometimes  sweeps  the  whole  bar  out  into  the  Atchafalaya,  and  it  passes  away 
only  to  be  replaced  at  the  next  succeeding  high-river  from  the  Atchafalaya. 

From  the  lower  end  of  Little  Devil  Bar  to  the  Atchafalaya,  is  but  three-quarters  of 
a  mile,  and  the  depth  at  low-water  is  from  12  to  14  feet.  This  channel  is  60  feet  in 
width,  but  is  bordered  with  standing  ti*ees  and  stumps. 

The  red  deposit  on  which  these  trees  grew  has  lately  slid  in,  with  its  growth  of 
trees,  as  far  as  the  old  blue-clay  bank,  and  the  present  suiface  of  the  portion  slid  in 
is  fi'om  3  feet  above  to  10  feet  below  the  low-water  line.  The  blue  clay  is  seen  on  Ijoth 
sides,  7  feet  above  low- water,  with  5  to  6  feet  of  red  soil  above  its  surface  on  the  left 
bank  and  6  or  7  feet  on  the  right  bank.  The  entire  fall  across  the  bar  at  the  time  of 
the  survey  did  not  exceed  3  feet,  and  was  probably  much  less,  but  no  levels  were 
taken.  The  fall  from  Barry's  Landing  to  the  head  of  the  bar  was  n»t  enough  to 
give  a  discharge,  at  the  time  of  the  survey,  of  more  than  60  cubic  feet  per  second, 
which  was  the  amount  passing  over  the  bar. 

The  width  below  Little  Devil  Bar  between  the  surface  of  the  blue-clay  banks  is  270 
to  300  feet.  AWi-e  the  stumps  and  trees  on  the  slides  pulled  out,  the  red  soil  of  the 
slides  would  probably  be  soon  washed  out. 

There  are  two  small  bayous  on  this  three-quarters  of  a  mile,  both  of  which  have 
high  banks  and  are  cut  down  4  or  5  feet  into  the  blue  clay. 

The  left  bank  of  the  Atchafalaya,  at  the  mouth  of  the  Courtableau,  has  blue  clay 
for  7  feet  above  low-water,  with  7  or  h  fe»*t  of  Red  River  deposit  above  it. 

The  cross-section  of  the  Courtableau  was  taken  just  below  the  bar  and  at  the  mouth, 
and  also  that  of  the  Atchafalaya  just  below.  The  area  at  low-water  of  the  first  of 
these  cross-sections  was  2,175  square  feet,  and  at  the  level  of  the  top  of  the  bank  it 
was  6,000  square  feet ;  but  the  high-water  mark  was  some  feet  above  the  top  of  the 
bank. 

At  the  mouth  of  the  Courtableau  the  low- water  cross-section  had  an  area  of  2,160 
square  feet,  almost  exactly  the  same  as  that  taken  half  a  mile  above ;  but  at  high- 
water  here  the  bayou  has  but  oue  bank,  joining  the  Atchafalaya. 

The  low  cross-section  of  the  Atchafalaya  was  5,160  square  feet,  and  the  current  at 
the  place  was  at  least  1  foot  per  second. 

At  this  time  all  of  Red  River  and  a  stream  from  the  Mississippi  River,  through  the 
dredged  channel,  which  gave  at  the  time  a  discharge  of  about  3ti0  cubic  feet  per  sec- 
ond, ran  down  the  Atchafsilaya. 

Were  the  banks  filled,  the  cross-section  of  the  Atchafalaya  here  would  be  iucrease<l 
7,800  square  feet,  or  to  12,960  square  feet,  but  it  rises  in  high-water  seasons  far  above 
its  banks,  and  Bayou  Alabama  had  leit  the  Atchafalaya  above  the  Courtableau,  and 
has  a  cross-section  nearly  as  large  as  the  Atchafalaya. 

There  was,  in  the  flood  of  1874,  little,  if  auy,  land  above  water  between  the  Atcha- 
falaya and  the  Mississippi  rivers. 

The  first  obstacle  to  navigation  in  the  Courtableau  is  Little  Devil  Bar,  and  it  has 
been  removed  by  natural  causes  two  or  three  times  already.  By  making  works  which 
will  give  the  same  conditions  as  those  operating  when  the  bar  was  washed  out  by 
these  natural  causes  I  thiuk  we  can  depend  on  reaching  the  same  result.  By  a  dam 
at  each  of  the  bayous  on  the  south  side,  which  would  keep  all  the  water  of  the  Courts 
ableau  from  running  ofl'to  the  southward,  with  a  rise  of  less  than  10  feet,  and  a  levee 
where  the  height  of  the  bank  wiw  below  that,  and  so  protecting  their  lower  slope  that 
water  could  safely  run  over  whenever  a  flood  should  rise  above  that,  we  would  not 
materially  decrease  the  total  amount  of  water  discharge  over  the  south  bank  in  floods 


APPENDIX   M.  1175 

like  that  of  1874,  and  would  find  that,  at  any  time,  as  the  wat«r  fell  below  the  top  of 
the  leveed  soath  hank,  we  would  again  have  exactly  the  conditions  necessary  for  nat- 
anl  removal  of  whatever  sand  had  bren  deposited  at  the  previous  high-river  season. 
Althongh,  with  a  flood  of  sufficient  height  to  raise  the  wat«r  very  much  above  these 
danw,  the  current  would,  as  at  present,  run  from  the  Atchafalaya  up  the  Courtableau 
for  a  cligtance,  greater  or  less,  exactly  proportioned  to  the  relative  discharge  of  the 
two  streams,  and  a  large  amount  of  sand  would,  as  at  present,  be  deposited  in  the 
Coortableau ;  yet,  as  soon  as  the  height  fell  below  the  10  feet,  the  entire  discharge 
of  the  Conrtableau  would  make  a  current  sufficient  to  clear  its  own  channel.  It 
would  not  be  desirable,  were  it  possible,  to  build  any  such  levee  as  would  materially 
decrease  the  discharge  of  the  valley  directly  down  its  slope  across  the  Courtableau  in 
floods,  as  it  would  but  force  more  water  on  to  the  already  deeply-covered  region  east- 
ward of  the  Atchafalaya. 

Before  beginning  any  work  it  would  be  necessary  to  make  a  careful  detailed  survey 
ofrach  bayou  for  a  mile  l>elow  its  head,  running  level  lines  to  determine  the  location 
of  dams  ari«l  levees.  No  levels  were  taken  on  tuis  survev,  and  so  short  was  the  time 
at  command  that  no  work  was  done  except  that  absolutely  necessary. 

The  blue  clay  foundation  can  be  depended  on  as  it  is,  for  there  is  no  danger  from  its 
wwhing,  but  a  good  brush  or  plank  apron  will  be  necessary  wherever  any  current 
Terymnch  greater  than  that  at  present  found  nms  over  the  red  soil.  Much  of  this 
red-soil  siiptace  is  now  well  protected  by  its  growth  of  brush  and  trees. 

Any  improvement  of  this  stream,  to  be  of  much  benefit  to  the  people  of  the  valley 
above  Washington,  will  require  locks,  and  will  l>e  a  slackwater  navigation. 

Natural  conditions  could  not  well  be  more  favorable  than  they  are.  The  banks  are 
cTerywhert*  perfect  from  the  point  where  the  lowest  lock  of  the  series  must  be  placed 
aptothe  mouth  of  the  Lamonrie,  which  is  but  a  few  miles  from  Alexandria.  Thii 
channel,  in  the  greati^st  floods,  is  never  full,  and,  except  the  Lamonrie  and  Huttpower, 
no  bayous  would  require  closing.  Had  the  channel  been  dug  for  a  canal  it  could 
hardly  have  been  more  unilbrm  in  cross-section. 

There  is  sufficient  water  for  needs  of  lockage  at  lowest  stages,  and  if  such  dams  are 
bailtanil  gates  for  locks  made  as  can  be  removed  when  the  water  rises  so'  high  as  to 
mak»'  them  no  longer  useful,  and  replaced  at  will,  as  the  stream  falls,  the  slight  amount 
of  sediment  deposited  at  low- water  would  be  swept  out  at  high-water. 

In  great  floods  ruuch  of  the  height  al»ove  Washington  is  due  to  backwater.  The 
lower  one  of  this  series  of  lock  will  need  to  be  put  at  a  point  l>ut  few  miles  below 
Barry '«  Landing,  as  far  up  the  bayou  as  there  is  sure  to  be  sufficient  water  for  navi- 
gation when  depending  entirely  on  backwater  from  the  Atchafalaya  at  the  lowest 
stage  of  that  stream ;  this  is  found  at  the  first  place  where  the  bank  of  blue  clay  is 
exposed  on  the  seventeenth  mile. 

The  discharge  at  the  time  of  the  survey  was  probably  as  little  as  it  often  is  at  ex- 
treme low  river,  and  it  was  Just  above  Washington  180  feet  per  second;  several  large 
bayous  and  25  miles  of  river,  with  so  large  a  cross-section  that  there  was  about  the 
aame  current  in  it  as  would  be  the  casein  slack  water  navigation,  intervened  between 
thi«  point  and  Little  Devil  Bar,  which  might  be  considered  a  lock,  and  how  much,  if 
My,  wat<*r  escaiie*!  at  those  bayous  is  not  known,  no  current  being  perceptible  in 
either  bayous  or  lower  river,  yet  the  discharge  over  Little  Devil  Bar  was  CO  cubic  feet 
per  second.     There  had  been  at  the  time  a  long  drought. 

The  conditions  are  almost  exactly  the  same  in  the  Courtableau,  Bojuf,  De  Glaise. 
and  in  the  Teche.  8o  little  is  the  diftereuce  that  the  same  plan  of  improvement  will 
answer  for  all  of  them. 

The  cost  of  the  necessarv  dams  and  levees  on  the  south  bank  of  the  Courtableau 
would  probably  come  within  |!*-^0,(KH),  and  perhaps  much  within  it,  but  an  exact  esti- 
mate cannot  be  made  from  data  procured.  Cost  of  clearing  the  banks  and  removing 
fflia^  al>ove  Washington  will  be  about  8*^0  i>er  mile  for  the  90  miles,  and  if  the  b>5k8 
and  slackwater  improvements  are  constructed  the  banks  couhl  be  cleared  for  this 
ansount.  The  same  is  necessary  as  well  if  navigation  is  to  l)e  imi>roved  for  the  high- 
water  season  alone.  The  28  miles  below  Washington  can  be  cleared  of  snags  and 
overhanging  trees  for  ^oO  per  mile.  This  will  make  the  total  estimates  for  the  Bteuf 
and  Courtableau — 

Clearing  90  niile^j  above  Washington,  at  ^'200 818,000 

Clearing  2H  miles  below  Washington,  at  ^7ii) 1,  400 

Dams  on  Courtableau  Bavous 20, 000 

Fonr  lucks  and  needle-dams,  at  8L*'>,000 64).  000 

Add  for  contingencies  10  per  cent 9, 940 

Total 109,340 

Til's  t  s*iru:ite  is  but  |92(>.61  per  mile,  and,  considering  the  probable  amount  of  com- 
niene  p  ryear,  would  be  but  a  very  low  rate  per  ton.  The  liayoii  above  Washington 
runs  thron^h  some  of  the  finest  alJiivi.iJ  hind  in  the  State.    There  is  also  a  large  an^ 


/ 
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productive  country  to  the  westward  of  it,  the  products  of  which  would  find  tM 
down  what  would,  with  this  improvement,  he  practically  a  canal,  penetratini 
a  hundred  miles  into  a  rich  country  which  has  heretofore  had  hut  a  very  u^ 
and  expensive  outlet. 

I  have  no  data  for  the  amount  of  commerce  at  present,  hut  was  told  that  an  i 
of  ahont  three  steamers  per  week  passed  between  New  Orleans  and  Washingtf 
way  through  the  year,  and  that  were  navigation  uninterrupted  its  amount  wo| 
greatly  increased,  ^ 

Opening  the  navigation  above  Washington  would  be  in  fact  more  than  doubU 
area  to  be  benefited  by  the  entire  system  of  improvements. 

A  chart  of  the  bayou  has  been  made  on  a  scale  of  y^W»  giving  topography,  { 
ings,  and  obstructions. 

Yours,  respectfully, 

H.  C.  Collins, 
Assistant  Engin 
Maj.  C.  W.  Howell, 

Corps  of  Engineers^  U.  S,  A. 


exa3iinati0n  of  bayou  de  glaise,  louisiana. 

United  States  Engineer  Office, 

Netc  Orleans  J  February  27,  188 

General  :  I  have  the  honor  to  submit  herewith  report  of  Assist 
Engineer  H.  S.  Douglas,  of  an  examination  of  Bayou  De  Glaise,  La 
iana,  proxided  for  in  act  of  Congress  approved  March  3, 1879. 

Tracings  of  chart  drawn  to  a  scale  of  ^(^  will  be  forwarded  in  a  a 
arate  pacl^age. 

Eecommendations  of  Mr.  Douglas,  as  to  plan  of  improvement,  i 
given  in  his  report  and  are  concurred  in.  His  estimates  are  a 
approved,  the  total  amount  of  which,  viz,  $9,540,  can  be  expended 
advantage  on  the  work  during  the  ensuing  fiscal  year. 

The  commercial  statistics  furnished  by  Mr.  Douglas  show  the  work 
be  of  very  considerable  importance.    The  work  is  not  susceptible  of  pt 
manent  completion. 

It  is  located  iu  the  collection  district  of  New  Orleans.    The  nearest  light-house  is 
the  entrance  to  Atchafalaya  Bay. 

Very  respectfully,  your  obedient  servant, 

C.  W.  Howell, 
Major  of  Engineers. 
Brig.  Gen.  H.  G.  Wright, 

Chief  of  Engineers^  U.  8.  A. 


REPORT  OF  MR.    H.    8.    DOUGLAS,  ASSISTANT  ENGINEER. 

New  Orleans,  La.,  January  31,  18H0. 

Sir:  In  obedience  to  instructions  received  from  yon,  I  left  New  Orleans  October  21. 
1879,  for  the  purpose  of  making  an  examination  of  Bayou  De  Glaise,  Louisiana,  and 
have  the  honor  to  submit  the  following  reports  and  accomxianying  charts: 

My  instructions  were  to  run  a  transit  and  stadia  line,  with  soundings,  on  the  Bayoa 
De  Glaise,  commencing  at  Simmsport,  where  the  bayou  debouches  into  the  Atchafalayi^ 
River,  and  terminating  at  the  town  of  Evergreen.  This  latter  place,  is  not,  however,  . 
onDe  Glaise,  but  on  the  Bayou  Rouge,  which  ispractically  a  continuation  of  De  Glaise. 
These  two  bayous  are  formed  by  the  waters  of  Ked  River,  during  high-watei^  flowing 
down  through  Bayous  Lamourie,  Choctaw,  and  du  Lac  into  Lake  Pearl,  and  fix>in 
thence  into  Bayou  De  Glaise,  one,  if  not  the  only  one,  of  its  outlets.  After  flowing 
down  De  Glaise  2^  miles,  the  w^ater  arrives  at  what  is  known  as  the  "Junction,"  or 
the  point  where  Bayou  Rouge  leaves  De  Glaise — the  water  flowing  either  way  from 
this  point,  one  portion  finding  its  way  into  the  Atchafalaya  by  Bayou  De  Glaise,  th^ 
other  by  Bayou  Rouge. 
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The  distance  by  both  bayous  from  Simmsport  to  Evergreen  is  63|  miles,  Bayoa  De 

61*186  4H  mileB,  and  Bayou  Rouge  l&f  miles.     The  average  width  of  the  former  is  250' 

feet^  that  of 'the  latter  175  feet.    The  general  cross-section  is  like  that  of  an  artificial 

cat  or  canal.     At  the  time  of  making  the  survey  there  had  been  a  prolonged  drought 

in  the  immediate  country,  and  also  very  low-water  in  the  Mississippi  and  Red  rivers, 

in  consequence  of  which  the  bayou  was  almost  dry,  the  only  water  being  a  narrow 

itream  or  pool  in  the  center,  supplied  from  springs.     This  condition  of  affairs  waa 

highly  favorable  for  the  examination,  as  it  enabled  obstructions  to  be  seen  and  noted 

tuit  otherwise  might  have  escaped  observation.     In  lieu  of  soundings,  which  were  un- 

nectnary,  the  pools  preserving  an  even  depth,  of  1  foot,  cross-sections  were  made  at 

intervals.    These  latter  on  the  Bayou  De  Glaise  show  approximately  the  slope  of  the 

bed  of  the  stream,  as  the  general  country,  as  well  as  the  banks  of  the  bayou,  being 

tlluf  alluvial  formation,  is  nearly  on  a  dead  level.     As  is  the  case  on  all  Louisiana 

hayous,  the  immediate  banks  are  the  highest  land,  the  slone  being  from  them  toward 

the  cypress  swamps.     The  width  of  the  cultivated  land — that  is,  the  distance  between 

thelKiyou  and  the  swamp — averages  about  one-half  mile  on  the  north  bank  and  1  mile 

on  the  south.     It  is  a  noticeable  peculiarity  that  the  south  bank  of  all  bayous  has  the 

widest  strip  of  land  to  be  cultivated,  providing  that  the  largest  part  of  material  during 

hi^h-water  is  deposited  on  the  south  bank.     The  country  bordering  both  bayous  is 

thickly  settled  and  all  under  cultivation,  the  principal  crops  raised  being  sugar,  cotton, 

and  com. 

The  town  of  Evergreen  is  situated  at  the  junction  of  Bayous  Rouge  andHuffpower^ 
Thi»  latter  connects  the  Boeuf  and  Rouge  at  high-water.  Bayou  Rouge  continues  on 
post  Evergreen  to  the  south,  and  finally  meet«  the  Atchafalaya  at  Churchville,  where 
it  has  heen  closed  by  a  dam,  so  as  to  obtain  slack  water  navigation  in  the  lower  bayou. 
The  obstructions  noted  on  the  chart  in  the  first  and  second  miles  of  Bayou  Rouge 
consist  of  29  standing  trees,  1  fallen  tree,  and  19  logs. 

From  the  third  to  the  sixth  mile  the  bayou  makes  a  long  bend,  the  distance  across 
the  point  being  about  1,800  feet.  This  bend  is  very  badly  obstructed  by  willows  and 
other  trees,  which  have  grown  up  in  the  bed  of  the  stream.  At  some  past  date  this 
bend  must  have  been  cleaned  out,  as  for  a  distance  of  4,000  feet  the  fifth  mile  is  filled 
vith  old  stumps  cut  oft'  to  an  even  height  of  2  feet  above  the  bottom  of  the  bayou.  In 
this  bend  there  are  also  numerous  logs  or  fallen  trees,  besides  two  shoals  or  bars  on  the 
sixth  mile ;  one  1,300  and  the  other  '-^,000  feet  in  length,  and  both  from  1  to  2  feet  above 
the  general  level  of  the  bottom. 

On  the  seventh,  eighth,  and  ninth  miles,  the  obstructions  are  11  standing  trees,  16 
logs,  1  fallen  tree,  and  three  bars,  one  on  each  mile,  respectively  .'SOO,  1,400,  and  200 
feet  in  leugth,  and  from  1  to  2  feet  above  the  general  level  of  the  bottom  of  the  bayou. 
The  tenth,  eleventh,  and  twelfth  miles  are  around  Coco's  Bend.  For  8,300  feet  the 
bayou  is  filled  with  standing  trees,  principally  willows.  Two  fallen  trees  and  about 
iKMogs  would  have  to  be  removed.  On  the  thirteenth  and  fourteenth  miles,  a  shoal 
iaft)  feet  long  and  from  1  to  3  feet  above  the  general  level  of  the  bottom  is  to  bo 
fonnd:  also  6  Togs  and  15  standing  trees. 

In  the  fifteenth  mile  is  the  town  of  Cottonport.  The  bed  of  the  bayou  was  perfectly 
dry  from  here  to  what  is  known  as  the  ''Junction'^  at  the  time  of  the  siu'vey.  On  the 
Bxteenth  mile  there  are  »\k  standing  trees,  and  the  last  1,000  feet  is  filled  with  the  same. 
This  also  brings  us  to  the  * 'Junction"  of  Bayous  Rouge  and  De  Glaise.  The  bed  of  the 
Ronge  at  the  **j  unction"  is  from  4  to  6  feet  above  that  of  De  Glaise.  From  the  seven- 
teenth to  the  fluietb  mile  Bayou  De  Glaibe  is  almost  clear.  The  obstructions  to  be 
foond  are  all  located  on  the  chart,  and  consist  of  12  fallen  trees  and  171  logs  lying  on. 
the  bottom. 

On  the  twenty-fifth  mile  is  the  town  of  Moreauville,  situated  at  the  upper  end  of  the 
cat-off  r*)ad  across  the  big  bend ;  the  town  at  the  lower  end  is  known  as  Hamburg. 
The  distance  bv  the  bavou  between  the  two  towns  is  30  miles,  and  bv  the  cnt-oflf  road 
butS^. 

On  the  fifty-first  mile  will  be  found  one  of  the  three  bad  obstructions  which  exist  on 
the  bayou.  It  is  a  collection  of  logs  on  the  bottom  in  the  shape  of  a  sunken  raft.  This 
seriously  obstruct*  navigation,  as  it  reciuires  2  feet  more  water  to  carry  a  boat  over 
this  raft  than  would  ordinarily  be  required  for  the  navigation  of  the  bayou  in  that 
vicinity.     One  fallen  tree  would  have  to  be  removed. 

Two  fallen  trees  and  one  log  are  all  the  obstructions  on  the  fifty-second  and  fifty- 
third  miles.  In  the  fifty-fourth  mile  is  Mill  Bayou,  the  mouth  of  which  has  been  closed 
by  an  automatic  gate,  which  only  allows  the  water  to  flow  into  and  not  out  from  De 
Glaite.  The  obstructions  arr  a  sunken  flat-boat  and  1,200  running  feet  to  be  cleared  of 
brush  and  standing  trees. 

The  fifty-fifth  mile  is  clear.  The  town  of  Hamburg  is  situated  about  the  middle  of 
this  mile.  The  fifty-sixth  mile  has  the  north  bank  lined  with  brush  and  standing  trees. 
Od  the  fifth-sixth  mile  is  the  wreck  of  a  sunken  boat,  which,  however,  is  not  bad,  as 
it  is  partially  broken  up  ;  also  brush  on  both  banks  and  oue  fallen  tree.  Fifty-seventh 
mile  has  brush  on  both  banks  to  clear  off.    Fifty-eighth  mile  lias  2,500  feet  \med  ^'\t\iv 
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brush,  one  fallen  tree^  and  two  logs.  On  the  sixtieth  mile  there  is  another  raft,  simi- 
lar  to  that  on  the  fifty-first  mile,  and  to  which  the  same  remarks  will  apply,  except  as 
to  length,  this  one  being  500  feet  in  length  ;  also,  3,200  feet  to  clear  of  brush.  On  the 
sixty-hrst  mile  is  the  last  of  the  sunken  rafts,  this  one  being  100  feet  long  and  similar 
to  the  others.  One  fallen  tree  and  two  logs  to  be  removed ;  trees  and  brush  to  clear 
.off. 

The  sixty-second,  sixty-third,  and  sixty-fourth  miles  of  the  bayou  are  obstructed  by 
brush  and  trees,  growing  into  the  channel ;  there  bein^  one  particularly  bad  place  at 
the  beginning  of  the  sixty-second  mile,  just  below  Yellow  Bayou,  where  there  is  au 
island.  Steamboat-men  complain  of  this  place  as  being  hard  to  pass  on  account  of 
projecting  trees.  Seven  logs  and  one  fallen  tree  have  to  be  removed  in  this  distance. 
Sixty-three  miles  and  4,500  feet  bring  us  to  the  mouth  of  Bayou  De  Glaise,  at  the 
Atchafalaya  River. 

The  rafts  on  the  fifty-first,  sixtieth,  and  sixty-first  miles  were  placed  there  during 
the  war  to  prevent  gun-boats  going  up  the  bayou.  It  will  not  be  necessary  to  clear 
the  entire  bed  of  the  stream  from  brush,  but  only  where  it  encroaches  upon  the  chan- 
nel. The  best  time  to  remove  the  obstructions  would  be  between  the  months  of  July 
and  February  at  low-water. 

«8TIMATE  FOR  IMPROVING   BAYOU   ROUGE    FROM   EVERGREEN  TO  THE  JUNCTION,    15J 

MILES. 

•Clearing  channel  from  standing  trees,  stumps,  logs,  and  fallen  trees,  15f 

miles,  at  $200  per  mile $3, 150  00 

Add  20  per  cent,  for  contingencies 630  00 

Total ; 3,780  00 

No  estimate 
would  scarce! 

rising  or  the  Ijist  of  a  falling  bayou.  No  boat  has  been  in  the  Bayou  Rouge  since  1H74, 
and  in  that  year  only  a  little  beyond  Cottonport.  None  have  ever,  so  tar  as  I  could 
learn,  gone  to  Evergreen. 


be  is  made  for  removing  the  bars  in  Bayou  Rouj?e,  as  the  benefit  obtained 
dy  justify  the  expense.     They  are  only  obstructions  on  the  first  stage  of  a 


ESTIMATE  FOR   IMPROVING    BAYOU   DE   GLAISE    FROM  THE  JUNCTION    TO   THE   ATCHA- 
FALAYA RIVER,  4<5  MILES. 

Clearing  brush  off"  banks  where  it  encroaches  on  channel,  removing  sunken 

logs  and  fallen  trees,  48  miles,  at  .$100  per  mile |>4, 600  00 

Add  20  per  cent,  for  contingencies 960  00 

'Total 5,?e)0  00 

There  is  a  very  valuable  commerce  to  be  benefited,  as  the  bayou  traverses  a  thickly- 
settled  and  productive  country.  All  the  laud  ou  both  banks  is  under  cultivation,  the 
average  crop  being : 

20,000  bales  cotton,  valued  at |1750,000  00 

1,653  hogsheads  sugar,  valued  at 140,000  00 

2,532  barrels  molasses,  valued  at 30,000  00 

920,000  00 

The  miscellaneous  country  produce,  in  the  way  of  com,  rice,  stock,  poultry^  eggs, 
together  with  a  considerable  quantity  of  cypress  lumber,  will  raise  the  value  of  the 
annual  products  to  over  $1,000,000.  The  value  of  return  freights  will  also  be  consid- 
erable, as  very  nearly  all  supplies  are  brought  from  New  Orleans.  During  low-water 
in  the  bayou  all  this  business  has  been  transacted  by  wagons,  the  charges  for  hauling 
cotton  to  Simmsport,  the  only  shipping  point,  averaging  |1  per  bale,  and  is  propor- 
tionate upon  other  articles.  This  tax  i.s  entirely  avoided  when  boats  come  into  the 
bayou,  as  they  carry  freight  from  the  planters  landing  to  New  Orleans  for  the  same 
rate  that  it  is  carried  from  Simmsi)ort.  The  removal  of  the  obstructions  mentioned  is 
not,  however,  the  improvement  which  the  inhabitants  most  desire,  for  their  removal 
will  only  improve  the  navigation  for  three  or  four  months  in  the  year — the  months  of 
March,  April,  May,  and  June — or  during  high-water  in  the  Mississippi  and  Red  rivers. 
What  is  most  desirable  is  some  improvement  that  will  give  them  constant  navigation. 
This  can  only  be  accomplished  by  lueans  of  slaokwater,  and  Bayou  De  Glaise  is  singu- 
larly favore<l  in  its  position  in  regard  to  such  au  improvement.  Lake  Pearl,  its  source, 
is  3|  miles  long  by  2^  miles  wide,  and  from  4  to  6  feet  deei>,  surrounded  by  a  cypress 
swam]),  by  the  overfiow  of  which  its  reservoir  capacity  could  be  greatly  increased 
without  injury  to  the  neighboring  country.     The  fall  from  the  Junction,  the  highest 


APPENDIX   M.  1179 

point  to  which  it  would  be  desirable  to  improve  the  bayou,  to  the  Atchafalaya  is, 
ftpproxioiately,  22  feet,  and  the  uatnral  cross-section  is  the  one  that  gives  the  minimum 
ot  eyaporative  surface,  so  that  there  would  be  but  little  loss  from  this  cause.  The 
data  obtained  from  a  mere  examination  is  not,  however,  sufficient  to  predicate  an 
improvement  of  this  nature  upon,  though  the  country  and  commerce  to  be  benefited 
would  justify  such  a  work.  The  inhabitants  were  particularly  hospitable,  and  every 
Idodness  and  attention  was  shown  your  assistant  and  his  party  during  the  examina- 
tion. 

Very  respectfully, 

H.  S.  Douglas, 
Assistant  Engineer. 
Maj.  C.  VV.  Howell, 

Corps  of  Engineers,  U.  S.  A. 


examination  of  bayou  terrebonne,  louisiana. 

United  States  Engineer  Office, 

:S^€ic  Orleans,  February  27,  1880. 

General  :  I  have  the  honor  to  submit  herewith  report  of  Assistant 
Engineer  W.  H.  Hoffman  of  an  examination  of  Bayou  Terrebonne, 
Louisiana,  provided  for  in  act  of  Congress  approved  March  3,  1879. 

Tracings  of  chart,  drawn  to  a  scale  of  eroVo?  ^i^^  be  forwarded  in  a 
separate  package. 

Recommendations  of  Mr.  Hoffman  as  to  plan  of  improvement  are 
given  ill  his  report  and  are  concurred  in.  His  estimates  are  also  ap- 
proved, and  can  be  expended  to  advantage  on  the  work  during  the  en- 
saiug  fiscal  y«*ar,  viz,  $18,800.  I  am  unable  to  furnish  any  commercial 
«tatii>tic«  other  than  those  given  by  Mr.  Hoffman  in  his  report.  The 
work  is  not  susceptible  of  permanent  completion. 

It  w  located  iu  the  collection  district  of  New  OrleanH.     The  nearest  ligbt-liouse  is 
near  east  end  of  Timbalior  Island,  Louisiana. 

Very  respectfully,  your  obedient  servant, 

C.  W.  Howell, 
Major  of  Engineers. 
Brig.  Gen.  H.  G.  Wright, 

Chief  of  Engineers^  U,  S.  A. 


report  of  w.  11.  hoffman,  assistant  engineer. 

United  States  Engineer's  Office, 

Xew  Orleans,  La.,  January  31,  1880, 

Major:  I  have  the  honor  to  submit  the  following  report  on  an  examination  of 
Bayon  Terrebonne,  Louisiana : 

Field  work  was  commenced  on  the  19th  of  August  and  completed  the  same  month. 

A  transit  line  was  carried  down  the  Baj'ou  from  Houma,  using  needle  for  bearing 
and  stadia-rod  for  distances ;  soundings  and  topography  were  taken,  and  all  informa- 
tion possible  had  from  the  inhabitants,  who  did  all  in  their  power  to  assist  in  turther- 
^oee  of  the  work. 

Bayou  Terrebonne  was  once  an  outlet  bayou  of  the  Mississippi,  receiving  its  sup- 
ply from  Bayou  Lafourche  at  Thibodeauxville,  but  the  connection  with  Lafourche  was 
long  ago  closed,  and  above  Houma  it  is  but  a  very  small  drainage  bayou,  useless  for 
any  purpose  of  navigation.  Below  Houma  it  is  a  tidal  bayou,  and  serves  the  purpose 
of  a  highwaj',  for  which  reason  it  is  of  great  importance.  For  20  miles  it  is  bordered 
with  large  sugar  plantations,  and*C  miles  farther  by  small  farms.  There  are  connected 
with  Bayon  Terrebonne  many  other  bayous  which  depend  on  the  navigation  of  the 
Tr^rn-lHirini*  for  their  communication  with  a  market.  Roads  on  the  bayou  banks  are 
entirely  nM«*h'H.'4  for  moving  freiglit. 

There  in  ii'»  v  ;i  r  li  roa  I  c  uiMfcrion  from  Houma  with  Morgan's  Louisiana  and  Texas 
ItailriMid;  iiio;»t  freight  goes  that  wav.     There  nre  two  steamers  used  for  brrngVn^ 
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freights  from  plantations  on  Terrebonne  and  other  connecting  bayous  to  Honmafor 
shipment  by  rail,  bnt  there  is  a  canal  in  progress  which,  when  complet<;d,  will  con- 
nect the  Terrebonne  with  Lafourche. 

At  Hounia  the  width  of  the  bayou  is  40  feet  and  its  depth  at  low-tide  is  4  feet,  but 
at  intervals  for  the  first  5  miles  are  shoals  where  but  2  feet  can  be  carried  over  at  low 
tide.  All  navigation  at  the  upper  end  of  the  bayou  near  Houma  is  done  at  high  tide, 
which  gives  frorfi  1  to  2  feet  more  water,  depending  on  the  wind  in  the  bays  below. 
Much  of  the  freight  is  carried  by  schooners  which  run  to  New  Orleans  through  the 
lower  bays  and  other  connecting  bayous,  and  by  Hat-boats  which  are  cordelled  and 
poled  from  plantations  up  to  Houma. 

With  the  6  miles  from  Houma  the  water  deepens  to  4  feet  at  low  tide,  gradually 
deepening  to  6  feet  at  the  tenth  mile,  and  varying  from  6  to  8  feet  to  the  middle  of  the 
twenty-third  mile,  but  the  width  increases  very  rapidly  after  the  twenty-first  mile 
to  200  feet  or  more. 

The  right  bank  for  the  first  20  miles  has  a  belt  50  feet  wide  of  willows  growing  from 
the  water's  edge  to  the  high  laud,  while  the  opposite  left  bank  has  no  willows,  bnt 
has  a  belt  of  sea  marsh  grass  to  about  the  same  width  between  the  channel  and  the 
road  which  ruus  on  the  ed^e  of  the  high  land. 

On  the  twenty-second  mile  is  a  canal,  Madison  Bellan^er,  and  entered  from  the  east^ 
but  it  has  been  closed,  and  water  stands  on  the  back  side  of  the  levee  2  feet  above 
water  in  the  Terrebonne. 

At  the  beginning  of  the  twenty-fifth  mile  Bayou  La<^ache  enters  from  the  west ;  it 
forms  the  connection  with  Little  Caillou  Bayou,  and  all  the  commerce  of  that  bayou, 
which  is  equal  to  that  of  the  Terrebonne,  comes  through  it  and  goes  to  Houma.  It  is 
timbered  on  both  sides,  and  it<s  depth  is  5  feet  or  more. 

For  nearly  a  mile  below  Bayou  Lacache  the  banks  of  the  Terrebonne  are  above 
overflow,  and  are  very  thickly  settled ;  but,  from  here  to  the  middle  of  the  thirty- 
third  mile,  where  Bayou  Lagraise  enters  from  the  west  and  connects  with  Terrebonne 
Bay,  both  banks  are  overflowed  at  high  tide  and  not  cultivated. 

Opposite  the  mouth  of  Bayou  Lagraise  a  canal  has  been  dug  through  the  bank  to 
Lake  Barr^.  It  is  50  feet  wide,  4  feet  deep,  and  300  feet  long ;  it  is  expected  that  it^ 
will  be  finished  through  to  Lafourche  wichin  a  year. 

The  survey  was  continued  down  5  miles  farther,  but  for  a  mile  below  Bayou 
Lagraise  there  is  a  bar  with  but  2  feet  depth,  and  no  commerce  passes  down  the  old 
bayou. 

No  line  was  run  below  the  twenty-Heventh  mile,  as  the  bayou  banks  which  were 
but  very  narrow  strips  of  sea  marsh  between  Timbalier  and  Terrebonne  Bays,  between 
which  Terrebonne  Bayou  ran  in  1850,  and  which  is  said  to  have  had  a  greater  depth  than 
that  found  above  at  that  time,  are  now  broken  up  by  the  sea,  from  both  bays,  into 
little  isolated  grass  islands,  which  are  rapidly  disappearing  by  action  of  the  waves, 
and  are  now  found  at  intervals  of  two  or  three  miles  down  to  Caillou  Island,  where 
was  formerly  the  mouth  of  Bayou  Terrebonne. 

The  old  channel  is  filled  so  as  to  be,  like  the  bays  on  each  side,  but  a  sand  or  itiud 
flat  with  no  appearance  of  there  ever  having  been  a  bayou  there.  Cutting  otF  the  sup- 
ply of  water  from  the  Mississippi  stopped  also  the  supply  of  mud  by  which  the  banks 
were  built  up.  The  improvements  needed  on  this  bayou  consist  of  cutting  overhang- 
ing trees  on  the  right  bank  for  20  miles  below  Houma,  and  of  dredging  the  first  5  miles 
so  as  to  give  as  much  water  as  there  is  below,  or  at  least  to  give  enough  for  the  pas- 
sage of  boats.  Dredging  to  a  depth  of  4  feet  at  least,  at  low  tide,  will  give  a  high- 
wat«r  channel  suflicient  for  all  purposes  at  present.  This  would  make  an  estimated 
cost  for  the  improvement  as  follows: 

58,666  cubic  yards  dredging,  at  25  cents $14, 666  67 

20  miles  clearing,  at  $bO  per  mile 1,00000 

15,666  67 
Add  for  contingencies,  20  per  cent , 3, 134  33 

Total 18,800  00 

The  commerce  to  be  benefited  includes  the  whole  amount  coming  to  the  town  of 
Houma  by  water,  up  the  bayou,  which  was  in  1878-79,  14,175  hogsheads  sugar;  20,840 
barrels  molasses;  there  was  also  inuoh  rice  and  other  produce,  but  sugar  plantations- 
furnish  a  greater  part  of  the  freight. 

Very  respectfully,  your  obedient  servant, 

W.  H.  Hoffman, 

Asfthtant  Engineer^ 

Maj.  C.  W.  Howell, 

C  >n)8  of  EngineerFy  V.  S.  A. 


^  i 
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examination  of  tchefunctb  river,  louisiana. 

United  States  Engineer  Office, 

Netc  Orleans,  February  27,  1880. 

General  :  I  have  the  honor  to  submit  herewith  report  of  Assistant 
Engineer  W.  H.  Hoffman  of  an  examination  of  Tchefuncte  River,  Lou- 
isiana, provided  for  in  act  of  Congress  approved  March  3,  1879. 

Tracing  of  chart,  drawn  to  a  scale  of  goVis^,  will  be  forwarded  in  a  sepa- 
rate package. 

Becommendations  of  Mr.  Hofifman  as  to  plan  of  improvement  are 
«et  forth  in  his  report  and  are  concurred  in.  His  estimates  are  also 
approved  and  can  be  expended  to  advantage  on  the  work  during  the 
ensuing  fiscal  year,  viz,  $5,460. 

I  am  unable  to  furnish  valuable  information  concerning  the  commer- 
cial importance  of  the  work.  It  is  not  susceptible  of  permanent  com- 
pletion. 

The  nearest  light-house  is  on  the  Tchefuncte  River,  near  Madisonville,  La. 

Mr.  Hoffman  was  also  directed  to  make  an  examination  of  Bayou 
Castain,  which  the  citizens  of  Mandeville,  La.,  solicited  me  to  have  made 
with  a  view  to  its  improvement  by  the  general  government,  that  it 
might  serve  as  a  harbor  of  refuge  for  vessels  plying  on  Lake  Pontchar- 
train.  The  result  of  the  examination  is  appended  to  Mr.  Hoffman's  re- 
port on  the  Tchefuncte,  and  his  recommendations  as  to  plan  of  improve- 
ment of  Bayou  Castain  and  estimates  are  approved. 

The  amount,  $3,410,  can  be  expended  to  advantage  on  the  work  during 
the  ensuing  fiscal  year. 

Tbe  coUectioii  district  and  nearest  light-house  are  the  same  as  for  the  Tchefuncte 
BiTer.  ' 

Very  respectfully,  your  obedient  servant, 

C.  W.  Howell, 
Major  of  Engineers. 
Brig.  G^D.  H.  G.  Wright, 

Chief  of  Engineers,  U.  8.  A. 


REPORT  OF  MR.  W.   H.   HOFFMAN,   ASSISTANT  ENGINEER. 

New  Orleans,  La.,  January  31,  1880. 

Major  :  I  have  the  honor  of  submitting  to  you  the  following  report  on  the  examina- 
tion of  the  Tchefuncte  River,  Louisiana. 

A  survey  of  this  river  was  made  in  1871,  by  the  late  Lieut.  E.  A.  Woodruff,  United 
8tate8  Engineers,  and  a  tracing  of  the  chart  made  by  him  was  used  on  which  to  note 
aU  changes  nvhicn  have  taken  place  since  that  time.     Cross-sections  were  taken  at 
tbe  most  important  points,  following  lines  of  soundings  made  by  Lieutenant  Wood- 
ruff nearly  as  possible.     Covington  is  at  the  head  of  navigation  on  the  Bogue  Falaya, 
which  is  only  navigable  for  small  schooners  to  this  point,  steamers  stopping  at  Cov- 
ington Landing,  2  miles  below.    There  are  many  snags  and  overhanging  trees  on  the 
portion  of  river  between  the  steamboat  landing  and  Covington,  and  the  channel  is 
Tery  crooked  j  bends  are  very  sharp ;  banks  are  of  sharp  sand  and  almost  constantly 
changing  in  freshets.     Many  bars  are  found  with  too  little  water  to  allow  larger  ves- 
sels to  pass  than  the  small  schooners  at  present  found.     No  other  improvement  than 
Temoval  of  snags  and  overhanging  trees  is  advisable,  as  cut-offs,  which  captains  of 
aehooners  so  much  wish,  would  only  result  in  increasing  the  caving  of  the  bank  and 
would  probably  injure  the  river  below,  where  it  is  now  good.    Below  the  mouth  of 
the  Abita,  the  bank  has  a  gentle  slope  towards  the  river,  and  is  nowhere  caving ; 
there  is  a  wide,  deep  channel,  fully  sufficient  for  any  possible  want  of  navigation. 
The  hanks  on  the  lower  part  of  the  river  are  sea  marsh,  covered  at  high  tide.    The 
entrance  of  the  river  into  Lake  Pontchartrain  has  a  bar  on  which  is  found  hut  &^  feet 
at  a  coBunon  low  tide.    During  northers  there  ia  fully  I  foot  less,  and  at  Buch  tioiQa 
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the  harbor  is  most  ueeded  as  a  harbor  of  nsfuge  for  vessels  from  all  coast  ports  as  fu 
east  as  Pensacola,  coming  into  Lake  Pontchaitraiu  during  a  norther. 

The  entrance  to  New  Orleans  basin  canals,  on  the  lake,  is  a  very  difficnlt  one,  and 
very  dangerous  indeed  with  a  norther  blowing.  The  chief  business  of  the  steamers- 
running  in  this  trade  is  carrying  passengers  to  and  from  the  sea-side  watering-places, 
and  for  them  some  safe  harbor  on  the  north  side  of  the  lake  is  very  important.  The 
harbor  to  which  improvement  of  this  bar  would  give  these  access  is  one  of  the  best 
possible  for  such  purposes.  The  river  is  several  hundred  feet  wide  and  20  to  30  feet 
deep,  for  2  miles,  up  to  Madisonville,  where  steamers  can  tie  up  at  the  bank  at  any 
time.  The  bar  is  made  of  sand  and  shell  washed  from  the  lake  and  not  from  material 
carried  out  by  the  river,  which  is  a  clear-water  stream.  The  constant  progress  of  the 
point  and  the  bar  to  the  southwest,  and  the  washing  away  of  the  west  side  by  the 
current,  shows  that  the  bar  is  the  ettect  of  the  washing  of  the  sand  of  the  lake  beach 
to  westward  along  the  coast.  The  winds  affecting  this  shore  blow  from  southeast, 
and  a  jetty  to  protect  the  entrance  from  this  wash  of  sand  from  eastwanl  may  be 
found  necessary  to  retain  the  channel,  even  if  one  should  be  dredged  out,  as  can  be 
easily  done. 

Estimate  for  the  improvements  is  as  follows  : 

Removal  of  all  snags  to  Covington $300^ 

Removal  of  all  overhanging  trees ^ 500^ 

Dredging  on  bar  15,000  cubic  yards,  at  25  cents 3, 750- 

Add  for  engineering  and  contingencies,  20  per  cent 910 

Total 5,460^ 

At  the  urgent  solicitation  of  the  citizens  of  Maudeville,  an  examination  was  made 
of  Bayou  Castain,  the  mouth  of  which  was  formerly  their  harbor,  on  Lake  Pontchar- 
train,  but  its  entrance  from  the  lake  is  now  so  filled  as  to  be  useless.  The  bayou  drains 
about  10,000  acres  of  timbered  land,  and  during  rains  there  is  sufficient  current  to  wash 
out  the  sand  from  the  entrance  and  give  a  channel  across  the  bar  at  times  as  deep  as 
4  feet,  but  unfortunately,  with  the  first  blow  from  the  southeast  it  is  filled  with  sand ; 
seldom  rem ainiug  open  for  a  week,  aud  filling  so  as  to  leave  but  ^  a  foot  of  water  over 
the  sand.  This  washing-out  process  gave  the  idea  of  making  a  permanent  entrance, 
and  a  charter  was  secured  from  the  State ;  cribs  were  made  and  slightly  ballasted  with 
brick,  placed  on  each  side  of  the  entrance.  A  few  of  these  cribs  remain,  and  as  far 
ont  as  they  go  the  channel  remains,  but  most  of  the  cribs  washed  ashore,  and  the 
work  was  abandoned  from  want  of  mono  i*or  continuing  it.  The  success  of  this  crib 
work,  so  far  as  it  went,  shows  that  a  jetty  properly  built  would  keep  the  sand  from 
filling  the  channel,  the  filling  all  being  made  by  sand  washed  along  shore  to  westward. 
There  is  a  depth  of  6  to  7  feet  in  the  uayou,  and  were  the  entrance  so  improved  asto^ 
give  a  depth  of  5  or  6  feet  on  the  bar,  the  commerce  of  the  town  would  be  greatly 
benefited,  and  the  harbor  thus  made  would  be  available  as  a  harbor  of  refuge  on  this 
(north)  shore  during  the  gales  of  the  fall  and  winter  months. 

Maudeville  is  one  of  the  coast  watexing-places  and  during  the  summer  and  fall  from 
one  to  three  steamers  stop  there  every  day,  and  one  daily  during  the  remainder  of  the 
year.    There  are  also  many  schooners.  "» 

The  estimated  cost  for  the  improvement  to  be  made  is  at  follows : 

12,400  cubic  yards  dredging,  at  25  cents $3, 100 

Add  10  per  cent,  for  contingencies 310 

Total 3,410 

Yours,  respectfully, 

W.  H.  Hoffman, 
Maj.  C.  W.  Howell,  Assistant  Engineer, 

Corps  of  Engineers  J  U.  S.  A. 


examination  of  tickfaw  river,  louisiana. 

United  States  Engineer  Office, 

:N^ew  Orleans^  February  27,  1880. 

General  :  I  have  the  honor  to  submit  herewith  report  of  Assistant 
Engineer  H.  C.  Collins  of  an  examination  of  Tickfaw  River,  Looisiana, 
made  by  Civil  Assistant  H.  S.  Douglas,  as  provided  for  in  act  of  Con- 
gress approved  March  3, 1879. 

Tracings  of  chart,  drawn  to  a  scale  of  boV^,  will  be  forwarded  in  a^ 
separate  package. 
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Becommendations  of  Mr.  Collins  as  to  plan  of  improvement  are  set 
forth  in  his  report  and  are  concurred  in.  His  estimates  are  also  ap- 
proved ;  the  total  amount  of  which  can  be  expended  to  advantage  on 
the  work  during  the  ensuing  fiscal  year,  viz,  $10,230. 

The  commercial  importance  of  the  work  is  given  in  the  report  of  Mr^ 
Collins. 

The  work  is  not  susceptible  of  permanent  completion. 

It  is  located  in  the  collection  district  of  New  Orleans.  The  nearest  light-house  is 
ftt  the  mouth  of  Pass  Manchac,  Lake  Poutchartraiu. 

Very  respectfully,  your  obedient  servant, 

C.  W.  Howell, 
Major  of  Engineers. 
Brig.  Gen.  H.  G.  Wright, 

Chief  of  Engineers^  V.  S,  A. 


REPORT  OF  MR.    H.    C.    COLLINS,    ASSISTANT  ENGINEER. 

New  Orleans,  La.,  January  31,  1880. 

Major:  I  have  the  honor  to  submit  the  following  report  of  the  examination  of 
Tickfaw  River  and  its  navigable  branches.  The  Ticlcfaw  River  rises  in  the  Stnte  of 
Mi&iisHippi  and  empties  into  Lake  Maurepas.  North  of  the  beginning  of  this  survey 
the  river  is  at  low-water  but  a  succession  of  pools,  connected  by  ripples,  over  which 
ID  long  droughts  but  little  water  flows,  and  its  banks  are  high  rolling  pine  woods 
land,  or  a  bottom  once  washed  out  by  the  stream  and  heavily  timbered,  covered  in 
fittbets  by  the  river. 

The  sur^'ey  was  made  by  H.  S.  Douglas,  assistant  engineer.     He  began  at  the  cross- 
ing of  the  Baton  Rouge  and  Ponchatoula  road,  where  the  stream  is  60  to  80  feet  wide 
ajhI  5  to  10  feet  deep  at  low-water;  but  there  are  bars  where  but  3  feet  is  found.     The 
fiwt  6  miles,  above  Mr.  Chapman's  place,  is  so  choked  by  old  logs,  snags,  and  trees 
blonn  in  bv  the  gale  qf  September  last,  as  to  be  almost  impassable  even  for  a  skiff, 
sod  there  is  an  almost  continuous  line  of  overhanging  trees  on  one  side  or  the  other. 
On  the  fonrth  mile  from  the  beginning  is  Whetmore  Island,  where  the  river  divides ; 
one  part  passing  to  the  west  of  the  island,  having  at  its  head  much  the  largest  cross- 
aection,  is  entirely  blocked  by  raft  of  snags,  trees,  and  drift,  and  the  other  part,  pass- 
ing to  eastward  of  the  island  for  nearly  a  mile,  is  but  2  feet  deep  and  less  than  30  feet 
wide  in  places,  and  much  obstructed  by  timber  standing  and  fallen.     This  island  and 
its  two  obstructed  channels  are  probably  the  dam  which  makes  the  4-mile  pool  above, 
mod  at  low-water  any  improvement  of  these  channels  will  probably  draw  off  the 
wAi^T  above ;  but  below  the  island  the  character  of  the  river  changes  to  a  tidal 
stream,  with  a  current  depending  entii'ely  on  the  tide,  except  at  freshets. 

From  Chapman's  place  to  Mr.  Settoon's  place  is  4  miles,  and,  though  the  depth  is 
nowhexe  less  than  4  feet  and  the  width  great  enough,  so  that  schooners  or  steamers 
conld  easily  navigate  it,  they  are  entirely  prevented  by  the  great  number  of  logs  and 
the  overhanging  trees.  Mr.  Chapman  made  one  cut-off  many  years  ago,  and  attempted 
to  make  another  one,  but  faile<l  to  turn  the  river  through  the  second,  and  it  can  yet 
be  easily  closed  and  saves  half  a  mile  of  river  and  4  bends  of  240^  or  more  each,  while 
hia  cut  would  give  a  long,  straight  reach.  The  first  cut-off  which  he  succeeded  in 
making  was  an  unimportant  one,  shortening  the  river  so  little  as  not  to  appreciably 
chance  the  slope,  and  these,  so  far  as  could  be  learned,  were  the  only  attempts  to 
interiere  with  the  river.  The  banks  are  nowhere  caving,  and  once  cleared  the  channel 
woold  probably  remain  good.  The  bottom  land  is  so  low  that  it  is  covered  with  every 
freshet,  and  is  not  liable  to  be  cleared  so  as  to  form  cut-offs;  a  growth  of  cane  protects 
it  from  washing.  The  water  is  almost  absolutely  free  from  any  earthly  material  in 
suspension,  but  is  colored  to  a  dark  coffee-color  by  cypress  and  gum.  Mr.  Settoon^s 
place  is  now  the  head  of  navigation  for  schooners,  which  they  find  great  difficulty  in 
reaching;  from  the  great  number  of  trees  blown  in  by  the  September  gale.  There  were 
many  old  snags  and  some  overhanging  trees  forming  obstructions  before.  Below  this 
there  is  nowhere  less  than  9  feet  depth  in  the  channel ;  8  miles  below  Settobn's,  Blood 
Hirer  enters  from  the  north ;  it  is  but  a  tidal  stream  so  far  up  as  it  is  navigable  (about 
4  miles),  and  the  width  is  80  feet  or  more  and  the  depth  about  10  feet.  There  are  many 
old  snags  and  trees  and  some  overhanging  trees.  Bluffs  touch  the  river  sufficiently 
often  to  afford  landing  places.  From  the  mouth  of  Blood  River  to  the  Natalbany  is  6 
milM,  and  from  thence  to  Lake  Maurepas  is  2  miles.  This  distance  has  a  c\ittuiic\ 
fidl J  250  feet  wide  and  a  depth  of  10  to  20  feet.     The  ^atalbany  enters  from  t^e  nortlo^ 
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tind  is  navigable  to  the  town  of  Spring^eld,  10  miles  above  its  Junction  with  the  Tick- 
faw.  The  depth  is  nowhere  less  than  10  feet  in  the  channel,  and  it  has  a  sufficient 
-width  to  turu  a  schooner  or  steamer  almost  anywhere,  but  it  is  somewhat  obstructed 
by  snags,  trees,  and  overhanging  trees.  The  Ponchatoula  River  is  the  most  easterly 
branch,  and  enters  the  Natalbany  4  miles  above  its  junction  with  the  Tickfaw.  Except 
during  freshets  it  is  entirely  supplied  by  tide-water,  and  rises  andjfalls  with  the 
lake. 

The  survey  of  it  began  at  the  bridge  on  the  Baton  Rouge  and  Ponchatoula  road,  to 
which  point  there  is  sufficient  width  ad  depth  for  navigation,  but  the  first  2  miles  is 
much  obstructed  by  overhanging  trees  and  by  logs  and  trees  in  the  water.  Below 
Wadesborough  there  is  now  navigation  for  schooners,  but  the  channel  is  much  ob- 
structed by  overhanging  trees,  by  trees  blown  in  during  the  gale  of  September,  and 
by  old  logs  and  snags.  Each  of  the  three  branches  of  the  Tickfaw  is  of  more  com- 
mercial importance  than  the  main  stream,  and  removal  of  the  obstructions  will  facili- 
tat>e  communication  with  New  Orleans,  and  make  it  possible  to  use  steamboats  instead 
of  schooners.  Any  increase  in  regularity  and  speed  of  the  means  of  communication 
will  promote  settlement  of  the  country  and  increase  its  commerce.  The  schooners  now 
eomiug  to  these  rivers  during  all  the  year  (except  the  three  or  four  dull  months  of 
summer)  are  about  as  follows : 

Schooners 
,  per  week- 

To  the  Natalbany '. 4 

To  the  Ponchatoula 3 

To  the  Blood  River 2 

To  the  Tickfaw 3 

Besides  the  freight  of  these  schooners,  great  quantities  of  hewn  timber,  spars,  and 
«aw-loj!8  are  floated  out,  and  are.  to  be  included  in  the  commerce  of  these  rivers. 

The  depth  of  water,  which  depends  entirely  on  the  height  of  water  in  Lake  Mau- 
repas,  is  never  so  little  as  in  the  least  to  affect  navigation,  and  there  is  at  lowest  water 
of  a  winter  norther  7  feet  of  water  over  the  bar  at  the  mouth  of  the  Tickfaw  in  the 
lake,  but  the  bar  at  the  mouth  of  Pass  Manchac  in  Lake  Pontchartraiu  has  but  6  feet 
depth,  and  at  low-tide,  with  a  northwest  wind,  less  than  5  feet.  The  entire  commerce 
of  these  rivers,  and  the  Amite  and  other  rivers  entering  Lake  Maurepas,  must  all 
pass  this  bar.  No  survey  has  been  made  of  it,  but  from  information  given  by  captains 
of  vessels  passing  there,'  I  think  it  will  require  about  20,000  cubic  yards  of  dredging  to 
make  a  good  channel.  The  available  depth  is  said  to  be  much  less  than  it  was  pre- 
vious to  the  breaking  of  the  Bonnet  Carr6  crevasse  in  1874.  Most  of  the  wator  from 
that  source  now  finds  its  way  into  Lake  Maurepas,  and  from  it  alone  comes  the  mud 
for  a  bar  at  the  mouth  of  Pass  Manchac,  as  all  the  rivers 'entering  the  lake  are  clear- 
water  streams.  The  cost  of  dredging  the  20,000  cubic  yards  will  be  about  25  cents  per 
yard,  or  |S,000  for  the  whole,  if  the  information  shouldprove  correct  ae  to  its  amount, 
and  if  nothing  but  dredging  were  required. 

On  the  banks  of  the  Tickmw  and  each  of  its  branches  are  many  shell  mounds  which 
are  kitchen  refuse  of  some  ancient  race.  The  shells  of  these  mounds  are  mostly  the 
gnathodon  clam,  which  is  now  found  living  in  the  lake  below,  and  throughout  the 
mounds  are  nieces  of  broken  pottery  and  bones  in  small  atnount  compared  with  the 
shells  ;  but  all  bones  of  any  size  show  marks  of  having  been  cooked  and  of  having 
been  split  to  get  at  the  marrow.  They  are  part  animal — deer,  &c. — and  in  part  human 
hones.  The  mounds  are  like  those  found  on  all  other  rivers  on  this  part  of  the  coast. 
These  shells  would  be  of  value  if  works  were  made  to  improve  Lake  Pontchartrain 
navigation.  The  improvement  of  the  Tickfaw  River  far  above  the  head  of  the  present 
survey  would  open  a  country  where  are  growing  great  forests  of  yellow  pine,  ana  afford 
means  of  floating  it  out ;  far  less  work  would  be  necessary  for  this  than  for  any  purposes 
of  navigation.  In  its  present  condition  the  upper  river,  even  in  highest  water, 
cannot  be  used  for  rafting.  From  the  head  of  the  survey  down  to  the  Chapman  place, 
closure  of  one  fork  at  Whetmore  Island,  and  removal  of  the  snags  and  trees  now,  may 
give  the  water  of  the  next  one  or  two  high  river  seasons  a  chance  to  wash  out  one 
channel  to  an  extent  to  make  it  navigable.  It  is  quite  probable  that  a  little  washing 
on  the  shoal  places  will  show  that  they  are  really  but  sunken  logs  slightly  covered  with 
sand ;  and,  if  so,  removal  will  at  once  make  the  river  navigable  to  the  head  of  the 
survey.     Estimates  for  the  improvements  proposed  will  be  as  follows : 

Tickfaw  River  from  head  of  survey  at  Van  Buren  place  to  Chapman's  place, 

6  miles,  at  ^00 $3,000 

Chapman's  to  Settoon's  place,  4  miles,  at  |300 1, 200 

Settoon's  to  lake,  16  miles,  at  ^100 1,600 

Blood  River,  4  miles,  at  $100 400 

Natalbany  and  Ponchatonla  rivers,  15|  miles,  at  |150 2, 325 

Add  for  contingencies,  &c.,  20  per  cent 1, 705 

Total : 10,230 
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X  chart  of  these  rivers  has  be^jn  made  on  a  scale  of  TTrfnri  showing  all  visible  obstnic- 
tioiisand  character  of  the  banks,  soundings  at  low-water,  &c. 
Yours,  respectfully, 

H.  C.  Collins, 
Assistant  Engineer. 
Maj.  C.  W.  Howell, 

Corps  of  Enffinetrs,  U,  S,  A. 


examination  of  amite  biver,  louisiana. 

United  States  Engineer  Office, 

New  Orleans^  February  27,  1880. 

General  :  I  have  the  honor  to  submit  herewith  report  of  Assistant 
Eo/rineer  H.  S.  Douglas  of  an  examination  of  Amite  Eiver,  Louisiana, 
provided  for  in  act  of  Congress  approved  March  3, 1879. 

Tracings  of  chart,  drawn  to  a  scale  of  ^5^(5^,  will  be  forwarded  in  a 
8ej)arate  package. 

Kecommendations  of  Mr.  Douglas  as  to  plan  of  improvement  are  given 
in  his  report,  and  are  concurred  in.  His  estimates  are  also  approved, 
and  can  be  expended  to  advantage  on  the  work  during  the  ensuing  fiscal 
vear,  viz,  $23,760. 

I  am  unable  to  furnish  valuable  information  concerning  the  commercial 
importance  of  the  work  other  than  that  given  in  the  report  of  Mr.  Doug- 
h&.    The  work  is  not  susceptible  of  permanent  completion. 

It  is  located  in  the  collection  district  of  New  Orleans.     The  nearest  light-house  is  at 
the  mouth  of  Pass  Manchac,  between  Lakes  Maurepus  and  Pontchartrain. 

Very  respectfully,  your  obedient  servant, 

C.  W.  Howell, 

Major  of  Engineers. 
Brig.  Gen.  H.  G.  Wright, 

Chief  of  EngineerSj  U.  S.  A, 


REPORT  OF  MR.    IL   S.    DOUGLAS,   ASSISTANT  ENGINEER. 

New  Orleans,  La.,  January  31,  1880. 

Sir  :  In  obedience  to  instructions  received  from  you,  I  left  New  Orleans  August  18, 
1879,  for  the  purpose  of  making  an  examination  of  the  Amite  River,  Louisiana,  and 
have  the  honor  to  submit  this  my  final  report,  with  accompanying  charts. 

The  river  was  traversed  with  transit  and  stadia,  and  soundings  taken  for  73^  miles, 
commeDcing  at  Thompson's  Bridge,  where  the  road  from  Clinton  to  Amite  City  crosses 
the  river,  and  ending  at  the  point  where  Bayou  Manchac  joins  the  Amite.  Below  that 
pornt  a  running  examination  was  made,  as  per  orders. 

The  Amite,  or  old  river  Bienville,  below  Bayou  Manchac,  had  been  previously  siir- 
veved  in  the  vear  1867,  by  Lieut.  J.  K.  Hezlep,  United  States  Engineers.  (See  Report 
of' the  Chief  of  Engineers  for  1868,  page  486.) 

For  convenience  m  description  I  divide  the  river  into  three  sections  in  reference  to 
the  cost  and  difficulty  of  improving  the  same.  All  obstructions  ara  delineated  on  the 
accompanying  charts,  and  a  minute  description  of  the  same,  mile  by  mile,  would  be 
tedious. 

FIRST  SECTION 

comprises  the  distance  from  Thompson's  Bridge  to  the  end  of  the  fortieth  mile,  and 
will  all  be  found  on  chart  No.  1. 

The  river  meanders  through  a  heavily  timbered  valley  or  bottom  land  which  averages 
aboat  1  mile  in  width,  and  subject  to  overflow  during  Hoods.  The  margin  of  this 
valley  and  the  high-wat-er  banks  of  the  river  is  a  high  rolling  country,  thickly  settled 
and  well  cultivated.  In  its  meanderings  the  river  occasionally  strikes  this  high 
country,  and  in  such  cases  the  bluff  averages  from  20  to  30  feet  in  height. 

Timber  of  almost  every  variety  abomuls  iu  the  valley,  cypress,  pine,  ani\\>eec\\\>ft- 
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I 
iug  the  most  prevalent,  bnt  owing  to  the  uumcroiis  obstructions  in  the  strei^ 

never  rafted  to  a  market.  I 

The  ohstnictlons  are  chiefly  trees,  which  have  fallen  in  by  the  caving  of  thei 

caused  by  the  swift  current  during  floods.    The  general  character  of  the  strei 

succession  of  pools,  sometimes  over  a  mile  in  length  and  not  less  than  4  feet  iu 

connected  by  ripples  or  shoals,  there  often  being  not  more  than  1  foot  of  w^it^ 

them.    The  l>ed  of  the  stream  is  generally  gravel  or  sand,  and  the  shoals  are  invii 

composed  of  these  materials. 

There  are  a  number  of  island  chutes  which  would  require  to  be  closed,  as  th^ 

during  low-water  cannot  bear  any  diversion  of  its  volume  from  the  main  chi 

But  few  cut-ofls  exist,  and  those  that  do  have  been  made  by  the  river  itself  ai 

bv  artificial  means.     The  average  width  of  this  section  is  100  feet,  with  a  least  \ 

ot  1  foot;  maximum  velocity  of  current  at  high-water,  4.4  feet  per  second;  at 

velocity  at  low-water,  1.4  foot  per  second.    Tne  obstructions  to  be  found  cont 

about  450  snags,  300  fallen  trees,  200  overhanging  trees,  and  20  standing  trees. 

removal  of  these,  together  with  the  closure  of  19  island  chutes,  and  clearing  ^ 

two  cut-oifs,  would  give  a  low-water  channel  of  20  inches.     One  bridge  would; 

to  be  converted  into  a  draw  or  removed. 

The  removal  of  these  obstructions  would  cost  ^300  per  mile,  making  a  total  fa 

40  miles  of  $12,000. 

SECTION  NO.    2 

includes  from  the  fortieth  mile  to  the  junction  of  Bayou  Mauchac,  73^  miles  fix>ii; 
initial  point  of  the  survey,  comprising  33^  miles  of  river.    The  valley  of  theriV 
the  same  as  that  of  the  first  section,  but  the  width  and  depth  of  the  stream  are  gre 
increased.     On  the  forty-first  mile  it  receives  from  the  west  its  first  tributary  of 
size,  Sandy  Creek,  and  on  the  fifty-sixth  mile  it  is  joined  by  the  Comite,  a  streai 
about  one-half  the  volume  of  the  Amite.    The  addition  of  these  two  streams  iuci^ei 
the  average  width  to  175  feet.    The  present  least  depth  below  Sandy  Creek  is  2  I 
and  below  the  Comite  3  feet.    There  are  no  ripples,  and  the  velocity  of  the  cnrren 
decreased,  the  fall  being  divided  over  the  entire  distance  instead  of  being  coneentra 
at  the  ripples  or  shoals.     The  maximum  velocity  is  2.2  feet  per  second,  minimum 
foot  per  second.    The  obstructions  to  be  removed  consist  of  about  175  snags,  140  faU 
100  overhanging,  and  35  standing  trees:  also  about  10,000  running  feet  of  bank  to 
cleared  of  projecting  willows.     There  are  three  island  chutes  to  be  closed,  three  o 
oft's  to  be  cleared  out,  and  one  bridge  to  be  removed  or  converted  into  a  draw.    1 
removal  of  these  obstructions  would  give  a  low-water  channel  of  3  feet. 

The  amount  required  is  estimated  at  $150  per  mile,  making  a  total  for  the  33:}  mi 
of  ii;5,025. 

SECTION  NO.   3 

comprises  from  Bayou  Manchac  to  Lake  Maurepas,  37  miles,  is  a  tide-water  bayo 
with  ample  depth  for  all  vessels  navigating  it.     Before  the  closure  of  Bayou  Mancha 
this  bayou,  together  with  the  Lower  Amite,  formed  one  of  the  many  passes  throng 
which  the  waters  of  the  Mississippi  found  their  way  to  the  Gulf,  and  was  then  knoii 
as  the  river  Bienville.    There  is  at  the  present  time  a  line  of  steamers  running  betwe€ 
New  Orleans  and  Hope  Villa,  on  Bayou  Manchac.    The  chief  obstructions  complaint 
of  by  these  boats  are  the  bars  at  the  mouth  of  the  Manchac  and  at  the  month  of  tb 
Amite  in  Lake  Maurepas,  but  as  no  line  was  run  upon  this  portion  of  the  stream,  thei 
is  not  sufficient  data  to  base  an  estimate  for  their  improvement  upon.    Any  improve 
ment  of  these  bars  would  necessitate  the  same  npon  the  one  at  the  Lake  PoutchartraiA 
end  of  Pass  Manchac,  as  the  depth  of  water  upon  all  three  is  about  the  same,  var>*iii| 
from  5  to  6  feet  at  low-water,  the  least  depth  being  during  the  prevalence  of  nortli 
west  winds. 

Four  and  a  half  miles  below  Manchac  is  the  town  of  Port  Vincent,  and  from  here  t4 
Whitehall,  16  miles  below,  the  banks  are  quite  thickly  settled  ;  this  portion  of  the  rivf^ 
having  the  immediate  banks  the  highest  and  8loping[  back  to  the  swamp.  From  Whit^ 
hall  to  the  lake  the  banks  are  swamp,  with  an  occasional  shell  bank.  The  obstructions 
consist  of  45  snags,  2(5  fallen  and  42  overhanging  trees.  There  is  nowhere  in  the  rivei 
less  than  15  feet  of  water,  and,  except  during  floods,  the  current  depends  ni>on  th* 
tide. 

An  estimate  of  i$75  per  mile  is  made  for  this  section,  making  the  total  amonnt  for 
the  37  miles  !i;2,775. 

RECAPITULATION. 

First  section,  40  miles,  at  $300  per  mile $12,000 

Second  section,  ^^  miles,  at  $175  per  mile 5,025 

Third  section,  37  miles,  at  $75  per  mile 2,775 

Add  20  per  cent,  for  engineering,  contingencies,  &c 3, 960 

Total 23,760 
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Thecommerco  to  Ue  benefited  is  large  and  important,  as  the  river  is  bordered  by 
plwtations,  the  most  of  which  are  eujraged  in  the  cultivation  of  cotton.  iShonld  the 
upper  river  he  opened  to  navigation,  at  least  10,000  bales  of  cotton,  benides  consider- 
able siij^ar,  com,  and  all  varieties  of  country  produce,  together  with  lumber  and  wood, 
would  find  their  way  by  this  route  to  a  market.  At  present  all  produce  has  to  be 
hiinlecl  overland,  either  to  the  Mississippi  River  or  Jackson  Railroad. 

Staves,  shingles,  lumber,  and  wood  are  the  principal  i>roducts  of  the  lower  river, 
and  a  coDsiderable  quantity  of  sugar  and  molasses  comes  from  Bayou  Manchac.  The 
retarn  trade  would  be  large,  as  all  pei-sons  residing  on  the  river  would  obtain  their 
supplies  by  this  route.  The  present  value  of  the  commerce  of  that  portion  of  the  river 
oavigateil  is  about  :^250,000  per  annum. 

The  Amite  River  is  the  natural  drain  of  all  the  country  lying  between  it  and  the 
MioJnippi  River,  and  its  heaclwaters  extend  far  up  into  the  State  of  Mississippi. 
The  bed  of  the  stream  is  not  sufficient  during  heavy  rains  to  carry  off  the  drainage  of 
this  immense  area,  and,  in  consequence,  it  overflows  its  entire  valley,  sometimes  rising 
l.'ito  I*?  feet  in  24  hours,  this  being  its  range  between  high  and  low  water  at  Williams's 
Bridge. 

Your  assistant  was  informed  that  in  years  past  the  subject  of  improving  this  river 
hid  been  agitated,  and  that  the  State  government  had  appropriated  |»75,0(»0  for  that 
purpose.  With  this  appro])riation  the  river  was  cleared  of  obstructions  as  far  up  as 
Dennis's  Mill,  22  miles  below  the  initial  point  of  the  present  survey. 

All  the  inhabitants  take  a  deep  interest  in  the  proposed  improvement,  and  your  as- 
sistaut  and  his  party  were  treated  with  the  utmost  liospitality,  and  every  assistance 
mjnirwl  cheerfully  atfoitled. 
Verj'  resjMictfully, 

II.  S.  Doug  LAS, 
Jsftifftant  Engineer. 

Maj.  C.  W.  HowKLL, 

Corpn  of  Kngineertty  V.  .S.  A. 


examination  for  a  canal  to  connect  the  waters  of  bayou 
teche,  at  charenton,  with  grand  lake,  louisiana. 

United  States  Engineer  Office, 

New  Orleans  J  February  27,  1880. 

General  :  I  have  the  honor  to  submit  herewith  the  report  of  Assist- 
ant Engineer  II.  C.  Collins  of  an  examination  for  a  canal  to  connect  the 
waters  of  Bayou  Teche,  at  Charenton,  with  Grand  Lake,  Louisiana,  pro- 
vided for  by  joint  resolution  ai3proved  June  28,  1879. 

A  plot  showing  the  location  of  the  proposed  canal,  and  profiles,  drawn 
to  a  scale  of  jtsVo?  will  be  forwarded  in  a  separate  package. 

Recommendations  of  Mr.  Collins  as  1o  plan  of  improvemeht  are  con- 
carrwl  in.  These  will  be  found  in  his  report,  appended  hereto.  His 
estimates  are  also  approved,  and  can  be  expended  to  advantage  on  the 
work  during  the  ensuing  fiscal  year,  viz,  $73,196.40. 

The  work  will  constitute  a  permanent  improvement,  in  the  ordinary 
aooeptanco  of  the  word  i>ermanent.  The  work  is  of  very  considerable 
imiK)rtance,  as  set  forth  in  Mr.  Collins's  report. 

The  work  is  situated  in  the  collection  diHtrict  of  New  Orleans.     The  nearest  liglit- 
bonse  is  at  the  mouth  of  the  Atchafalaya  River. 

Very  respectfully,  your  obedient  servant, 

C.  W.  Howell, 
Major  of  Engineers. 

]5rig.  Gen.  H.  G.  Wright, 

Chief  of  Eiighieers^  U.  S,  A . 
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REPORT  OF  MR.    H.   C.    COLLINS,    ASSISTANT  ENGINEER. 

New  Orleans,  La.,  January  31,  1880. 

Major:  I  have  the  honor  to  submit  the  following  report  of  the  examination  for  a 
canal  at  Charentou,  to  connect  the  waters  of  Bayou  Teche  at  Cbarenton  with  Grand 
Lake,  LouiHiaua. 

I  arrived  at  Charentx)n  on*  the  22d  of  November,  and  found  Mr.  Edward  Si  lion,  E. 
Maynai*d,  and  Alfred  Fusilier,  the  parish  surveyor,  who  gave  me  all  neces-sary  infor- 
mation about  land  lines  and  high  and  low  watermarks,  and,  with  other  citizens,  gave 
all  the  aHsistance  n  jeded  in  measuring  distances  and  running  the  level  lines.  All  were 
very  much  interested  in  the  propose*!  improvement. 

The  actual  distance  from  water  edge  in  the  lake  to  Bayou  Teche  iso,.')94  feet  at  low- 
water,  but  for  the  canal  5  feet  in  depth  at  low-water  1,000  feet  from  shore  line  in  the 
lake  to  the  channel  must  be  added  to  this  distance.  The  land  crossed  is  an  old  sugar 
plantation.  All  was  once  in  cultivation,  but  is  now,  except  a  small  field,  abandoned 
to  common  pasture.     It  is  entirely  free  from  trees  or  stumps. 

There  is  no  swamp,  and,  thong^h  no  borings  were  nnule,  the  universal  exiM?rience 
along  this  portion  of  the  Teche  in  digging  wells  for  stock  Avater,  &c.,  would  show 
that  there  is  no  quicksand  to  interfere  with  the  excavation  of  the  canal. 

At  the  time  of  the  survey  the  wind  ha<l  blown  for  several  days  from  the  northwest, 
and  the  water  was  at  the  extreme  low  stage  only  reached  at  low  river  after  northers- 

In  the  Teche  the  water  was  1.593  feet  below  a  mean  low-wat«r  mark  established  by 
Mr.  Fusilier  from  the  experience  of  many  years  on  the  bayou.  In  Grand  Lake  it  wa-** 
2  feet  below  the  black  low-water  line  on  piles  and  cypress  trees  in  and  near  the  water- 

The  depth  in  the  lake,  when  the  channel  was  reached,  1,000  feet  fix)m  shore,  was  4 
feet,  and  soundings  were  ma<le  three-fourths  of  a  mile  further  with  no  change  of  depth, 
.and  I  was  told  that  the  depth  was  uniform  entirely  across  the  lake  to  Bayou  Pigeon, 
but  that  it  was  deeper  northward  to  the  channels  leading  into  the  lake  from  the  Upper 
Atchafalaya. 

The  bottom  was  blue  mud,  quite  stiff*,  with  many  shells  of  gnathodon  clam,  both 
alive  and  dead  ;  and  the  shore  just  eastward  from  the  proposed  mouth  in  the  lake  is  a 
ridge,  15  feet  high  in  places,  of  the  same  shells. 

The  plantation  is  known  as  the  Mossy  Tract  and  belongs  to  the  Citizens*  Bank  of 
New  Orleans.  Mr.  Sillon  had  communicated  with  its  ofhcers  and  h«a<l  found  them 
willing  to  grant  the  right  of  way  free ;  which  they  could  well  afford  to  do,  as  it  would 
give  them  a  permanent  levee  on  the  upper  line  of  the  plantation. 

The  height  of  water  in  the  Teche  was  0.097  foot  above  that  of  the  lake  Nc»vembcr 
23,  and  at  low-water  there  is  seldom  any  material  difference  in  the  water  levels. 

The  flood  of  1874  was  the  highest  known  in  Grand  Lake,  and  its  height  was  12.776 
feet  above  extreme  low-water,  reaching  to  within  500  feet  of  the  water  of  the  Teche, 
and  the  narrow  ridge  between  them  wa«  here  but  1.38iJ  feet  high.  The  wat«r  of  the 
Teche  at  the  same  time  was  2.889  feet  below  that  of  the  lake,  and,  though  the  highest 
known  in  the  Teche,  was  but  9.790  feet  above  extreme  low-water.  The  low-water 
supply  of  the  Teche  is  mainly  by  Bayou  Fusilier  and  entirely  from  rains  of  the  region 
to  westward  of  the  Teche.  The  waters  of  the  Teche  Join  those  of  Grand  Lake  at  the 
junction  of  the  Teche  and  Atchafalaya,  but  it  is  about  80  miles  around  by  water  from 
Charentou  to  the  lake  end  of  the  proposed  canal. 

Dii-ectly  across  Grand  Lake,  about  9  miles,  is  the  mouth  of  Bayou  Pigeon,  which 
forms  a  direct  na\ngable  connection  with  Grand  River  and  through  it  with  l*laquemines 
Bayou,  and,  if  a  lock  should  be  made  in  this  bayou  so  as  t-o  form  a  connection  once 
more  with  the  Mississippi  River,  this  would  be  by  far  the  nearest  route  for  water  com- 
munication between  the  Teche  country  and  New  Orleans.  Before  that  time  it  w^ould 
save  about  75  miles  over  the  present  route  and  connect  with  it  at  Butte-a-La-Roee  or 
below,  avoiding  tlje  worst  portion  of  the  present  channel,  and  having  a  low-water 
depth  1^  feet  greater.  There  is  a  network  of  bayous  between  the  Teche  and  the  Mis- 
sissippi River,  all  connecting  with  the  Atchafalaya.  Many  of  these  bayous  are  now 
closed  to  navigation  by  blocks  of  raft.  The  navigable  channels  and  those  capable  of 
being  ma<le  so  could  only  be  known  on  a  full  careful  survey  of  the  entire  At^hafalaye 
and  its  connecting  bayous,  which  has  never  yet  been  made. 

For  this  canal  a  cut  50  feet  wide  at  the  bottom  will  be  sufficient  for  commerce,  and 
banks  with  a  slope  of  1  to  1  will  probably  stand  in  that  kind  of  soil. 

A  basin  "600  feet  long  and  100  t\?et  wide  is  proi)osed  about  the  middle  of  this  canal  to 
give  room  for  passing  of  boats  and  a  place  for  them  to  lay  up  in  case  of  necessity.  The 
navigable  depth  of  the  route  will  be  at  mean  low  tide  ot  ordinary  low  watfT  5  to  (J 
feet.  As  the  cut  requires  to  be  carried  out  1,000  feet  into  the  lake,  a  breakwater  may 
possibly  be  found  necessary  on  the  east  side,  which  is  the  only  one  exposed  to  danger 
from  storms. 

This  proposed  canal  is  peculiar  in  one  respect.  At  times  of  sudden  rise  in  the  Missis- 
sippi or  break  of  its  levees,  Grand  Lake  in  some  extreme  citso  may  rise  nearlv  5  feet 
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higher  than  the  water  of  the  Teche.  This  extreme  dift'ereiice  wonhl  hust  for  but  a  few 
(lay;*,  but  a  ditfereiice  of  nearly  2  feet  woiihl  be  a  common  ease  in  time  of  high-water 
in  Mississippi  River.  At  low-water  seasons  a  difterence  of  2  or  3  feet  is  at  times  found. 
Tbisiniikes  a  lock  necessarj-  in  the  canal,  aud  one  with  double  gates,  so  that  it  can  be 
Ds«l  in  either  direction. 

The  amount  of  water  for  lockage  would,  in  the  nattire  of  the  case,  be  unlimited,  so 
that  two  abutments,  with  the  ^ates  at  a  distance  of  500  feet  or  more  apart,  would  make 
a  lock,  the  sides  of  which  would  need  no  other  wall  than  the  earth  bank  of  the  canal. 
The  abutments  carrying  the  gates  would  need  to  be  hmg  enough  for  the  double  pair 
of  gates.  The  width  of  the  clear  passage  should  be  45  feet,  aud  the  gates  would  re- 
main open  at  all  times  when  the  ditlerence  of  level  was  so  little  as  not  to  cause  a 
wearing  current.  The  excavated  earth  would  form  embankments  far  above  all  over- 
lioir.   Estinmte  for  the  work  would  be  : 

1^968  cubic  yards  excavated,  at  25  cents .$45,997  00 

Gates  and  abutments,  api>roximate 15, 000  00 

Add  for  contingencies  20  i>er  cent 12, 199  40 

Total 73,196  40 

The  commerce  to  be  benefited  by  the  proposed  canal  is  now  annually  15,000  cypress 
tree**,  which  have  to  be  towed  80  miles  farther  than  necessary,  and  ;i5  of  which  is  over 
an  oj>en  lake  where  raflts  are  frequently  broken  up  and  lost,  at  an  extra  expense  of  not 
]e>dthau  $1  each.     Five  hundred  thousand  barrels  of  coal  now  used,  at  an  extra  ex- 
pense of  not  less  than  5  cents  per  barrel  for  towage  and  risk,  probably  much  more  than 
that.    Tlie  entire  amount  of  all  the  lumln^r  now  used  on  the  I'pper  Teche,  all  of  which 
comes  from  the  Upper  Grand  Lake  countrj'  and  above,  and  all  of  the  fencing,  would 
ak>  be  saved  that  distance  of  towage,  as  it  also  comes  from  the  swamp  bayous  of 
the  Upiier  Atchafalaya  region,  passed  the  head  of  Grand  Lake.     The  amount  of  these 
is  not  Koo^^-n,  but  is  very  great.     Also,  all  the  sugar  and  cotton  raised  in  the  Teche 
conntry,  and  that  coming  down  it  from  farther  west,  would  have  a  route  shorter  by  75 
miles  than  at  present,  and  a  low- water  depth  1^  feet  greater  at  least. 

Commerce  would  be  greatly  increased  as  the  lands  of  the  bayou  and  those  of  the 
prairie  country  to  westward  were  brought  more  fully  into  cultivation. 

This  canal,  however,  forms  but  a  connecting  link  in  the  general  plan  for  improve- 
ment of  the  bayous  of  the  whole  delta  region.  Although  it  alone  would  be  of  great 
benefit  to  the  inhabitants  of  the  Teche  country,  its  value  would  be  greatly  increased 
if  the  work  on  the  Teche,  Atchafalaya,  and  its  connections  above  with  Red  River  aud 
Coortableau,  aud  the  shortened  route  into  the  Mississippi  by  way  of  the  Plaquemines 
Hayou  were  completed. 

Plot  and  profile  of  the  canal  are  made  on  scale  of  ^^^ou* 
Yours,  respectfully, 

H.  C.  Collins. 

Maj.  C.  W.  Howell, 

Corpn  of  JingineerSy  U.  S.  A, 


summary  of  preceding  reports  on  examinations  and  surveys 

of  water  courses  in  louisiana. 

United  States  Engineer  Office, 

New  Orleam^  February  27 j  1880. 

General  :  I  have  the  honor  to  submit  herewith  report  of  Assistant 
Engineer  11.  C.  Collins  on  the  various  surveys  and  examinations  recently 
made  in  Louisiana,  under  my  direction,  as  provided  for  in  the  river  and 
harbor  act  approved  March  3,  1879.  This  report  is  a  summary  of  the 
diflerent  reports  of  examinations  and  surveys,  and  a  condensation  of  the 
plans  and  estimates  submitted  with  a  view  to  the  genera^  improvement 
of  the  water  courses  surveyed. 

Very  respectfully,  your  obedient  servant, 

C.  W.  Howell, 
Major  of  EngincerH, 
Brig.  Gen.  H.  G.  Wright, 

Chief  of  Engineers^  U,  8.  A. 
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REPORT  OF  MR.    H.    C.   COLLIN'8,   ASSISTANT  ENGINEER.  i 

New  Orleans,  La.,  January  31,  I 

Major  :  Tbe  surveys  ou  wliicli  Messrs.  Douj^las,  Hoffman,  Elms,  and  niyse^ 
been  engaged  since  the  Ifist  annual  reiiortcan  be  divided  by  the  Mississippi  Rivii 
two  parts.  I 

The  portion  east  of  the  Mississippi  consists  of  examinations  of  the  Pearl  1 
Mande.ville  Harbor,  Tchefuncte  River,  Tangipahoa  River,  the  Tickfaw  and  its  bai 
Ponchatouhi,  Natalbany,  and  Blood,  and  tne  Amite  rivers. 

A  large  portion  of  the  work  required  on  these  streams  consists  of  removal  of  a 
logs,  and  trees  from  the  channel,  and  overhanging  trees  from  their  banks,  but  infi 
some  dredging  at  the  entrances  of  Tchefuncte  and  the  Bayou  Captain  at  Mandev| 

Fuller  data  are  necessary  than  could  possibly  be  obtained  for  Pearl  River  b 
finally  determining  on  the  exact  route  for  the  new  channel  to  follow.  The  dial 
to  be  examined  and  the  time  possible  to  spend  upon  it  were  so  disproportionate 
but  one  line  could  be  followed.  Should  an  appropriation  be  made  for  work  oi 
lower  portion  of  the  river,  a  few  weeks  will  be  required  for  it>s  further  exaiuiuai 
not  in  regard  to  the  possibility  of  improving  it  or  the  necessity  of  so  doing,  but 
the  details  necessary  for  decitling  on  the  route  to  be  followed. 

The  importance  and  feasibility  of  the  improvement  were  fully  shown  by  the  ei 
nation.  *  \ 

The  harbor  at  Mandeville  can  easily  bo  nuide,  and  such  a  harbor,  besides  acconi 
dating  the  trade  of  the  town,  would  frequently  prove  a  safe  harbor  of  refuge  for  a 
ping  during  the  gales. 

There  is  Tittle  work  to  be  recommended  for  the  Tchefuncte  River.  Some  remova 
snags  and  trees  yvill  be  useful  and  is  needed,  but  it  is  not  practicable  to  much  impf 
the  river  except  at  great  expense,  not  warranted  by  the  good  to  be  derived,  but 
improvement  of  the  bar  where  it  enters  Lake  Pontchartrain,  so  that  it  will  be  posa 
to  cross  at  any  time,  is  very  much  needed,  and  will  be  but  a  slight  expense  compai 
with  its  importance  as  a  harbor  of  refutje  for  the  shipping  ou  the  lake,  as  well  aa 
the  vessels  going  into  the  river  during  tlie  frequent  gales. 

The  examination  of  Tangipahoa  River,  whicn  was  made  last  winter  by  Mr.  Dong 
too  late  for  action  by  Congress  at  that  time,  showed  that  the  expense  of  carrying  na 
gation  nearly  60  miles  up  that  river  would  not  be  great,  and  that  it  would  give  a  git 
relief  to  farmers  in  transportation  of  their  produce  and  for  manufacturers  who  ha; 
begun  business  on  its  banks. 

The  improvement  of  Tickfaw  River  and  its  tributaries,  costing  but  little  in  al 
would  open  an  extensive  and  valuable  country  to  commerce,  and  very  much  improi 
the  facilities  for  that  at  present  existing. 

Mr.  Douglases  survey  of  and  report  on  the  Amite  River  shows  the  importance  of  thl 
stream  to  a  large  tract  whose  only  outlet  to  market  it  is,  and  the  great  help  whic 
extension  of  the  navigation  about  60  miles  above  its  present  head  would  be  to  the  ii 
habitants  near  it.  The  improvement  of  the  rivers  emptying  into  Lake  Maurepa 
would  lose  much  of  its  importance  unless  Pass  Manchac,  connecting  Lake  Maurepa 
with  Lake  Pontchartrain,  should  also  be  improved. 

Although  no  survey  oi  this  pass  was  made,  it  was  ascertained  from  parties  consi  i 
ered  reliable  that  the  depth  of  water  over  the  bar  at  the  entrance  of  the  pass  intc 
Lake  Pontchartrain  was  only  5  feet  at  ordinary  low-water,  and  during  northers  nearly 
a  foot  less.  Five  thousand  dollars  would  probably  increase  the  depth  to  the  advan* 
tage  of  commerce  through  the  pass. 

The  examinations  west  of  the  Mississippi  River  were  on  bayous  of  the  delta  of  that 
river,  where  the  present  commerce  is  immense  and  constantly  increasing. 

One  class  of  these  bayous  has  lost  the  connecticm  with  the  Mississippi  which  the 
other  class  yet  retains,  and  must  be  treated  in  a  dirt'erent  manner  from  those  receiv- 
ing their  supply  from  the  Mississippi. 

Bayou  Terrebonne  is  the  only  one  examined  belonging  to  this  class.  The  entire 
class  are  now  merely  tide-bayous,  and  at  their  sea-ends  the  shoal  bays  are  encroach- 
ing on  the  sea-marsh  banks  and  tending  to  level  down  the  little  irregularities,  not 
probably  taking  the  10-foot  curve  of  the  Gulf  at  all  shoreward,  but  on  the  contrary 
advancing  it,  while  washing  away  the  narrow  strips  of  sea-marsh  near  the  outer  eudLs 
of  the  bayous,  which  were  always  covered  at  hi^h  tides. 

So  long  as  the  connection  with  the  Mississippi  remains  open,  as  is  the  case  with  La 
Fourche,  the  bayou  will  retain  it«  side  walls  of  sea-marsh  and  gradually  push  them 
seaward,  while  waves  of  the  Gulf  pile  up  a  portion  of  the  material  carried  out  as  a 
chain  of  coast  islands. 

Between  the  nuuiths  of  La  Fourche  and  Atchafalaya  the  whole  delta  front  now  ap- 
pears to  be  undergoing  this  rounding-ott'  and  leveling  process.  There  arc  many 
bayous  included,  all  of  which  have  lost  their  connection  with  their  former  source  of 
supply  in  the  Mississippi.  Tcrnibonne  and  Timbalier  bays  have  become  practically 
but  one  bay  by  the  disappearance  of  the  narrow  tongue  of  sea-marsh  which  divided 
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tbm  in  1860,  which  was  made  and  sustained  only  by  additions  received  from  the 
Misiwippi  tlirough  Bayon  Teirehonne. 

So  far  as  Bayon  Terrebonne  and  similar  bayous  are  concerned,  no  help  can  be  jjiven 
them  which  will  materially  improve  them,  except  some  tiderwater  canal  which  should 
connect  the  whole  region  from  the  Mississippi  west,  dredging  through  the  sea-marsh 
following  the  course  of  available  bayou,  bay,  and  lake  channels  to  save  dredging, 
opening  m  this  way  the  entire  seaboard  to  internal  navigation  to  the  Texas  State  line 
at  least.    The  subject  was  noticed  in  the  report  on  the  inland  water  route  in  1874. 

Parts  of  this  work  are  now  being  done  by  private  enterprise  on  different  charters 
from  the  State.  There  are  several  such  canals  that  have  been  abandoned,  and  those 
that  are  kept  open  cOvSt  about  as  much  for  repairs  as  the  receijjts  from  tolls  amount  to. 
The  remainder  of  the  bayous  examined  are  those  which  connect  with  the  Atchafa- 
laya.  The  first  of  these  is  Bayou  De  Glaise,  which  enters  the  Atchafalaya  at  Simms- 
port,  a  few  miles  below  it«  head.  It  is  only  for  a  few  months  of  the  year  that  there 
uany  natural  supply  of  water  for  open  navigation  of  this  bayou,  and  that  comes  from 
]2ed  fiiveror  back-water  from  the  Mississippi.  Lake  Pearl  is  its  head.  The  lake  and 
ite  adjoining  low  cypress  swamps  will,  as  a  reservoir,  hold  a  supply  sufficient  to  last 
thfoagh  any  but  protracted  droughts  for  lockage  of  the  low-wat^r  season. 

Level-lines  were  not  run  on  any  of  these  examinations,  but  sutticicnt  data  were  ob- 
tained from  high-water  marks  and  height  reached  by  any  given  back-water  to  ehow 
\j      that  it  will  take  but  three  locks,  each  of  which  would  reciuire  a  lift  of  7  to  8  feet,  to 
ojien  this  rich  and  productive  country  to  commerce  througnout  the  year. 

The  plan  for  needle-dams,  with  permanent  su)>ports  for  the  needles  and  abutments 
for  the  gates  about  *200  feet  apart,  using  the  walls  of  the  bayou  as  lock-walls,  is  appli- 
cable to  this  bayon.  The  plan  is  a  mo<lification  of  that  so  extensively  in  use  in  France, 
and  is  so  changed  as  to  fit  the  peculiar  circumstances  of  these  bayous.  At  high- water 
iMfdIes  would  be  removed  and  gates  opened,  giving  free  passage  25  feet  wide. 

Evergreen  village  is  7  miles  from  what  would  be  the  head  of  permanent  navigation 

with  these  improvements ;  it  is  situated  on  **  The  Bay  Hills."    Valleys  are  cut  through 

thU  high  land,  the  one  betw^een  Avoyelles  Prairie  and  Bay  Hills  being  occupied  by 

the  De  Glaise  and  Bayon  Rouge,  a  connecting  bayou,  which,  during  very  high  water 

takej»  8ome  of  the  water  from  Bayou  De  Glaise,  2  miles  below  Lake  Pearl.     Bayou 

Roage  is  joined  by  Bayou  Huffpower  from  the  Btrnf,  and,  running  to  the  southeast, 

rt^ehes  the  Atchafalaya  at  Churchville,  where  it  has  a  dam  to  retain  its  water  for 

navigation,  which  would  otherwise  be  like  that  of  the  De  Glaise.    A  small  steamer 

brings  out  freight,  and  it  is  transferred  across  the  levee  at  Churchville  to  larger 

steamer  in  the  Atchafalaya.     The  B(ruf  runs  in  great  sweeping  bends,  such  as  must 

have  been  made  by  some  much  larger  stream  than  it  now  is.     It  passes  between  the 

Bay  Hills  and  the  blnfls  of  Rapides  and  Saint  Landr>'  parishes,  which  it  touches 

only  near  the  town  of  Washington  for  a  few  miles,  but  the  drainage  of  which  now  fur- 

niisbes  the  entire  supply  of  water  for  its  navigation,  as  the  former  connection  with 

Ked  River  has  been  cut  oft'  by  dams  on  Bayou  Robert  and  Bayou  Rapides.    The  Red 

River  deposit  is  found  throughout  the  whole  series  of  Bayous  Teche,  Bojuf,  Vermill- 

ioD,  and  Atchafalaya;  beneath  it  is  this  blue  clay,  wherever  banks  are  so  washed  as 

to  disclose  their  ancient  courses. 

The  Bceuf  is  now  like  a  canal  in  its  cross-section,  and  needs  but  locks  to  make  it  one 
in  fact.  Above  Washin^on  the  width  of  gat«s  need  not  exceed  25  feet  and  the  length 
of  locks  200  feet,  which  is  sufficient  for  its  commerce  and  that  of  the  De  Glaise,  but 
below  Washington  the  width  should  be  45  feet  and  the  length  300  feet  as  well  as  on 
the  Teche. 

The  reports  on  the  Bfeuf,  Courtableau,  and  Teche,  contain  the  results  of  their  ex- 
aminations, but  there  is  need  of  a  thorough  survey  of  the  Atchafalava  and  its  many 
connecting  branches,  known  under  many  names,  including  Grand  Lake  and  the  whole 
•eriea  of  channels  from  Red  River  down  to  Atchafalaya  Bay.  Small  portions  of  these 
have  been  at  times  surveyed,  but  there  is  no  connected  ]u;curate  chart  of  the  whole 
possible  from  existing  data. 

The  connection  of  the  whole  series  with  the  Mississippi  will  probably  be  by  means 
of  a  lock  in  Bayou  Plaquemine,  and  by  this  route  wiU  the  commerce  of  the  Red  River 
and  its  tributaries,  as  well  as  the  western  delta  bayous,  reach  New  Orleans,  which 
it  the  natnral  center  of  the  whole  delta  country. 

Major  Benyaurd  has  made  a  survey,  plans,  and  estimates  for  the  improvement  of 
this  ronte  in  connection  with  the  Red  River ;  for  this  bayou  navigation  it  is  fully  as 
important  as  for  Red  River. 

Kowhere  else  in  the  Unite<l  States  are  the  conditions  similar  to  those  of  this  Missis- 
sippi region.  In  other  places  ridges  form  the  divides  between  streams  and  water 
roDs  to  the  streams. 

The  area  of  tillable  land  includes  in  most  cases  all  the  land  between  where  it  is  not 
moan  tain  ons,  except  those  bottom-lands  on  the  immediate  banks  of  streams  subject  to 
so  great  an  overflow  as  to  endanger  cultivation,  while  here  in  the  delta  all  the  tillable 
land  is  on  the  immediate  banks  of  pro8cut  or  eAfinct  streams,  and  the  elope  is  \)ack 
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towards  swamps  which  receive  the  drainage  and  the  overflow  of  the  bayous,  and  whiel 
are  covered  with  cypress  forests  on  the  older  swamps,  or  with  sca-niarsh  below  nea 
the  Gulf.    These  banks  are  the  only  ridges. 

From  the  dependence  of  these  bayous  on  the  Mississippi,  or  Red  River,  for  their  suppli 
of  water  above  the  level  above  which  tide-water  rises,  many  of  them  have  so  littl* 
w^ater  that  thej'  are  useless  for  purposes  of  navigation  during  all  the  low- water  season 
during  which,  in  the  sugar  and  rice  districts,  including  all  below  Red  River,  tb 
greatest  depth  is  required  for  transportation  of  the  products. 

Railroads  cannot  supply  the  want  of  transportation  in  this  region,  as  wagon-freight 
ing  is  difficult  from  softness  of  the  roa<ls.  Sugar  houses  and  other  buildings  are.  w-nei 
possible,  built  on  the  banks  of  bayous  in  order  the  more  easily  to  roll  freight  to  an< 
from  boats. 

The  plan  recommended  of  making  slackwater  navigation  for  all  these  bayous,  h] 
making  such  locks  as  are  needed  to  accomplish  this  object,  and  so  making  tlie  lock 
that  during  high-water  the  gates  can  be  opened,  and  needles  of  the  dams  removed 
so  that  the  current  shall  have  free  passage  and  sweep  out  the  sediment  deposited  a 
low-water  seasons,  will  cost — 

For  Bayou  De  Glaise,  about S50, 00 

For  BttMif  and  Courtableau,  about 110,00 

ForTeche,  about (iO,00 

For  Charenton  Canal,  about 70,00 

Total 290,00 

The  benefits  to  be  derived  from  making  the  improvements  recommended  in  this  re 
port  cannot  be  even  approximately  estimated.  The  plantations  along  all  the  bayou 
would  have  good  water  communication  throughout  the  year. 

The  bayous  to  which  it  is  proposed  to  apply  this  system  of  slackwater  navigatioi 
are,  in  fact,  but  natural  canal  channels,  wanting  but  the  locks  to  make  them  useful 
Here,  of  all  the  streams  on  this  continent,  is  the  plaee  to  apply  this  system  of  impn»ve 
mentson  a  large  scale,  where  the  good  to  be  derived  from  it  will  be  greatest  while  it 
first  coat  is  lowest. 

Yours,  respectfully, 

H.   C.   COLLIXS, 

AssiHiani  Engineer, 
Maj.  C.  \V.  Howell, 

Corps  of  Engineer 8y  V.  S.  A. 


ias 
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IWRRO^'EMENT  OF  RIVERS  AND  HARBORS   IN  THE  STATE  OF  TEXAS. 


eeport  of  major  s.  m,  maxsfieldy  corps  of  fjxdlxeers,  bvt.  lieul. 
col,  u.  s.  j.,  officer  ix  charge,  for  the  fiscal  year  exdixg 
jr.v£' 30,  1880,  with  other  documexts  relatixg  to  the  works. 

United  States  Engineer  Office, 

Oalveaton^  Tex.,  July  17, 1880. 

ClENEKAL :  I  have  the  honor  tx)  forward  herewith  my  annual  reports 
relating  to  the  works  of  river  and  harbor  improvements  under  my  charge 
for  the  year  ending  June  30,  1880. 

Very  respectfully,  your  obedient  servant, 

S.  M.  Mansfield, 

Major  of  Engineers^ 
Brevet  Lieutenant' Colonel^  U.  S.  A. 

Brig.  Gen.  H.  G.  Wright, 

Chief  of  Engineers^  U.  S.  A. 


N  I. 

improvement  of  SABINE  RIVER,  TEXAS. 

Kejwrt  and  estimates  (survey  of  mouth  of  river)  for  improvement  were 
made  April  28,  1871. 

Report  of  survey  of  "the  bar  at  the  mouth  of  Sabine  Eiver,  in  Sabine 
Lake,  and  to  extend  up  the  main  channel  of  said  river  to  Belzoria,  Tex.," 
together  with  estimates  for  improvement,  was  rendered  in  1873. 

The  appropriation  of  1878,  $10,000,  to  be  applied  to  dredging  a  chan- 
nel 5  feet  deep  across  the  bar  at  the  mouth  of  the  river  to  a  depth  of  5 
feet  in  Sabine  Lake  at  mean  low-tide,  with  a  minimum  width  of  100  feet 
or  more,  or  so  much  thereof  as  the  appropriation  will  permit. 

The  appropriation  of  1879,  $6,000,  "for  improving  narrows  of  Sabine 
River  above  Orange,  Tex.,  and  to  deepen  the  channel  at  the  mouth  of 
the  Sabine  River,''  is  to  be  applied  to  improving  "The  Narrows." 

PROGRESS  MADE  DURING  YEAR  ENDING  JUNE  30,  1880. 

Dredging  (under  the  contract  of  June  10, 1879,  with  Mr.  Seth  N.  Kim- 
ball) began  August  15. 

It  having  been  found  impossible  to  load  scows  hy  reason  of  shoal  water, 
one  cut  was  made  through  the  bar  and  the  material  thrown  on  the  uortU 

\\0^ 
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bank.    This  cut  (about  4,000  feet  in  length)  was  completed  in  O^ 
and  a  depth  of  5  feet  mean  low-water  obtained  for  almost  the 
length  of  the  cut.    The  widening  and  deepening  of  the  channel 
the  bar  was  continued  during  October,  November,  December,  1871 
January,  1880,  all  material  excavated  being  removed  in  scows  t4 
able  dumping  grounds.    From  August  15, 1879,  to  January  31, 18^ 
amount  of  material  dredged  amounted  to  40,320.2  cubic  yards.        j 
February  1, 1880,  the  contractor  was  permitted  to  remove  his  dit 
boat  to  the  Neches  Bar,  with  the  understanding  that  the  dredgO 
should  return  to  the  Sabine  Bar  and  work  out  the  balance  of  the  aj 
priation.    In  June  the  contractor  returned,  and,  by  dredging  and  re 
ing  lumps  left  in  the  channel,  completed  the  terms  of  his  contra^ 
June  22,  ha\ing  removed  2,247.2  cubic  yards.    This  additional  drecl 
left  a  completed  channel  the  entire  length  across  the  bar  6  feet 
deeper  at  mean  low-tide,  and  from  70  to  100  feet  in  width. 


PROBABLE  OPERATIONS  OF  THE  YEAR  ENDING  JUNE  30,   188X 

March  20, 1880,  a  report  was  submitted  with  tracings  of  map  covei 
the  resurvey  of  "The  Narrows,"  made  under  l;he  provision  of  secticl 
of  the  act  of  Congress  approved  March  3,  1879,  making  appropriate 
for  the  construction,  repair,  preservation,  and  completion  of  cert 
works  of  rivers  and  harbors  and  for  other  purposes,  and  it  was  ti 
determined,  with  the  appropriation  of  $6,000  made  in  same  act,  to 
prove  that  portion  of  the  river  above  Orange  known  as  "The  Narro^i 

by- 

1.  Making  a  cut  off  from  the  mjiin  river  into  "The  Narrows^; 

2.  Constructing  a  dam  across  "Old  Eiver''  to  increase  the  volume 
water  flowing  through  "The  Narrows'' ;  and 

3.  Eemoving  all  sunken  logs  and  snags  from  the  upper  5  miles  of  "  T. 
Narrows." 

An  advertisement  bearing  date  May  25, 1880,  invited  proposals  i 
the  improvement  above  mentioned. 

The  following  is  an  abstract  of  bids  received  in  response  to  the  adve 
tisement: 


i5  : 


Bidders'  uanies  and  n'Ridences. 


1  William  Mulvey,  OranRo  P.  0.,  Oranpe  County,  Texas 

2  F.  A.  Hyatt,  Oi*auge,  Oi-ange  County,  Texas 


If 


it 

< 


.  Per  mile.  \ 

$3,400  $500  ! 

3,705  400  I 


$5,551 
6,*J0C 


The  proposal  made  by  William  Mulvey  was  informal,  no  sureties,  and 
otherwise  defective  in  all  essential  particulars;  and  that  of  F.  A.  Hyatt, 
though  formal,  was,  in  the  aggregate,  beyond  the  limit  of  available  funds. 

Both  bids  were  recommended  to  be  rejected  5  and  for  the  expenditure 
of  the  money  to  advantage,  it  was  recommended,  June  28,  to  readvertise 
for  bids  covering  the  work  contemplated  by  the  cut-off  smd  the  removal 
of  logs  and  snags;  deferring  for  a  while  the  construction  of  the  dam. 

Appropriated  by  act  of  June  14, 1880,  $5,000. 

Recently,  attention  has  been  called  to  the  fact  that  the  dredged  chan- 
nel through  the  bar  at  the  mouth  of  the  river  requires  to  be  staked  out ; 


APPENDIX   N.  1195 

complaiut  being  made  that  the  channel  is  diflieult  to  navigate,  owing 
to  the  accumulation  of  dredged  material  upon  the  north  bank. 

If  requisite  authority  (just  asked  for)  be  given,  a  number  of  cypress 
pile«,  400  to  500  feet  apart,  will  be  driven  with  the  direction  of  the  bank 
and  marking  the  channel,  so  as  to  satisfy  all  demands  of  commerce  there, 
at  a  cost  of  $250. 

It  is  exjiected  that  after  completing  the  work  of  making  cut-oflf  and 
removing  obstructions  to  navigation,  as  well  as  marking  out  the  dredged 
channel  at  t!ie  mouth  of  the  river,  there  will  remain  a  balance  wMch 
may  be  sufficient  to  construct  the  dam  across  Old  Kiver,  if  considered 
necessary,  or  which  may  be  applied  to  dredging  channel  across  bar  at 
the  mouth  of  the  Sabine  Kiver,  as  may  be  better  determined  hereafter. 

ORKHNAL  ESTIMATED. 

Work  at  mouth  (ReiKirt  1871) $38,000 

Keuioviug  Hiiags^  &c.  (Report  1873) 18,000 

Total 56,000 

Appropriated  (1878  to  1880) 21,000 

rnappropiiated  balance 35,000 

This  balance  can  be  profitably  expended  in  continuing  improvements 
in  accordance  with  plans  heretofore  recommended ;  the  work,  especially 
the  cut  through  the  bar,  is  not  considered  permanent;  estimates  for 
maintaining  the  navigability  of  the  river  are  merely  based  upon  con- 
jecture, and  are  liable  to  modification  from  year  to  year. 

Fall  report  of  resurvey  recently  made  in  accordance  with  act  of  Con- 
gress approved  March  3, 1879,  "  liesurvey  of  Sabine  River  from  its 
mouth  to  East  Hamilton,''  accompanies  this  report. 

The  work  is  located  in  the  collection  district  of  Galveston.     The  nearest  liglit-bousc 
is  at  Sabine  Pass. 

Money  statement. 

JnlT  1,  1879,  amount  available $15,546  81 

Anioant  appropriated  by  act  approved  June  14,  1880 5, 000  00 

820^  546  81 

Jnly  1,  1880,  amonut  expended  during  fiscal  year 8, 701  57 

July  1,  l!!^,  oQtetanding  liabilities .* 827  37 

9,528  94 

Jaly  1,  18^),  amount  available 11,017  87 

AiDonnt  (estimated)  re<|uired  for  completion  of  existing  project 21,000  00 

Amoaut  that  can  be  profitably  expended  in  fiscal  year  ending  June  iW,  1882.     21, 000  00 


BESVRVEV    OF    SABINE    UIVER,   TEXAS,  FROM    ITS    MOUTH    TO    EAST 

HAMILTON. 

RKI'OKT  OF   MK.   J.    8.    POLHEMUS,  ASSISTANT  EXGINEEK. 

Bolivar  Point,  Tex.,  May  20,  1880. 

Captain  :  I  have  the  honor  to  submit  the  following  report  of  the  survey  and  exam- 
ination of  the  Sabine  River,  from  East  Hamilton  to  its  mouth,  made  under  your  di- 
rection from  September  29  to  December  8,  1879. 

THE  SURVEY. 

Owing  to  the  small  appropriation  ($1,800)  for  nearly  260  miles  of  river,  the  survey 
cunld  be  little  more  than  a  careful  reconnaissance. 

A  compass  line  was  run  with  a  Gurley  transit  and  the  distances  measured  with  a 
ftaiUa,  the  adjustment  of  the  hairs  being  frequently  tested  on  a  base  measured  with 
a  steel  tape. 
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Tlie  line  was  plotted  iu  the  field  on  the  right-hand  page  of  the  note-book,  and  the 
toi)ography  on  either  Hide  sketched  in.  Sonndings  were  taken  at  Iea>*t  ever}'  50U  feet, 
and  at  every  mile  or  two  a  cross-section  was  sounded. 

The  survey  terminated  iu  the  cut  just  dredged  across  the  bar  at  the  mouth  of  the 
river,  in  Sabine  Lake. 

The  length  of  line  measured  was  256  miles,  and  the  sights  averaged  about  five  to 
the  mile.     In  that  xmrt  of  the  river  called  **  The  Narrows,'*  extra  care  was  taken. 

The  field  work  closed  December  6,  and  the  party  arrived  in  Galveston  December  "^j 
being  away  seventy  days,  of  which  nineteen  days  were  consumed  in  traveling. 

The  stage  of  the  river  was  particularly  favorable  for  a  survey  made  with  a  view  to 
improving  the  navigation,  being  the  lowest  known  in  several  years;  so  that  all  ob- 
structions, such  as  sand-bars,  rocky  and  gravelly  shoals,  snags,  fallen  trees,  sunken 
logs,  «fec.,  wei"e  visible  and  could  be  noted. 

At  no  time  during  the  survey  w.is  the  water  more  than  H  feet  above  extreme  low. 

A  map  of  the  river  from  ^ast  Hamilton  to  Sabine  Lake  ha»s  been  made  on  eleven 
heets,  on  a  scale  of  37$^' 

It  was  not  commenced  until  Febnmry  2,  1880,  as  immediately  after  fininhing  the 
field  work  of  the  Sabine  I  received  ordei-s  to  make  a  similar  survey  of  the  Neches  River. 

GENERAL  CHARACTER  OF  THE  RIVER. 

From  East  Hamilton  the  Sabine  River  flows  in  a  general  southerly  direction  for  247 
miles,  forming  the  boundary  between  the  States  of  Louisiana  and  Texas.  Its  course, 
for  the  most  i)art,  is  very  tortuous  and  lies  through  rich  bottom  lands,  from  2  to  5  milen 
in  width,  which  are  subject  to  overflow  in  high-wat<;r,  and  are  covered  with  a  luxuri- 
ant growth  of  hard-wood  timber,  such  as  oak,  ash,  hickory,  black  and  sweet  gum,  &c. 

These  bottom  lands  are  not  cultivate<l  and  are  bounded  on  each  side  by  the  higli 
rolling  land  covered  with  pine  forests.  The  lowest  plpces  usually  have  a  gi'owth  of  cy- 
press or  tubular  gum. 

The  Sabine  River  from  East  Hamilton  down  has  no  large  streams  as  tributaries,  anc 
the  water-shed  is  very  narrow  ;  hence  the  jieriods  of  high-water  dei>end  almost  en- 
tirely on  the  rains  of  upper  prairie  countries  and  are  very  invgular  in  their  times  and 
duration. 

At  East  Hamilton  the  banks  are  about  23  feet  high  above  the  low-water,  and  the  ex 
treme  range  of  y ater  is  25  feet. 

The  water-way  at  this  place  at  low-water  is  120  feet  wide,  and  averages  only  aboutj 
100  feet  for  the  next  50  miles  below.     It  widens  to  150  feet  at  Belgrade. 

The  upper  135  miles  of  river  by  this  survey,  or  to  what  is  called  the  **  Raft,"  may  be 
considered  as  a  series  of  pooU  at  low-water,  held  up  by  rocky  ledges  of  saud^ttoue, 
and  gravellv  shoals  of  ferruginous  conglomerate  or  sand  bars. 

In  several  places  the  rocky  strata  cross  the  river,  forming  shoals  and  rapids  that 
render  navigation  impossible  at  low-water.  The  most  not-ed  of  the^e  iWky  shoals 
occur  just  below  Sabinetown,  and  at  Goodwin's  Ferry,  where  a  fall  of  1^^  i'eet  was 
observed  iu  a  distance  of  100  feet. 

The  river  is  very  tortuous  iu  its  course,  aud  at  low-water  varies  constantly  iri  its 
depth  from  10  feet  and  over  to  only  a  few  inches. 

The  concave  banks  are  clay  and  usually  steep  aud  caving.  Wlien  the  water  is  high, 
or  at  half  banks,  it  undermines  the  trees  growing  at  the  edge,  which  fall  aud  often  lie 
across  the  entire  water-way  and  rest  on  tlie  opposite  shore. 

The  sand  bars  are  (piite  unmerous,  and  lie  diagonally  across  the  river 

Occasionally  the  river  in  its  course  touches  the  blufl's  or  high  land,  some  of  which  are 
not  less  than  100  feet  high. 

A  few  farms  appear  on  the  upper  part  of  the  river,  aud  cotton  and  corn  are  culti- 
vated. 

Just  above  Stork's  Ferry,  135  miles  from  East  Hamilton,  the  "Raft"  begins.  It  is 
that  portion  of  the  river,  some  11  miles  iu  extent,  fonued  about  fifteen  years  ago  by 
the  opening  up  of  a  bayou  or  slough,  and  its  {gradual  enlargement  as  the  original  chan- 
nel (or  Old  Kiver)  became  choked  with  drift.  This  section  of  river,  known  as  the 
**  Raft,"  is  about  150  feet  in  width ;  it  presents  many  difficulties  to  navigation  aud 
causes  much  annoyance  to  lumbermen  while  floating  down  logs. 

The  current  is  swift  and  the  channel  crooked  and  shallow  at  low-water,  as  shown 
on  the  sketch.  It  contains  a  great  many  hard-wood  snags  aud  fallen  trees,  but  since 
the  Old  River  has  become  entirety  closed  it  is  w  ashing  out  and  impn>ving. 

Belgrade,  at  the  lower  end  of  the  "Raft,"  is  90  miles  from  Orange  ;  one  family  lives 
here  and  keeps  a  small  store. 

From  Belgrade  the  river  considerably  improves  until  the  Narrows  are  reached.  It 
wilt  average  200  feet  in  width  and  is  less  obstructed  by  snags  than  the  river  above. 

Throughout  all  this  part  of  the  river  very  little  good  arable  land  exists  in  the  imme- 
diate vicinity  of  its  banks. 

The  chief  industry  is  the  timber  business,  and  large  and  valuable  rafts  of  pine  antl 
cypress  logs  are  floated  down  to  the  mills  at  Orange. 
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Reliable  infomiation  as  to  flood-levels  and  periods  was  difficult  to  obtain,  as  they 
van  so  much  every  year.  The  winter-rise,  however,  usually  begins  in  December,  and 
lasts  alwiit  three  or  four  months.  The  extreme  rau^e  between  high- water  and  low- 
vater  is  about  25  feet  at  East  Hamilton  and  only  10  feet  at  the  head  of  the  Narrows. 

When  the  water  is  high  it  tloods  the  bottom  lands  and  flows  across  many  of  the 
bfuds,  fomiiug  cut-ofls,  and  all  the  rocky  and  gravelly  shoals  and  sand  bars  are  covered 

THE  NARROWS. 

This  part  of  the  river  merits  a  more  careful  description,  as  it  is  at  present  the  most 
seriously  obstructed  for  a  long  distance  above  Orange,  and  is  rapidly  deteriorating, 
aodeonld  be  greatly  improved  by  the  expenditure  of  a  small  amount  of  money. 

The  head  of  the  Narrows  is  30  miles  above  Orange  and  the  foot  12  miles  ;  they  are 
foD8«|iiently  18  miles  in  length.     They  were  formed,  before  the  official  boundary  sur- 
mof  Maj.  J.  D.  Graham,  by  the  opening  of  a  chain  of  sloughs  and  the  formation  of 
a  raft  in  the  Old  River  a  few  miles  above  Niblett's  Bluff, 
it  present  more  water  flows  down  Old  Kiver  than  the  Narrows.     The  main  stream 
divides  at  the  head  of  the  Narrows,  as  shown  on  the  map,  and  by  far  the  larger  quan- 
tirr  gws  ofl*  to  Old  River;  for  a  mile  this  water  flows  through  a  channel  which 
wa.«  Dot  the  original  river,  but  only  a  small  bayou  twenty  years  ago  ;  it  is  enlarging, 
however,  and  is  now  some  20  feet  deep  and  over  100  feet  wide. 

It  is  a  great  source  of  annoyance  to  timbermen,  as  their  logs  and  rafts  float  down 
this  way,  instead  of  through  the  Narrows,  and  mingle  with  the  raft  in  Old  River  and 
arelo«t. 

The  water  which  flows  down  Old  River  runs  under  and  penetrates  through  the  raft 
for  about  half  a  mile,  when  the  main  channel  divides  into  several  small  bayous  or 
^Jonghs,  which  flow  through  a  cypress  and  tubular  gum  swamp  for  about  2  miles,  and 
»hirh  tinally  come  together  again  and  form  a  deep,  wide  river  some  2  miles  above 
Niblett's  Blutf. 

When  the  closing  of  Old  River  took  place  it  is  impossible  to  say.  It  must  have 
httn  many  years  ago,  as  it  is  beyond  the  recollectiou  of  the  oldest  inhabitant,  and 
the  small  sloughs  into  which  the  river  is  divided  flow  through  a  cypress  swamp  in 
vhich  the  trees  are  3  and  4  feet  in  diameter. 

Some  ^  miles  from  the  head  of  the  Narrows,  Swayne^s  Bayou  enters ;  it  is  simply  a 
sioagh  through  which  some  of  the  water,  backed  up  in  Old  River  by  the  raft,  flows 
Wk  into  the  Narrows. 

The  tirst  5  miles  of  the  Narrows  from  the  head  is  the  only  part  that  needs  improv- 
ittg;  here  the  water-way  averages  only  100  feet  in  width,  and  at  lowest  water  has  a 
depth  of  not  more  than  2  feet  in  places.  The  bottom  is  generally  sandy  and  covered 
with  sunken  logs. 

In  "driving '^timber  through  the  Narrows  jams  often  occur  and  many  logs  sink, 
^t  covered  with  sand,  and  form  permanent  shoals  and  sand  bars,  which  lessen  the 
irner-way  and  tend  to  throw  more  water  down  Old  River. 

There  are  two  bad  bends  across  which  the  water  makes  when  it  is  high,  fonning 
tn>able«ome  eddies  for  the  lumbermen. 

From  1|  miles  below  Swayne^s  Bayou,  or  5  miles  from  the  head  of  the  Narrows, 
there  is^  at  least,  at  all  times  5  feet  of  water.  There  are  no  overhanging  trees  or 
ftoajT^  and  the  river  from  this  point  to  its  mouth  needs  no  work  upon  it. 

The  tides  of  the  Gulf  aflect  the  level  of  the  river  as  far  up  as  Morgan^s  Bluff",  20 
miles  fix>Di  Orange,  but  depend  chiefly  on  the  force  and  direction  of  the  wind. 

Mr.  Leavenworth,  who  ma<le  a  survey  of  the  Sabine  River,  under  the  direction  of 
Mjj.  C.  W.  Howell  in  1872,  states  that  the  water-way  of  the  Narrows  is  exceedingly 
tortaons  and  crooked,  though  deep  and  comparatively  clear  of  obstructions,  and  from 
ail  I  could  learn  from  old  lumbermen  the  river  is  in  a  much  worse  condition  now  than 
ii  wa»  a  few  years  since. 

The  river  below  the  hinction  of  Old  River  and  the  Narrows  widens  out  to  a  fine 
scr«*ain  300  feet  in  width.     At  Orange  it  is  500  feet  wide. 

One  mile  below  the  NaiTows  the  Louisiana  Western  Railway  crosses  on  a  new  iron 
draw-bridge.     The  banks  here  are  low,  and  are  generally  covered  with  cypress  and 
tabular  jBTum  trees  draped  with  grey  moss. 
Below  Orange  the  river  widens  out  to  over  1,000  feet. 

The  **  cut-off,"  2  miles  below  the  town,  has  deepened  until  now  there  is  not  less  than 
12  feet  of  water  in  it.  From  here  down  trees  gradually  cease,  and  their  place  is  taken 
by  eoars^e  grass  and  sea-cane. 

Jihortly  before  Sabine  Lake  is  reached  the  river  divides  into  two  passes,  the  east 
and  middle  passes  ;  and  the  middle  pass  has  a  small  but  deep  fork,  called  west  pass, 
and  it  was  along  this  the  survey  line  ran,  as  at  its  mouth  the  new  cut  into  the  lake 
wjw  being  dredged.     It  extends  to  5  feet  of  water. 

Sabine  Lake  is  shoal,  with  a  soft,  muddy  l>ottom.  The  banks  here  are  subject  to 
coDtitant  overflow,  and  the  onJ.y  habitable  spots  are  the  slicll  mouudS)  wMch  are  some- 
times WOyanJs  Jong  and  40  feet  high. 
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GEXKRAL  DESCRIPTION  OF  THE  TOWNS  AND  COUNTRY. 

East  Hamilton,  the  initial  point  of  this  snrvey,  is  situated  in  Shelby  County,  Texas, 
It  contains  two  stores  and  about  thirty  inhabitant^}.  It  would,  however,  be  quite  a 
shipping  point  for  cotton  provided  navigation  could  be  relied  on  all  the  year,  as  the 
neighboring  country  is  good  farming  land  and  cousiderablo  cotton  raised,  most  of 
Avhich  is  hauled  to  Shreveport,  La.  Mr.  James  Payne  states  that  last  year  1,800  bales 
of  cotton  were  shipped  by  river  from  this  place  to  Orange. 

Pendleton,  in  Sabine  County,  has  only  one  store  and  a  cotton  warehouse.  Two 
families  live  here,  and  1,000  bales  of  cotton  were  shipped  last  year. 

8abinetowu  is  a  small  settlement  of  a  half  dozen  families  and  one  store. 

There  are  no  more  towns  on  this  river  until  we  reach  Orange.     Some  little  cotton  is^ 
shipped  from  a  few  landings.    About  every  15  miles  a  single  family  can  be  found  liv- 
ing  on  the  river  and  tending  a  ferry.     The  reason  of  such  a  scarcity  of  population  oa 
the  river  is  partly  due  to  the  fact  that  the  bottoms  are  subject  t«  overflows  and  cannot- 
be  cultivated,  and  partly  to  the  prevalence  of  malarial  fevers  near  the  river  in  th© 
summer  months.     Ten  or  1*2  miles  back  the  country  is  better  settled  and  some  cottoa 
grown.    Valuable  forests  of  pine  grow  on  either  side  of  the  bottoms,  and  cypresa 
brakes  are  frequent  near  the  river.     This  year  45,000  logs  were  cut  in  the  vicinity  of 
the  river,  and  at  the  time  of  the  survey  were  waiting  for  the  first  rise  to  be  tloated 
down  to  the  mills  at  Orange. 

Orange  has  grown  very  rapidly  in  the  last  few  years.  Th»^  Texas  and  New  Orleans 
Railway  has  only  been*  running  there  within  a  year,  and  the  Louisiana  Western 
Railway  will  be  completed  this  spring,  connecting  it  with  Now  Orleans.  The  lumber 
business  is  the  principal  industry  of  the  place,  and  there  are  several  large  saw  and 
shingle  mills  in  operation.  There  were  three  steamboats  ready  to  run  on  the  Sabine 
this  year,  the  Wren,  the  Era,  and  the  Lark. 

IMPROVEMENTS. 

The  Sabine  River  may  be  relied  on  for  about  three  months  in  each  year  for  naviga- 
tion, with  boats  drawing  3  feet,  from  Orange  to  East  Hamilton. 

If  the  river  could  be  improved  so  as  to  have  navigation  throughout  the  year,  most, 
if  not  all,  of  the  cotton  grown  in  the  counties  and  parishes  adjoining  the  river  would 
find  its  way  to  market  by  boat.  The  volume  of  the  river  is  so  small,  however,  during 
the  summer  and  autumn,  that  only  an  expensive  system  of  dams  and  locks  would  be 
efi'ective,  which  the  sparsely  settled  state  of  the  country  and  the  navigable  value  of 
the  stream  would  not  seem  to  justify.  As  it  is,  when  the  water  is  up  steamboats  make 
the  trip  to  East  Hamilton  and  back,  from  Orange,  in  about  twelve  days,  and  no  im- 
provement is  necessary  except  at  low-water  to  cut  out  all  snags  and  overhanging  or 
fallen  trees. 

In  1856  the  legislature  of  Texas  appropriated  $51,455  for  the  improvement  of  the 
Sabine,  and  in  1H74  a  considerable  amount  of  State  laud,  for  the  same  pur]>ose ;  the 
snags  were  cut  out,  and  some  of  the  timber  along  the  banks  deadened,  but  no  useful 
results  of  this  expenditure  remain. 

Dismissing,  then,  any  plan  to  secure  low-water  navigation  between  Orange  and  East 
Hamilton,  and  turning  our  attention  to  the  Narrows  it  is  seen  that  it  they  could 
be  improved  boats  of  light  draught  could  go  as  far  as  Belgrade  most  all  the  year.  This 
is  90  miles  trom  Orange  by  water,  and  it  is  below  this  point  that  the  greater  part  of 
all  the  logs  are  put  into  the  river. 

It  would  be  desirable  to  cut  out  some  fallen  trees  and  snags  between  the  head  of  the 
Narrows  and  Belgrade. 

The  lumber  business  is  by  far  the  most  important  interest  on  the  river. 

Last  summer  the  small  steamboat  Lark,  drawing  a  little  less  than  '2  feet,  was  twenty- 
two  days  getting  through  the  Narrows. 

IMPROVEMENT  OF  THE  NARROWS. 

With  the  money  and  time  allowed  I  could  not  make  a  thorough  examination  and 
survey  of  Old  River,  with  a  view  of  removing  the  raft  and  opening  it  up  and  allow- 
ing the  Narrows  to  close,  but  from  the  carefulreconnaissance  made  it  would  undoubt- 
edly be  more  economical  to  use  the  present  channel  of  the  Narrows. 

To  do  this,  two  things  must  be  done.  1st.  Some  obstruction  should  be  thrown  across 
Old  River  to  divert  the  water  from  it  into  the  channel  of  the  Narrows.  2d.  The 
sunken  logs  and  snags  should  l>e  removed  from  the  first  5  miles  of  the  Narrows. 

It  would  also  be  advisable  to  assist  nature  and  make  three  cut-ott]^,  now  nearly 
formed,  one  especially,  which,  of  itself,  would  tend  to  throw  more  wat«r  down  the 
Narrows.  It  is  only  ^io  feet  across  now,  and  the  bank  would  not  average  over  8  feet 
above  low-wat«r.  The  trees  have  already  been  cut  off  and  the  water  runs  over  in  a 
high  stage.  It  is  marked  A  B  on  the  chart.  The  other  two  proposed  cut-offs  marked 
C  I>  and  E  F  on  the  chart  are  not  over  100  feet  across  and  would  straighte^n  and 
shorten  the  river  very  much,  and  save  the  necessity  of  working  on  quite  a  stretch 
and  the  raising  of  many  logs. 
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It  is  impossible  to  state  liow  many  saw-logs  are  sunk  in  the  Narrows  as  they  are  for 
the  moHt  part  under  water  and  covered  with  sand.  Those  that  were  exposed  at  the 
time  of  the  survey  are  indicated  on  the  chart.  It  is  also  difficult  to  form  an  estimate 
of  the  cost  of  hauling  them  out  on  the  hanks.  It  is  safe  to  say,  however,  that  the  re- 
moval of  500  sunken  logs  and  100  snags  from  the  sand  would  greatly  improve  the 
navigation. 

To  improve  the  Narrows,  then,  we  would  recommend  to  make  the  cut-off"  marked 
A  B  from  the  main  river  into  the  Narrows  320  feet  long,  40  feet  wide,  and  5  feet  deep 
at  low-wat«r.  To  throw  some  obstruction  across  the  Old  River  at  G  H  on  chart, 
which  need  not  be  water-tight,  a  double  row  of  piles  with  brush  and  trees  between 
would  do.  To  haul  out  with  some  kind  of  snag-boat  the  most  troublesome  sunken 
saw-logs  and  snags ;  and  lastly  to  make  the  other  two  cut-offs  indicated  on  the  chart. 
It  might  be  necessary  to  block  up  Swayne's  Bayou,  which  could  easily  be  done,  as  it  is 
narrow . 

If  these  alterations  were  ma^le  it  is  thought  that  the  volume  of  water  flowing  in 
the  Narrows  would  be  more  than  doubled,  its  velocity  would  be  increased,  and  it 
would  deepen  the  channel. 

Al'PROXIMATE   ESTIMATE. 

Making  cut-off'  at  A  B : 

The  removal  of  5,000  cubic  yards  of  cla^,  at  50  cents ^2, 500 

For  making  pile  and  brush  obstruction  150  feet  long,  at  G   H,  across  Old 

River 2,000 

For  making  two  other  cut-offs,  each  about  100  feet  long,  at  about  $500  apiece.  1, 000 
For  banliug  out  and  removing  sunken  logs  and  snags  from  the  bed  of  the  Nar- 

PDws 5,000 

For  enperintendence  and  ins]>ection,  about 2, 000 

For  cutting  out  snags  from  the  Narrows  to  Belgrade 5, 000 

Total 17,500 

Whatever  work  is  contemplated  will  have  to  be  done  late  in  the  summer  or  autumn 
when  the  water  is  at  its  lowest,  some  time  in  August,  September,  or  October.  The 
country  then  is  very  sickly  from  chills  and  fever  and  malarial  fevers,  but  the  logs  can- 
not he  gotten  at  nor  any  of  the  work  prosecuted  to  advantage  when  the  water  is  not 
low.  The  banks  are  low  except  at  Morgan's  Bluff',  and  the  extreme  high-water  about 
10  feet  above  the  low. 

The  chart  of  the  Narrows  was  made  by  plotting  the  stations  with  a  large  pro- 
tractor and  is  drawn  on  a  scale  of  ircAi  tr- 

Very  respectfully,  your  obedient  servant, 

J.  S.  PoLHEMrs, 
Jssintant  Engineer. 
Capt.  C.  E.  L.  B.  Davis. 

L'orpH  of  Engineers,  /'.  S,  A. 


survey  of  the  narrows  of  sabine  river,  above  orange,  texas. 

United  States  Engineer  Office, 

Galveston,  Tex.j  March  20,  1880. 

General  :  I  have  tbe  honor  to  submit  herewith  a  report  on  the  sun'ey 
of  the  Narrows  of  the  Sabine  River,  above  Orange,  Texas,  being  a  por- 
tion of  the  river  which  has  been  surveyed  under  the  provision  of  section 
2j  of  the  act  of  Congress  approved  March  3,  1879,  '*  making  appropria- 
tion for  the  construction,  repair,  preservation,  and  completion  of  certain 
works  of  rivers  and  harbors,  and  for  other  purposes." 

The  first  section  of  the  act  makes  an  appropriation  of  $6,000  for 
improving  Narrows  of  Sabine  River  above  Orange,  Texas,  and  to  deepen 
the  channel  at  the  mouth  of  the  Sabine  River. 

Mtgor  Howell's  suggestion  to  defer  the  preparation  of  a  project  for 
the  exi^enditure  of  this  appropriation  until  the  completion  of  the  re- 
»ur%ey  of  Sabine  River  was  approved  by  the  Chief  of  Engineers  May 
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31,  1879.  This  duty  is  now  imposed  upon  me.  So  much  of  the  survey 
as  is  embraced  in  the  provision  of  the  appropriation  act  has  been  com- 
pleted, and  I  am  now  enabled  to  submit  a  report  with  recommendation 
and  estimates. 

Major  Howell  says  that  after  survey  it  can  be  decided  whether  it  may 
be  best  to  expend  the  money  at  the  Narrows  or  on  the  bar  at  the  mouth 
of  the  river. 

Under  an  appropriation  of  $10,000,  made  in  act  of  1878,  the  bar  at 
the  mouth  of  the  river  is  now  being  dredged  to  give  a  channel  of  5  to  6 
feet  of  water,  so  we  may  dismiss  for  the  present  the  consideration  of 
any  further  expenditure  at  this  point  and  devote  the  whole  of  the  $6,000 
to  impro\ing  the  Narrows  above  Orange. 

The  survey  was  made  by  Assistant  Polhemus,  and  his  report  is  very 
full,  showing  distinctly  the  character  and  location  of  the  obstructions 
to  navigation  and  indicating  what  is  necessary  in  the  way  of  improve 
ment. 

To  improve  the  Narrows,  then,  it  will  be  advisable,  first,  to  throw 
some  obstruction  across  Old  River  to  direct  the  water  into  the  channeJ 
of  the  Narrows ;  second,  to  remove  sunken  logs  and  snags  from  the  first 
5  miles  of  the  Narrows. 

It  would  also  be  advisable  to  assist  nature  and  make  three  cut-offs, 
now  nearly  formed,  especially  one  near  the  head  of  the  Narrows  where 
the  trees  have  already  been  cut  oft*  and  the  water  runs  over  in  a  high 
stage. 

It  is  impossible  to  say  how  many  saw-logs  and  snags  will  have  to  be 
removed,  as  they  are  mostly  under  water  and  covered  with  sand.  Ex- 
posed ones  are  indicated  in  the  chart.  It  is  safe  to  say,  however,  that 
the  removal  of  600  logs  and  snags  would  greatly  improv^e  the  naviga- 
tion. It  might  be  necessary  to  dam  Swaj'ne's  Bayou,  which  could  easily 
be  done. 

It  is  thought  that  if  these  changes  were  made,  the  volume  of  water 
flowing  through  the  Narrows  would  be  more  than  doubled,  the  velocity 
would  be  increased  and  the  channel  deepened. 

APPKOXIMATK  ESTIMATE. 

Making  cut-off  sit  A  B  on  accompanying  sketch,  involving  the  removal  of  5,000 

yards  of  clay  at  50  cents $2,50i) 

Obstructing  01(1  River  at  G  H 2,000 

Making  two  other  cut-offs 1,000 

Removing  logs  and  snags  from  the  bed  of  the  Narrows 5, 00<) 

Superintendence  and  inspection 1,000 

This  work  will  have  to  be  executed  late  in  the  summer  when  the  water 
is  at  its  lowest  stage. 
For  the  expenditure  of  the  $G,000  available,  I  have  to  recommend — 
Ist.  Cutoff  at  head  of  Narrows,  $2,500. 
2d.  Dam  in  Old  Kiver,  $2,000. 

3d.  Eemoval  of  logs  and  snags  from  bed  of  river  to  the  extent  the 
funds  will  i)ermit. 
I  recommend  that  the  work  be  done  by  contract. 
Very  respectfully ,  your  obedient  serv^ant, 

S.  M.  Mansfield, 

Major  of  Engineers^ 
Brevet  LietitenantColonelj  U.  *y.  ^l. 
The  Chief  of  Enginekus,  U.  S.  A. 
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IMPROVEMENT  OF  NECHES  RIVER,  TEXAS. 

Report,  with  estimates  and  plans  (survey  of  1872-73),  was  submitted 
December  30,  1873. 

First  appropriation  of  $8,000  was  made  in  1878,  "  to  excavate  a  cban- 
iiel  5  feet  deep  at  mean  low  tide,  and  40  wide,  or  so  much  thereof  as  the 
aiDOUDt  will  permit,  throug^h  the  bar  at  the  mouth  of  the  river." 

Second  appropriation,. $5,000,  given  in  1879,  for  application  "to  fur- 
ther improving  the  channel  through  the  bar  at  the  mouth  of  the  river.'^ 

Tnder  the  £*8t  appropriation  contract  was  entered  into  June  10, 1879, 
forexcavating  and  removing  material,  at  22J  cents  per  cubic  yard ;  under 
the  second  appropriation  (contract  of  November  14, 1879)  the  price  of 
dred^ng,  &c.,  was  put  at  32^  cents  per  cubic  yard ;  Mr.  Seth  N.  Kimball, 
of  Mobile,  Ala.,  being  the  contractor  under  both  appropriations. 

PROGRESS  MADE  DURING  YEAR  ENDING  JUNE  30,   1880. 

The  contractor's  dredge-boat  was  transferred  fix>m  the  bar  at  the  mouth 
of  the  Sabine  River  to  the  bar  at  the  mouth  of  the  Neches  River  on  the 
31gt  January,  1880,  and  commenced  work  on  the  Neches  Bar  (under  pro- 
vision of  first  contract,  June  10, 1879)  the  2d  of  Februaiy,  beginning  at  the 
outer  or  lake  end  of  the  bar,  the  material  excavated  being  dumped  on 
the  west  bank. 

To  procure  the  5-foot  dredged  channel  across  the  bar  from  the  Sfoot 
depth  of  water  in  the  river  to  the  same  depth  in  Sabine  Lake,  the  first 
cnt  was  made  a  total  length  of  10,300  feet ;  necessitating  the  removal 
of  29,014.1  cubic  yards  of  material,  and  absorbing  the  funds  of  the  appro- 
priation available  for  this  contract,  which  was  completed  April  30, 1880. 
Work  under  the  second  contract  (November  14,  1879)  began  May  1, 
1880;  the  commencement  being  made  on  the  second  cut  (widening  first 
cat),  and  continued  toward  the  upper  and  until  the  cut  was  completed 
on  tlie  29th,  on  which  date  the  dredge  was  removed  to  a  more  outward 
point,  and  work  proceeded  toward  the  end  of  the  second  cut  at  the 
angle  in  the  channel.    All  material  excavated  under  this  contract  was 
towed  away  in  scows  and  dumped  on  suitable  dumping  grounds.    Con- 
tract was  completed  June  18,  1880. 

With  the  appropriations  of  1878-'79  ($13,000),  there  has  been  completed 
a  channel  aeross  the  bar  of  the  required  aepth,  viz,  5  feet  (and  more)  at 
mean  low  tide,  averaging  60  feet  in  width  (excepting  a  gap  of  about  1,200 
feet,  on  the  shoalest  pod^ion  of  the  bar,  over  which  there  is  a  channel  of 
about  30  feet,  or  one  cut,  wide)  for  the  entire  length  of  the  channel  from 
the  5-foot  depth  of  water  in  Sabine  Lake  to  the  5-foot  depth  in  river 
alK)ve. 
The  work  under  both  contracts  was  satisfactorily  done. 

PROPOSED  OPERATIONS  OF  THE  YEAR  1880-'81. 

To  expend  the  amount  appropriated  by  aet  of  Congress,  approved 
June  14, 1880,  viz,  $5,000,  in  continuing  improvement  of  channel  across 
the  bar  at  the  mouth  of  the  river,  by  dredging,  deepening,  and  widening 
the  cut  recently  made  under  contract  with  Mr.  Seth  N.  Kimball ;  esti- 
mated amount  of  material  to  be  excav^ated  and  removed  (30  cents  i>er 
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yard)  13,500  cubic  yards ;  and  to  be  done  by  contract,  after  invitioi 
posals.  1 

Original  estimate  (1874) $^\ 

Amount  appropriated  (1878-'80) 18,| 

Unappropriate<l  balance S,i 

Which  amount  can  be  profitably  expended  in  the  fiscal  year : 
ing  June  30,  1882,  in  continuing  dredging  to  improve  the  channi 
navigation  across  the  bar  at  the  mouth  of  the  river. 

The  work  is  located  in  the  collection  district  of  Galveston.    The  nearest  ligbt-j| 
is  at  Sabine  Pass. 

A  resurvey  of  the  Neches  River,  Texas,  from  its  mouth  to  Bevilf 
was  made  during  period  between  dates  December  19, 1879,  and  Jau|| 
31, 1880,  the  results  of  which  are  incorporated  in  a  special  report  h 
with  submitted. 

Money  statement  \ 

July  1,  1H79,  amount  available $12,662  08  : 

Amonut  appropriated  by  act  approved  June  14,  1880 5,000  00 

$l7.r)6i 

July  1,  1880,  amount  expended  during  fiscal  vear 11, 246  23 

July  1,  1880,  outstanding  liabilities \ 1,308  55 

l'i.:»o4 

J  uly  1,  1880,  amount  available 5,  l'>7 


Amount  (estimated)  required  for  completion  of  existing  project 8, 318 

Amount  that  can  be  profitably  expended  in  fiscal  year  ending  June  30, 1882.       *',  ^18- 


RESURVEY   OF    NECHES    RIVER,   TEXAS,  FROM    THE    3I0UTH    OF    TH 

NECHES  TO  BEVILPORT. 

KEPORT  OF   MR.   J.    S.   POLHEMUS,  ASSISTANT  ENGINEER. 

Bolivar  Point,  1*ex.,  Julif  1.  l!5c*0. 

Colonel  :  I  have  the  honor  to  submit  the  following  report  on  the  survey  of  th 
Neches  River,  Texas,  from  Bevilport  to  its  mouth,  made  in  January,  1880. 

On  my  return  from  the  survey  of  the  Sabine  River,  I  received  orders  from  Captai) 
Davis  to  make  a  similar  survey  of  the  Neches  River,  and  in  pui-suance  of  his  instrud 
tions  left  Galveston  December  19, 1879,  with  a  party  of  three  men  and  survey  equip 


I  arrived  December  25, 1880.    December  27,  a  cross-section  of  the  river  and  banks  wa4 
made  at  Bevilport,  and  the  survey  commenced. 


SURVEY. 


The  survey  was  in  all  respects  like  that  made  of  the  Sabine  River.  The  appropria- 
tion being  onl^  $800,  nothing  but  a  careful  reconnaissance  was  attempted. 

A  compass  line  was  run  along  the  river^s  banks,  and  all  distances  were  measnretl 
with  a  sta<lia.  All  obstmctions  to  navigation,  such  as  shoals,  snags,  sunken  logs,  A Cj 
were  sketched  in  their  proper  place,  and  soundings  were  taken  about  ©very  .'>00  fet^t. 

Length  of  line  measured  from  Bevilport  to  Sabine  Lake  was  157  miles. 

Thirty-five  cross-sections  were  taken,  and  whenever  the  height  of  floo<l-Ievel  could 
be  ascertained  it  was  measured  and  noted. 

The  survey  of  the  river  between  Bevilport  and  Yellow  Bluff,  63  miles,  was  made  at 
a  very  low  stage  of  the  river,  and  all  snags  and  obstructions  to  navigation,  as  well 
as  the  general  character  of  the  river  at  its  lowest  water,  was  observed. 

While  we  were  at  Yellow  Blufl'  a  rise  of  9  feet  2  inches  took  place  in  a  single  night 
and  from  that  place  to  Weiss  Bluff  the  water  was  from  9  to  6  feet  above  extreme  low' 
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and  the  olrtitnict  ions  wt^re  all  covered  and  could  not  be  seen.  The  Tery  bad  portions 
if ihe  river,  however,  are  all  above  Yellow  Bhiff. 

Mo«t  of  the  infonnation  as  to  the  character  of  the  river  at  low- water  between  Yellow. 
Hlnff and  Weiss  Blurt*  was  obtained  by  inquiries  from  old  settlers,  and  from  men  en- 
^'iffid  in  floating  logs  to  Beaumont. 

Thefiurvey  was  completed  to  the  mouth  of  the  river  January  26,  and  the  i)arty  re- 
!nru€(l  to  Galveston  and  wa«  disbanded  January  30, 1880. 

The  work  has  l»een  plotted  on  a  scale  of  tjj^m  ««  three  sheets. 

The  plotting  commenced  May  24,  and  the  maps  were  completed  July  10,  1880. 

tiKXKRAL  DESCIUPTIOX   OF   RIVER. 

Krom  its  junction  with  the  Angelina  River  the  Neches  flows  in  a  southerly  direction 
to  Beaumont.  130  miles,  from  which  place  it  flows  southeast  for  27  miles,  to  where  it 
fiupties  into  Sabine  Lake,  only  4  miles  from  the  month  of  the  Sabine.  The  river 
ilovfl  through  bottom-lauds  from  2  to  5  miles  in  width,  beyond  which  are  rolling 
pine-lands.  The  bottom-lands  are  verj'  fertile,  the  greater  portion  of  them  subject  to 
ovprtJow  each  year,  and  very  unhealthy.  They  are  not  cultivated  to  any  extent,  and 
ar?  covered  with  a  heavy  growth  of  oak,  gum,  hickory,  &c. 

The  general  height  of  the  bottom-lands  at  Bevilport  above  the  low-water  of  the 
river  is  about  20  or  'M)  feet,  and  they  decrease  proportionally  as  we  near  the  coast. 

The  course  of  the  river  is  extremely  tortuous  in  its  valley,  and,  as  it  curves  along, 
the  banks  on  the  convex  side  are  abrupt  and  caving,  and  slope  down  again  as  we  go 
loj'k  from  the  river.  The  concave  sides  of  the  bends  are  low,  and  slope  gently^.  As 
the  caving  banks  wear  away  at  each  rise  in  the  river,  trees  are  undermined  and  fall 
into  the  stream,  flUing  it  with  snags  and  obstructions. 

Whfn  the  river  is  low  in  .summer  and  early  antiinm  the  volume  of  flow  is  very  small. 

The  ammal  risi*  usually  begins  in  December  and  lasts  until  April.  The  river  rises 
15or20f«^t,  an»l,  if  it  w«*re  not  for  the  fallen  trees  and  snags,  navigation  would  be 
\>Ty  good  as  far  as  Be\ilport. 

The  rdiii^t'  between  higli  and  low  water  is : 

Feet. 

At  Bevi]ix»rt 2<j 

At  Town  Blurt' 28 

At  Weight's  Lauding • 22 

At  Yellow  Blurt' 21 

AtBeaumont H 

I       In  riving  a  more  particular  description  of  the  river  it  seems  natural  to  divide  it- 
into  three  sections. 

FROM   BEVILPORT  TO  YELLOW   BLUFF. 

ThiH  includes  7  miles  of  the  Angelina  River,  which  at  low-water  is  about  125  feet 
wide  and  varies  in  depth  from  8  inches  to  10  feet.  The  bed  of  the  river  contains  many 
jinagB  and  sand-bars.  At  the  junction  the  Neches  and  Angelina  unite,  and  the  volume 
of  water  is  nearly  doubled.  Between  the  junction  and  Yellow  Blurt"  the  Neches  has 
no  large  streams  as  tributaries,  and  the  water-way  will  average  150  feet  in  width,  and 
varies  in  depth  from  1  foot  to  15  feet. 

At  low  river  very  little  water  is  running  in  the  channel,  and  there  are  numerous 
•dioals  of  sand  and  gravel.  There  are  a  great  man^  snags  and  fallen  trees  in  the  be<l 
of  the  river,  and  navigation  is  iiractically  impossible  without  a  rise  of  several  feet 
No  rocky  shoals  were  found  on  the  river.  The  most  troublesome  portion  is  near  Pebble 
inlaod,  4  niil«*H  ab<ive  Yellow  Blurt*. 

FROM   YELLOW   BLUFF  TO   WEli>6   BLUFF. 

The  river  is  about  l.'iO  feet  in  width,  and,  if  the  information  obtained  from  all  the 
lambermen  is  correct,  has  a  depth  at  low-wat«r  of  not  less  than  2^  feet  at  any  place. 

William  Long  iV  Co.  (lumbermen  and  mill-owners)  have  had  their  men  cut  out  all 
the  mags  down  to  the  level  of  low-water,  and  the  river  is  in  a  very  good  condition 
when  the  watvr  is  n<>t  extremely  low. 

FROM  WELSS  BLUFF  TO   SABIXE  LAKE. 

Tlie  river  ran  be  navigated  at  all  times  of  the  year  by  light-draught  steamboats. 

Between  Weiss  Blufl'  and  Beaumont  the  river  is  deep,  and  a  steamboat  runs  regu- 
larly. Entering  this  iK>rtion,  it  has  two  large-sized  creeks  as  tributaries,  Village 
C're«k  and  Pine  iHlaud  Bayou.     From  Bvauinout  to  the  lake  the  Necbes  is  "W\d©  au^ 
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flecp  and  the  banks  low  and  swampy.  It  in  abont  1,000  feet  wide  near  its  month.  I: 
empties  into  Subiiie  Lake  over  a  mud-bar,  on  which  at  the  time  of  the  survev  then 
was  not  more  than  3  feet  of  water,  but  which  has  since  had  a  channel'dredgtjd  tlironjjl 
it  6  feet  in  de^ith,  and  any  of  the  small  vessels  which  can  cross  Sabine  Lake  can  ge^ 
pito  the  river. 

PRINCIPAL  TOWN'S  AND  LANDINGS. 

fiei'ilpoi'tj  the  initial  point  of  the  survey,  is  a  very  small  town  containing  two  wiial 
variety  stores  and  a  cotton  warehouse,  and  might  number  twenty  inhabitants.     It  i? 
-finite  a  shipping-port  for  cotton,  which  is  the  staple  product  of  the  neighbonii<;j 
tnuntry. 

The  next  ^)lace  is  Town  Bluffy  a  small  town,  situated  on  a  high  bluff  on  the  right 
'bank  of  the  n  ver  half  a  mile  back.     It  has  three  stores  and  ships  700  bales  of  cotton. 

Farther  down  the  river  are  two  landings  from  which  cotton  is  shipped. 

About  3,000  bales  of  cotton  are  shipped  from  all  the  landings  along  the  Neclus, 
most  of  which  this  year  found  its  way  to  market  by  wagon,  owing  to  the  protractwl 
low-water.  Valuable  forests  of  pine  grow  near  the  river  and  furnish  the  mills  at 
iJeaumont. 

Below  Yellow  Bluff,  in  the  immediate  vicinity  of  the  river,  the  land  is  but  littlt* 
•cultivated.    The  banks  are  low  and  subject  to  overflow. 

Beaumont  is  the  largest  town  on  the  river,  and  numbers  about  2,000  inhabitantti. 
It  contains  s«?ven  saw  and  two  shingle  mills.  The  Texas  and  New  Orleans  Railroad 
crosses  the  river  at  this  point.  The  lumber  business  is  the  chief  industry  of  tho  place, 
and  the  town  is  growing  and  improving  rapidly. 

Below  Orange  there  are  no  towns.  There  were  two  saw-mills  before  the  Texas  and 
Xew  Orleans  Railroad  was  built. 

There  were  three  steamboats  running  on  the  Neches  last  year,  one  of  the  boats  only 
to  Weiss  Bluff.  Long  «&,  Co.  have  built  a  tramway  3  miles  back  into  the  country 
from  Yellow  Bluff,  and  float  down  to  the  mills  at  Beaumont  a  great  many  logs.  A» 
near  as  could  be  ascertained,  3.5,000  logs  were  floated  down  this  year.  Mr.  Goodhew 
-cut  and  floated  to  BeauuKuit  45,000  pine  railroad-ties;  besides  these  there  were  abont 
iojXK)  cut  by  other  parties. 

IMPROVEMENTS. 

During  the  summer,  while  the  river  is  at  low  stage,  there  is  so  little  wat<5r  running 
aud  so  many  shoals  and  sand-bars  over  which  there  is  less  than  1  foot  in  depth,  that 
it  would  seem  impossible  to  secure  navigation  thn>ughout  the  year  except  by  means 
of  an  expensive  system  of  dams  and  locks,  which  the  present  state  of  the  acyacent 
country  does  not  wari'ant. 

At  present  navigation  for  boats  drawing  3  feet  of  water  can  be  relied  on  for  al>ont 
3  months  in  each  year  as  far  up  as  Bevilport,  commencing  usually  in  December;  but 
this  navigation  is  rendered  dangerous  on  account  of  the  many  snags  and  fallen  trees 
which  should  be  either  cut  down  to  the  level  of  low-water  or  dragged  out  of  the  bed 
of  the  stream. 

The  river  below  Beaumont  and  above  to  Weiss  Bluff  ne^^ds  no  improvement. 

Above  Weiss  Bluff  to  Yellow  Blutt*  it  is  quite  clear  of  snags ;  this  leaves  63  miles 
from  Y'ellow  Bluff  to  Bevilport  on  which  work  should  be  done. 

The  principal  snags  and  fallen  trees  are  sketched  on  the  map.  There  would  be 
about  100  to  the  mile  and  about  20  overhanging  trees  to  be  cut  away. 

It  is  thought  that  the  expenditure  of  about  $250  per  mile  would  remove  all  the  im- 

?ortant  snags  and  large  overhanging  trees,  or  for  the  river  between  Bevilport  and 
ellow  Blnf^  |15,000. 

Very  respectfully,  your  obedient  servant, 


Bvt.  Lieut.  Col.  S.  M.  Mansfield, 

Major  of  EnffinverSj  T.  S,  J, 


.1.   S.   POLHKMrs, 

Aftuhtaut  Enginetr. 


N  3. 

IMPKOVEMHNT  OF  ENTRANCE  TO  GALVE.STON  HARBOR,  TEXAS. 

Captain  Davi.s,  Corps  of  Engineers,  assistant  to  my  predecessor. 
Major  Howell,  has  been  in  inunediate  charge  of  this  work,  aud  he  sub- 
mits herewith  a  report  of  operations  for  the  year  past  till  time  of  my 
assuming  charge  in  February  last,  when  I  relieved  Major  Howell  of  the 


le  engineers  in  ciiarge  and  of  the  several  Boards  of  Engineers  tbat 
five  had  the  matter  under  advisement  are  summarized  in  the  reports 
f  the  last  boanl,  dated  August  9,  1879,  and  June  7,  1850,  published 
erewitli. 

The  theory  upon  which  the  Board  relies  is  that  of  contraction  of  the 
iitlet  to  force  the  outflow  into  a  narrow  channel  directed  upon  tlie  bar 
)  effect  its  removal  and  lessen,  if  not  entirely  prevent  for  a  long  time 
>ooiiie,  its  reformation. 

Through  all  the  literature  of  the  subject,  which  is  well-nigh  exhausted, 
IB  principle  upon  which  we  depend  for  securing  deep  water  over  the 
ar  remains  unquestioned,  and  its  application  otters  every  guarantee  of 
lecess. 

The  suggestions  and  recommendations  of  the  Board  as  to  details  of 
mstruction  are  tentative  only,  the  selection  of  a  suitable  construction 
4ng  wisely  left  to  the  judgment  of  the  otticer  in  charge. 
The  magnitude  of  this  work,  and  the  absence  of  suitable  materials 
ith  which  to  construct  it,  has  heretofore  been  the  great  obstacle  to  its 
Ivaucement,  and  its  estimated  cost  has  been  placed  at  high  figures. 
The  experiment  of  a  gabionnade  was  made  as  oflferiug  a  cheap  and 
iccessful  solution  of  the  problem.  So  far  as  it  was  applied  on  the 
)rt  Point  side  of  the  channel  to  the  improvement  of  the  inner  bar  it 
IS  successful,  and  we  now  have  20  feet  of  water  over  the  inner  bar; 
It  its  further  application  to  the  Bolivar  jetty,  with  the  object  of  eftect- 
g  the  depth  over  the  outer  bar,  proved  unsuccessful,  and  the  system 
IS  been  discaixled. 

it  is  now  intended  to  build  the  jetties  of  brush  and  stone  on  a  system 
at  undoubtedly  will  succeed,  for  it  has  been  applied  to  open  sea  ex- 
isure  at  the  mouth  of  the  Maas,  where  it  has  realized  all  anticipations 
d  established  a  certain  and  economical  way  of  constructing  these  sea- 
)rks  on  sand-coasts. 
The  eminent  Dutch  engineer,  Caland,  says: 

)ii  a  movable  Ixittom  this  niethcMl  of  construction  offers  guarantees  of  solidity  which 
tHiuueutl  its  employ  men  t  wherever  the  materials  for  fascines  can  be  reaiiily  had. 

There  is  no  longer,  as  heretofore,  a  question  of  procuring  suitable 

kfik«*iolQ    {t\    QiiftiniAnf   r«i-io'i'kf-i4-rr   anil    nf-   o    '*«£kac$/\rmKlA  /*/\a4- 
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The  bulk  of  the  appropriations  will  go  directly  into  the  work. 

I  am  confident  the  application  of  the  system  here  will  be  at 
with  peifect  success. 

I  invite  attention  to  the  accompanying  report  of  Assistant  Ei 
H.  C.  Ripley,  to  whom  I  am  greatly  indebted  for  so  clear  and  c 
hensive  an  exi>osition  of  our  plans  and  estimates  for  the  impro^ 
of  this  harbor. 

STATISTICS  OF  THE   PORT  OF   GALVKSTOX,  YEAR   ENDING   DECEMBER   31,  1 

Kxjwrts  of  domestic  produce. 

Cotton  to  foreign  ports $16, 511, 525 

Cotton  to  domestic  ports 9, 859, 075 

$26 

Wool,  19,873  bags I 

Hides— bales,  9,993 ;  bundles,  8.434  ;  loose,  7,637 2. 

Cattle 

Tallow 

Preserved  meats 

Bones,  6,000  tons 

Horns 

Peltries I 

Pecans 

Beeswax 

Hair 

Oats  (wheat  and  com,  none) 

Cotton-seed,  15,000  tons 

Cotton-seed  oil,  11,500  barrels 

Cotton-seed  oil-cake,  77,000  sacks,  foreign 

Sugar 

Molasses 

Total 31 

To  foreign  ports 16, 

To  domestic  ports 15. 

Total 31 

f'alrtc  of  imports  for  the  ifearnf  1878  and  1879,  each  ending  December  31. 

Articles.  1878.         | 

_         \ 

GrocericH $5,981,300          1 

DrvKoods 2,280.000  | 

Notions 430.  OOO 

Boot«,  Hhof  (*.  anrt  hatft 1,  533, 420  ' 

Hardware  i  5§5. 100 

Clothing '  604,000  , 

Crot'kerv 35,000  I 

Dnijrs  .'. 200,000  ; 

Lumber,  Hliingh^a,  and  laths 220, 000 

"Wines  and  liquora 470.  OOO 

Furniture  230,00<J  ' 

Lime  and  cement 18,000  ! 

Bricks 38,  000  | 

Sash,  doors,  hlinds,  dtc ,  120.  om»  i 

Paint49  and  oils I  78. 000  I 

Iron-ties  and  baling  stuft's 9<>9, 850 

Coffee 519.000 

Coal 80.  OOO  , 

Railroad  iron  and  fastenings 112,  000  [ 

Kailroad  rolling-stock 45.  000 

Total 14..M.S.930  : 

Increaae  of  1879  over  1878.  26  per  cent. 

The  above  are  the  imports  for  the  Galveston  trade  only,  and  ai 
mated  as  being  only  one-fourth  of  the  imports  at  Galveston  for  tht 
at  large,  which  would  be  for  1879,  $73,324,000. 


f  L   r.W 
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NT   OF   DUTIES  COLLKCTED  AT  THE  CUSTOM-HOUSE,  GALVESTON,  ON  IMPORTED 
FOR   THE    CALENDAR    YEAR    ENDING    DECEMBER  31,  1879,  FURNISHED   BY  E. 
.SE,    ESQ.,    COLLECTOR. 

$2,645  81 

1,135  45 

5,407  m 

3,314  99 

1,719  74 

1,755  52 

2,841  53 

26,809  11 

tr 11,842  22 

8,187  61 

T 14.198  91 

r * 48,684  79 


tjil  1879 128.543  51 

or  calendar  year  endiug  December  31,  1878,  fM3,007.41 ;  increase  of  1879  over 
per  cent. 

ition  to  other  foreign  goods  to  be  entered  at  this  port  daring  this  year,  there 
n  ordered  from  England  100,000  tons  of  iron  and  steel  rails,  which  Will  give  a 
n  duties  of  over  $160,000. 

kbove  statistics  were  furnished  by  kindness  of  Mr.  James  Sorley, 
estou,  Tex. 

>rk  is  located  in  the  collection  district  of  Galveston.  The  nearest  light-house 
ivar  Point,  at  entrance  to  Galveston  Bay. 

PAPERS  ACCOMPANYING  THIS  REPORT. 

Kirt  of  Capt.  C.  E.  L.  B.  Davis,  Corps  of  Engineer«. 
K»rt  of  Mr.  H.  C.  Ripley,  assistant  engineer. 
riH  and  e8timat<es. 
ilysis  of  current  meter, 
ji^rams  of  wind. 

Money  statement. 

■^79,  amount  available $117,462  80 

appropi-iated  by  act  approved  June  14,  1880 175, 000  00 

$292, 462  80 

^^HO,  amount  expended  during  fiscal  year 80, 894  51 

<^K  tMitstandiug  liabilities "  2, 000  00 

82, 894  51 


■^^-'O,  amount  available 209,568  29 


bat  can  be  profitably  expended  in  fiscal  year  ending  June  30,  1882.     500,000  00 
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eceipts  from  all  sources,  $346,298.97,  of  which  $318,211.24  was  from  duties  on 

-alue  of  imports  from  foreign  ports,  $1,094,731. 

•alue  of  domestic  proilucts  exported  to  foreign  ports,  $16,726,825:  of  which 

iiouuted  to  $16,519,124,  and  all  other  articles  $207,701. 

»f  fort^ign  products  ex^iort^d  to  foreign  ports,  $37,028. 

r  and  clearances  of  vesaeh  at  the  port  of  Galveston  for  the  year  ending  June  30, 1880. 
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A. 

iseport  of  captain  c.  e.  l.  b.  davis,  corps  of  exg1xkek8. 

United  States  Engineer  Office, 

Galvt&toHf  Tex,,  June  3,  18^. 

Sir  :  I  have  the  honor  to  submit  the  foHowing  report  of  operations  for  inii»roviiig^ 
the  harbor  at  Galveston,  Tex.,  from  the  commencement  of  the  fiscal  year  1H79  to  Feb- 
ruary 25,  18^,  the  date  of  your  arrival  at  Galveston,  Tex. 

BOLIVAR  OABIONNADE. 

Tlie  construction  of  the  gabionnade  at  Bolivar  Point  was  continued  up  to  NovciuIk'*' 
28,  1879,  when  the  manufacture  and  sinking  of  gabions  were  discontinued  in  accord^ 
ance  with  verbal  instructions  received  from  M%j.  C.  \V.  Howell,  Corps  of  Engineerv 
U.  S.  A. 

The  following  table  exliibits  the  monthly  progress  made  during  the  time  of  sinking 
gabions : 


Date. 


Number  of '     Total     ,  T>>nirth    i     '^'*'**^ 
gabions,      number.     *^"»^"*  i  length. 


1879. 

July 

August 

September 

October 

November 


104 

(13 

38 

80 

3 


709 
772 
In  wliiKs* 
802 
806 


238 


1.2«2 
d93 

8. 590 

t83 
40 

9,ofil 
9,  CM 

2.278    

The  total  length  of  line  to  18  feet  of  water  outside  the  bar  is  16,500  feet;  9,606  feet 
of  gabionnade  having  been  constructed,  thei*e  i*emained  uncompleted  on  the  cessatiou 
of  work  a  length  of  6,894  feet. 

During  the  month  of  July  106  gabions  were  sunk  in  the  Bolivar  gabionnade.  An 
examination  of  the  position  of  the  gabionnade  put  dowm  in  July  was  made  in  Septem- 
ber. 

One  gabion  was  missing,  and  one  was  found  to  the  northward  of  and  considerably 
out  of  line.  This  latter  gabion  was  put  down  at  the  close  of  a  day's  work ;  w^a«  bnt 
partially  filled  with  sand ;  and  two  days  afterwards  was  found  to  have  shifted  to  its 
position  revealed  by  the  September  examination.  It  is  probable  that  the  missing 
gabion  shifted  in  a  similar  manner,  but  so  far  out  of  line  as  not  to  be  discovered  by 
the  surveying  party. 

In  August  and  September  63  and  38  gabions,  respectively,  were  put  down,  disiM>8ed 
in  the  following  manner : 


The  gabions  were  placed  very  regularly  and  in  line,  as  they  were  sunk  in  smooth 
and  shallow  wat^r,  and  could  readily  be  seen  in  position  when  first  put  down. 

An  examination  of  thisportim  of  the  gabiounide,  male  in  November,  showerl  thft 
position  of  the  gabionnade  to  be  as  follows : 


OoO^ 


^oo^  OcicCicscPocK:^ 


oo 


Q^%^^^^ 


The  two  gabions  Nos.  750  and  761  wei*e  can*ied  away,  leaving  the  mats  and  concrete 
blocks  in  position.     These  two  gal>ions  were  discovered  missing  a  few  days  after  being 
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put  down.    As  they  were  tilled  properly,  no  cause  can  be  assigned  for  their  disiipijear- 

anee. 

In  tbe  partial  inclosnre  formed  by  the  wing  and  return  line,  put  down  in  September, 
it  wtf  thought  a  rapid  accumulation  of  sand  would  take  place,  but  no  such  effect  oc- 
curred. 

nnring  the  month  of  October  30  gabions  were  placed  in  the  ^abionnade.  Of  these  30 
jjjibioM5had  entirely  disappeared,  when  examined  in  December,  and  others  showed 
coDgiderable  diaplaceraent. 

In  November  b  gabions  were  put  down.  Four  of  these  were  put  down  on  the  3d, 
tbe  enter  two  of  wliich  had  disappeared  on  the  I9th  and  were  replaced,  and  two  more 
gunk  on  that  date.  When  the  examination  was  made  December  16,  only  3  of  the  8 
gabioDfl  remained. 

At  tbe  outer  end  where  the  gabions  disappeared  the  mats  remained  as  they  were 
placed.   At  this  point  the  construction  of  tiie  Bolivar  gabionnade  was  discontinued. 

^lATTRESS  JETTY. 

In  November  1  visited  New  Orleans,  under  telegraphic  orders  from  Major  Howell, 
ami  there  received  verbal  instructions  from  him  to  stop  the  manufacture  and  sinking 
of  nbioDs,  which  orders  I  carried  out  on  my  return  to  Galveston,  November  28,  1879. 

Major  Howell  also  gave  me  verbal  instructions  to  put  down  mats  made  of  brush  and 
cane  at  the  in-shore  end  of  the  Bolivar  gabionnade. 

These  mattresses  were  made  18  by  60  feet,  and  about  one  foot  thick  over  all.  The 
raue  or  brush  was  laid  one  layer  lengthwise,  another  crosswise^  and  another  length- 
wise, all  held  in  place  by  frames  of  yellow  pine,  above  and  below  fastened  together 
vithiron  bolts,  wooden  pins,  and  galvanized  iron  wire. 

A  few  mattresses  18  by  30  leet  and  1  foot  thick,  made  in  a  similar  manner,  were  also 

II«4M|. 

Tbe  larger  mats  were  loaded  with  100  concrete  blocks.  The  blocks  were  the  same 
as  those  waed  in  weighting  the  mats  placed  under  the  gabions.  They  are  about  30  by  18 
by6 inches,  equal  to  1^  cubic  feet,  with  an  average  weight  of  230  pounds,  making  the 
total  weight  of  blocks  on  each  mat  23,000  pounds. 

During  the  month  of  December  30  of  the  larger  and  4  of  the  smaller  mattresses  were 
placed  in  position. 

As  there  was  a  deep  trench  along  the  line  of  the  gabionnade,  an  offset  of  114  feet  to 
^he  northward  was  made  as  soon  as  the  line  of  mattresses  met  the  gabions,  in  order  to 
avoid  this  trench.  The  mattress  line  was  then  continued  parall^  to  the  line  of  the 
gabionnade. 

During  the  mouth  of  January  31  mattresses  were  sunk,  28  of  the  larger  and  3  of  the 
stuaUer  nize. 

Daring  the  month  of  February  27  mattresses  of  the  larger  and  4  of  the  smaller  size 
Were  gunk. 

I'nderdate  of  February  4,  1880,  Mr.  Ripley,  United  States  assistant  engineer,  re- 
ported as  follows : 

•'1  have  the  honor  to  report[that  during  Sunday's  storm  there  were  a  number  of  mat- 
tr«jwe8  dislodged  from  the  ietty.  Three  are  broken  to  pieces,  and  the  lumber  and  cane 
^ra  strewn  along  the  beach  south  of  the  range.  Two  are  still  in  the  water  only  a  short 
•distance  from  the  jetty  on  the  south  side.  Their  positions  are  shown  by  the  ends  of 
^lie  cane  projecting  above  the  water.  Apparently  one  end  of  each  is  relieved  of  the 
<>*>nrrete  blocks,  which  allows  it  to  come  up  to  near  the  surface  of  the  water,  the  ends 
**ftbe  cane  projecting  above  it.  About  |  of  1  of  the  3  broken  ones  lies  near  the 
^'^'ater'sedge,  and  has  9  blocks  upon  it.  These  mattresses  all  came  from  near  the  inner 
♦•«3d  of  the  jetty,  as  I  can  tell  bv  the  lumber  in  the  frames.  The  cook  on  the  clam- 
•*^ell  dredge  reports  that  on  Suniiay  he  saw  5  mattresses  drift  past  the  dredge  toward 
t  be  harbor. 

"Shortly  after  your  arrival  the  sinking  of  these  mattresses  was  dis<*ontinued,  since 
^\iwh  time  no  examination  has  been  made." 

Repairs  to  the  plant,  wharves,  buildings,  etc.,  were  made  during  the  year,  the  de- 
twiUof  which  will  be  found  in  the  report  of  the  operations  <»f  the  construct  ion- yaitl. 

Sl'RVKYS   AND   KXAMINATKLNS. 

During  the  year  surveys  of  the  outer  and  inner  bars  and  examiimtions  of  the  lino 
<>f  the  Bolivar  gabionnade  were  made  at  times  favorable  for  such  work.  A  complete 
-survey  of  the  outer  and  inner  bars  was  made  in  the  month  of  August,  1879, 

A  comparison  of  the  inner-bar  portion  with  the  survey  made  the  pivceding  April 
"bowed  that  no  material  change  had  taken  place.  There  was  a  practicable  channel 
pf  2(U  feet  depth  with  a  least  width  of  500  jfeet  on  the  iimer  bar,  and  400  feet  wide 
iu«idethe  bar  net  ween  the  2(»-foot  contour-lines. 

A  comparison  of  the  survey  of  the  outer  bar  with  that  made  in  the  moutA\of  3\\ii^"^te- 
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ceding  showed  ooiisiderable  change,  especially  immediately  in  front  of  the  Boliv 
nel,  where  a  shoaling  from  |  to  1  foot  was  found.    A  severe  northeasterly  storm 
on  the  23<l  and  2it]i  of  August,  and  the  soundings  upon  this  portion  of  the 
taken  on  the  25th,  so  the  change  was  undoubtealy  due  to  this  storm  and  the 
was  subsequently  found  to  have  disappeared,  and  as  no  complaints  were  heai| 
ship-masters  or  pilots  it  is  probable  tne  shoaling  was  of  very  short  duration.    \ 

A  survey  of  the  outer  bar  was  made  in  Noveml>er  and  December.  On  com! 
this  chart  with  those  previously  made,  no  material  change  was  found  to  havej 
place.  I 

Examiuatious  of  the  Bolivar  gabionnade  were  made  in  July,  September,  ai| 
veraber,  for  the  puriMJse  of  n<»ting  the  changes  that  had  taken  place  in  the  poi 
of  the  gabions. 

These  examinations,  some  of  which  were  quite  extensive  and  included  the  i 
line,  were  reported  upon  at  the  tinie  to  M^or  Howell,  and  the  reports  will  be| 
among  the  office  records. 

Very  respectfully,  yonr  ol>edient  servant, 

Cha5*.  E.  L.  B.  Davis, 
Captain  of  Engine^ 

Maj.  S.  M.  Mansfield, 

Coi'ps  of  Knghn^ei'S,  U,  S.  J. 


B. 

RKPORT  OK   MR.    U.    C.    IMPLKV,    ASSISTANT   ENCHNKKR.  I 

BouvAR  Point,  Tex.,  July  6,  188fl 

Captain  :  I  have  the  honor  to  submit  the  following  report  of  operations  for  \ 
improvement  of  Galveston  Harbor,  Texas,  for  the  year  ending  June  IJO,  1880. 

The  journal  herewith  transmitted  is  of  the  usual  form  and  shows  the  expendituitt 
material  and  labor,  the  construction  of  gabions,  concrete  blocks,  mattresses,  &c.,  1j 
repairs  to  plant  and  other  incidental  work.  ^ 

The  progress  made  in  gabionnade  construction,  together  with  detailed  accounts  of  t| 
behavior  of  the  gabions  and  of  changes  shown  by  surveys,  have  already  been  reporte 
:8ee  reports  dated  August  1  and  22,  September  12  and  20,  Noveml>er  17,  1879,  ai 
January  6,  1880.  A  description  of  mattress  construction  (mattress  of  brush  or  can^ 
with  stiff  wo<Klen  frames),  together  with  a  tracing  showing  manner  of  placing  mai 
tresses  and  their  behavior,  has  also  been  furnished.     See  report  dated  March  4,  18^ 

After  the  arrival  of  Colonel  Mansfield,  who  had  relieved  Major  Howell  in  charge  o 
this  work,  the  construction  of  matti'esses  with  frames  of  woo<l  was  discontinued,  ai» 
«ince  that  time  our  work  has  been  to  a  great  extent  experimental.  Under  Colonci 
Mansfield's  direction  mattresses  have  been  constructed  after  the  manner  of  the  Dutcl 
in  the  improvement  of  the  river  Maas. 

A  brief  description  of  our  experinieuts  with  this  fonii  of  mattress  will  now  be  givea 
A  mattress  18  by  30  by  1.5  feet,  made  wholly  of  cane,  was  placed  in  the  water  and 
weighted  with  concrete  blocks  until  it  sunk  to  the  bc»ttom ;  92  blocks  were  required 
to  barely  sink  it  and  100  blocks  were  necessary  to  hold  it  tirmly  upon  the  l)ottouu 
The  weight  of  100  blocks  is  about  23,000  pounds,  which  shows  that  it  reqiiired  2^4^ 
pounds  of  stoue  to  overcome  the  buoyancy  of  each  cubic  foot  of  mattress.  The  resut 
of  this  experiment  was  deemed  sufficient  to  condemn  the  use  of  cane  for  the  biilk,of 
the  mattress ;  for,  the  cane  being  hollow  and  air-tight,  it  is  believed  that  its  buoyancy 
would  n(»t  be  greatly  diminishea  by  getting  water-soaked,  and  hence  as  one  of  the  con- 
stituents of  the  jetty  it  could  never  prove  economical. 

A  second  mattress  18  by  30  by  1.5  feet,  made  of  brush  with  cane  fascines,  ropes  and 
hurdle,  was  placed  in  the  water  and  attached  to  the  stem  <»f  the  dredge-boat  which  is 
moored  off  the  wharf  in  about  7  feet  of  water.  This  mattress  sunk  in  about  one  week 
of  its  own  accord  and  became  so  finnly  attached  to  the  botttun  as  to  hold  the  di-edge- 
boat  against  a  strong  wind  and  tide  until  finally  the  line  was  broken  and  tjie  di*edg»' 
swung  to  her  anchor.  Two  mattresses  18  by  30  by  1.5  feet  were  next  placed  ou  the 
line  of  the  north  jetty  at  the  outer  end  of  the  gabionnade.  From  the  mattress  in  the 
bay  sinking  of  its  own  acccord.  it  was  l>elievcd  that  only  a  few  concrete  blocks  would 
be  necessary  to  sink  them :  but  these  2  mattresses  had  been  made  some  time,  ai\d  the 
brush  of  which  they  were  composed  had  become  thoroughly  dried  >o  that  its  buoyancy 
was  much  great^T  than  had  been  anticipated,  so  that  it  was  found  after  the  mattresses 
were  launched  that  there  were  barely  blocks  enough  to  sink  them.  The  edge  of  one 
mattress  lodged  on  the  end  of  a  gabion  in  sinking,  and  the  sinking  lines  being  too  weak 
to  raise  it,  before  it  could  be  dislodged  the  blocks  from  that  edjje  lia<l  rolletl  down 
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towanUth^  lower  side  of  the  luattrens.  The  other  iiiattreMH  wiuj  capsized  Id  launch- 
JDijfnMii  thf  barge,  so  that  the  hurdles  which  w^ore  intended  to  keep  the  blocks  from 
beiug  wjishwl  off  the  mattres.s  were  ou  the  uuder  side,  and  hence  of  no  use. 

After  a  fniitlens  effort  to  turn  the  mattress  right  side  up,  it  being  quite  late  and  the 
«ea  iD(Tf'a.>ing,  the  blocks  were  placed  upon  it  and  it  was  lowered  to  the  bottom.  It 
vgn  theu  too  late  and  the  tide  was  too  strong  to  bring  the  barges  in,  so  they  were 
moonxl  near  by  and  left.  The  sea  increased  during  the  night  to  such  an  extent  that 
one  of  the  barges  broke  away  from  her  mooring  by  tearing  away  the  gypsy  from  the 
8aiuM<m-post.  It  was  with  great  difficulty  next  morning  that  men  could  get  from  the 
U\)i  to  the  remaining  barge  to  raise  the  anchor,  ou  account  of  the  sea. 

I  have  l>een  thus  minute  in  the  description  of  the  placing  of  these  two  mattresses 
and  of  the  condition  of  the  weather  l>ecause  two  days  later,  after  the  sea  had  subsided, 
it  was  foand  that  they  had  been  carried  away.  Eighty  blocks  had  been  placed  upon 
them,  which  is  equivalent  to  11^  pounds  per  cubic  foot  of  mattress.  The  cause  of  the 
serie«i  of  accidents  above  enumerated  was  due  to  inexperience  as  to  necessary  strength 
of  Making- lines,  amount  of  ballast  needed,  mode  of  launching,  6cc. 

Two  days  lat'er  two  more  mattresses  of  the  same  size  were  placed  at  the  same  i>oiut 
without  a  single  accident.  These  were  placed  end  to  end  across  the  line  of  the  jetty 
and  weighted  with  125  blocks  equivalent  to  17^  pounds  per  cubits  foot  of  mattress. 
An  examination  made  17  days  subsequent  to  their  placing  does  not  reveal  anv  settle- 
ment even  at  their  edges :  neither  is  there  shoi^'n  any  tendency  to  an  accumulation  of 
sand  about  them.  Whether  the  sand  has  tilled  the  interstices  in  the  brush  could  not 
lie  detennined.  These  mattresses  were  placed  in  about  14  feet  of  water — a  deep  scour- 
iof^  having  taken  place  at  the  end  of  the  gabionnade — which  may  l)e  the  cause  of  their 
fai'iore  to  collect  sand.  At  any  rate  the  question  can  hardly  be  considered  decided  by 
the  action  of  these  two  mattivsses,  placed  as  they  are  at  the  immediate  end  of  the 
gabionnade. 

A  record  of  the  tide  and  wind  has  been  kei>t  as  heretofore  by  means  of  self-register- 
ins;  tide-gauge  and  anemometer,  and  a  rain-gauge  has  been  established  since  April. 
These  records  together  with  the  record  of  the  mean  daily  height  of  the  barometer 
("btained  from  the  signal  office,  at  Galveston)  are  being  plotted  so  as  to  represent 
them  graphically  on  a  single  chart.  This  chart  is  not  yet  finished,  but  will  be. fur- 
nished as  soon  as  completeil.  A  meter  attachment  has  been  made  to  the  registering 
apparatus  of  the  tide-gauge,  so  that  a  record  of  the  velocity  of  the  current  is  also  kept. 
A  deiKription  of  the  meter  accompanies  this  report.  The  wind  record  has  been  plot- 
ted on  diagrams  which  are  herewith  transmitt^. 
Very  respectfully,  your  obedient  servant, 

H.  C.  Ripley, 

Jf*fn8tant  Engineer, 

Capt.  C.  E.  L.  B.  Davis, 

Corps  of  Engineers  U,  S.  A, 


C. 

rUXS  AMI   F:ST1MATKS,    report   of   MR.    II.  C.   RIPLKV,  ASHISTANT   EXCflNBKR. 

Bolivar  Point,  Tex.,  July  3,  1880. 

Coloxel:  In  acconlance  with  your  verbal  instructions  to  pre]mi*e  plans  and  est  i* 
niates  for  the  improvement  of  the  entrance  of  Galveston  Harbor,  Texas,  by  means  of 
Jottie«  constructed  after  the  manner  of  the  Dutch  in  the  improvement  of  the  river 
Maaa,  I  have  the  honor  to  submit  the  following  report: 

The  accompanving  tracings  sh(»w  the  form  and  position  of  each  jetty.  The  south 
j<*ttjr  has  a  total  length  of  15,330  feet,  and  «^xteuds  from  the  6-foot  contc»ur  at  its  inner 
t*nd  to  the  \'A\  foot  contour  at  its  outer  end.  Commencing  at  the  inner  end  for  4,0h<» 
f**«*t,  the  top  is  5  feet  below  the  water  surface  and  has  a  width  of  12  feet.  From  this 
l»ointthe  jetty  slopes  up  to  the  wdter  surface  and  gradually  increases  its  width  on 
top  from  12  feet  to  24  feet  at  a  distance  from  the  inner  end  of  10,22<)  feet. 

From  this  point  the  top  width  is  uniformly  24  feet,  and  the  t<i^»  is  at  the  water  sur- 
face for  a  distance  of  14,1160  feet  from  the  inner  end.    From  this  point  to  the  outer  en<l. 
a  distance  of  370  feet,  it  gradually  shapes  down  to  the  foundation  mattress.     The  side 
**'<>pe  is  the  same  throughout  for  either  side  of  tht^  j^'tty.  and  has  been  assumed  at  1  on 
%  with  a  base  lH»rm  i>rojecting  10  feet  beyond  the  intersection  of  the  side  slope  and 
foundation  mattress.    Lest  the  width  of  this  l»erm  «hould  prove  insutticient  on  account 
<»f unexpected  scour,  an  allowance  has  been  made  in  the  **  R<^suni«^  of  Estimates"  for 
j»n  additional  width  of  r>  feet  on  either  side.    The  outer  cinl  of  the  jetty  or  '*pier  head" 
i**  essentially  different  in  form  from  that  of  the  Maas  jetty.    It  is  believed,  however,  that 
difter^jiit  conditions,  together  with  diminished  cost,  warrant  the  moditication.   All  heavy 
»^a«  must  come  from  the  Gulf,  and  will  strike  the  jetty  <lir«*ctly  in  end  or  at  a  small 
angle.    A  gently  sloping  face  well  j»aved  to  a  depth  oH^  feet  will  undoubt^dVy  i^cevv^ 
le**  shock  thau  an  enlarged  and  wore  abrupt  pier  head.     Should  expeTieiiee  iXwnwvt, 
the  count-  of  conBtmction  prove  its  necessiity,  a  less  side  slope   can  be  g\Yeu  to  iVivi 
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jt*tty  at  its  head  ho  an  to  iiicn^aHe  itH  bt»ttom  wi<lth  at  its  bi^hest  point  to,  say,  M 
iiiHt4>ml  of  iK)  feet,  and  the  sitle  could  be  paved  a«  is  showu  on  the  end  slope.  1 
can  be  accomplished  at  a  small  additional  cost  and  would,  I  think,  insure  thi 
head  against  storms  which  would  endanger  less  exposed  portions  of  the  jetty.    ' 

The  pile  construction  supporting  the  railway  is  also  different  from  that  of  the 
jetty :  but  it  is  believed  to  possess  greater  strength  and  stittuess  at  a  lesH  cost, 
estimate  for  pile-work  contemplates  that  the  timoer  shall  be  of  oak  throughout 
that  the  piles  shall   l)e  covered  with  zinc,  wherever  they  come  in  contact '' 
the  water,  to  protect  them  from  the  teredo.    Two  rows  of  piles  5  feet  from  cenlj 
ccnt^jr,  with  alternate  pairs  driven  at  an  angle,  as  shown  on  the  tracing,  extendi 
section  A  to  section  F  inclusive.     From  section  G  to  section  O  inclusive,  4  rows  of  ?^ 
are  contemplated,  as  are  shown  on  the  tracing  in  plan  and  section.  > 

It  is  l>elievcd  that  the  pile-work  will  be  unnecessai'V  tor  the  purpose  of  **  conso^ 
ing"  the  jetty,  and  hence  may  l»e  dispensed  with,  unless  it  should  be  thought  anj 
iiomical  auxiliary  in  construction.  i 

The  north  jetty  has  a  tot^il  length  of  8,090  feet,  and  extends  from  near  the  o^ 
end  of  the  Hcdivar  gabionnade  to  the  12-foot  contour  across  the  bar.     The  inuer> 
is  at  a  {loint  on  a  shoal  where  the  clay  formation  comes  to  within  about  6  feet  of  i 
water  surface  and  where  the  gabions  have  shown  little  disposition  to  settle  fnrt 
than  through  the  sand  deposit  which  covers  this  substratum  of  clay.     Fioin  | 
point  the  top  of  the  jetty  slopes  up  to  the  water  surface  and  increases  its  width  grj 
ually  from  12  feet  to  24  feet  at  a  distance  of  2,2(>0  feet.     From  this  point  to  its  oH 
end  the  top  width  of  the  jetty  remains  at  24  feet  and  the  top  lies  in  the  water  0\ 
fiice  to  within  300  feet  of  the  end,  from  which  point  it  gratlually  slopes  down  to  i 
foundation  mattress  at  the  end.  *^  t 

Section  A  begins  at  the  outer  end  of  the  gabionnade,  and  shows  where  the  lui 
end  of  the  jetty  would  l>e  if  it  be  thought  unnecessary  to  carry  it  back  to  the  sbi 
above  mentioned.  The  pile-work  consists  of  4  rows  of  piles  h  fe^t  apart,  with  tt 
)>ile8  in  each  row  .5  feet  from  center  to  center  without  walling  or  8U)>erstructure.  TIm 
are  only  iut'Cnded  for  the  puri>ose  of  "consolidation.''  In  other  respects  the  detal 
are  similar  to  those  for  the  south  jetty. 

Two  estimates  for  each  jetty  are  herewith  submitted  :  one  in  which  the  stnictui'e  [ 
composed  of  a  foundation  mattress  and  stone  only,  and  the  other  in  which  the  stmoii 
ure  IS  composed  of  a  foundation  mattress  and  alternate  layers  of  hearting  maUres(i4 
and  stone — the  top  being  paved  in  strict  accordance  with  the  Dutch  method. 

The  side  slope  which  has  been  assumed,  it  is  believed  is  stee}>er  than  stone  wii 
take  if  thrown  in  and  allowed  to  assume  its  own  slope,  and  it  is  probable  that  31 
l>er  cent,  would  not  be  too  much  to  add  to  the  estimate,  for  the  increase  due  to  tlii 
change  of  slope,  if  foundation  mattresses  and  stone  alone  be  used.  This  addition  hai 
been  made  in  the  *'R<^snm^  of  Estimates.'- 

It  should  be  remarked  that  these  estimates  have  been  made  on  the  basis  of  actual 
experience  here  in  the  kind  of  construction  proposed,  and  it  is  believwl  that  the  esti- 
mate  is  a  liberal  one.  The  only  element  of  uncertainty  is  the  cost  of  construction^ 
and  this  must  always  be  an  uncertain  element  in  work  of  this  kind,  where  the  prog- 
ress of  the  work  is  dependent  upon  the  stat«  of  the  weather. 

In  the  adoption  of  the  form  of  the  pn)tiles  of  the  jetties  we  have  been  guided  by  the 
principle  that,  while  the  ebb  current  should  be  confined  to  a  single  channel  across  the 
bar,  as  little  obstruction  as  possible  should  be  placed  to  the  admission  of  water  into 
the  bay  during  tioo<l-tide.  It  was  desirable  to  accomplish  this  result  with  a  wininiuni 
amount  of  construction,  and  hence  the  inner  ends  ot  the  jetties  commence  some  dis- 
tance from  the  shore.  In  case  of  the  south  jetty,  it  is  l>elieved  that  the  o)>ening 
between  its  inner  end  and  the  pile  breakwater  will  be  protected  from  scour  during  ebl^ 
tide  by  the  current  from  (»alvej4ton  Channel,  whose  direction  is  such  as  to  force  the 
water  in  Holivar  Channel  northward  ami  prevent  much  tendency  to  spread  southward 
until  a  point  of  the  jetty  some  distance  Irom  its  inner  end  is  reached.  About  2,(KiO 
feet  from  its  inner  end,  where  the  first  concentratioif  of  current  against  the  jetty  occurs, 
it  would  se«^m  appropriate  to  raise  the  jetty  to  its  full  height ;  but  inasmuch  as  a  larger 
opening  must  be  left  for  the  admission  of  tiood  water  into  tlie  bay,  and  the  iunt^r  end 
set^ms  to  be  the  only  available  place  for  an  opening,  aside  from  the  opening  betw»*eu 
the  jetties,  this  portion  of  the  jetty  is  raised  only  sulhciently  to  destroy  the  scouring 
Ibrce  of  the  cun*ent,  and  its  full  height  is  delayed  until  a  point  on  the  bar  is  reaclu^l 
where  the  direction  of  the  Hood  cunent  is  such  that  the  jetty  offers  but  little  oppi»Hi- 
tion  to  it.  Then,  too,  during  ebb-tide,  this  is  the  portion  of  the  jetty  most  efficient 
in  concentrating  the  current  on  the  bar ;  for,  after  passing  the  gorge  between  Bolivar 
Point  and  Fort  Point,  the  momentum  of  the  water  must  render  the  tendency  to  im- 
mediate divergence  comparatively  small. 

In  case  of  the  north  jetty,  it  will  be  seen  that  the  opening  between  its  inner  end 
and  the  shore  is  covered  by  a  shoal  extending  from  Bolivar  Point  along  the  north 
margin  of  Bolivar  Channel,  crossing  the  line  ofthe  jetty  at  its  inner  end. 

This  shoal  acts  the  part  of  a  drowned  jetty.     Its  formation  was  undoubtedly  due  to 
an  etldy  caused  by  the  setting  in  of  flood-tide  from  the  uv^rt\i*jaLftt  vsViUe  \\i^  v!\\t\vw\  \w 
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Bf)1ivar  Chaliuel  was  still  riinnine  ebb.  It«  maintenance.  I  think,  is  dne  to  two  canseH: 
lirnt,  a  littoral  current  in  the  Gulf  setting  westward — (the  opinion  of  sea-faring  men 
familiar  with  the  Gnlf  currents  is  to  the  effect  that  a  littoral  current  of  greater  or  less 
velocity  runs  to  the  westward  nine-tenths  of  the  time) ;  second,  northerly  winds,  which, 
while  they  force  the  water  ont  of  the  bay  and  cause  high  velocities,  at  the  same  time 
|iniistlie  water  of  the  Gulf  against  the  north  side  of  Bolivar  Channel  and  prevent  it« 
witer  from  diverging  northward.  Where  the  gabiounade  crosses  this  shoal,  compact, 
tenarious  blue  day  is  found  about  6  feet  from  the  water  surface  covered  with  3  feet  of 
sand.  The  existence  of  a  clay  formation  in  the  clear  waters  of  the  Gulf  assures  us  of 
itMtiirient  origin,  and  hence  we  should  expect  that  the  same  forces  which  have  formed 
this  shoal  and  preserved  it  for  a  long  period  will  continue  its  existence,  for,  if  our 
theory  of  its  formation  and  maintenance  l>e  true,  the  building  of  the  Jetties  will  not  alter 

the  conditions  to  the  prejudice  of  the  shoal.  It  would  be  useless,  therefore,  to  place 
tlicioner  end  of  the  jetty  nearer  to  the  shore  than  the  point  i»roiM>8ed.  The  |^dual 
filn]ic  from  the  inner  end  to  the  water  surface  is  to  conform  to  the  gradually  inereas- 
iiifj  tendeney  of  the  water  to  divergence,  which  must  exist  as  the  distance  from  the 
«hoal  in  increased,  and  also  to  avoid  an  abrupt  end,  which  would  be  likely  to  cause 
•eddies  and  unnecessary  scour. 

The  extreme  height  of  the  Jetties  is  placed  at  the  water  surface  of  mean  low-tifle 
ntberthan  at  the  height  of  high-tide,  for  the  reason  that  the  strongest  ebb  currents, 
and  hence  those  from  which  the  greatest  scour  is  exfiected,  occur  after  the  water  has 
fallen  al>ont  one-half  the  distance  from  hi^h-tide  to  low-tide  (as  is  shown  by  the  current 
meter  cnrve  for  a  point  in  the  bay,  and  it  is  probable  that  at  a  point  on  the  bar  the 
(itrou^eKt  ebb-tide  would  be  found  at  a  stage  of  the  tide  mu<'li  lower,  since  there  muHt 
Ite considenible  slope  to  the  water  surface  with  a  strong  current,  which  in  a  distance 
of  5  miles  would  make  ({uite  a  difference  in  the  height  of  the  water  surface),  and 
hence  any  height  of  Jetty  in  excess  of  the  height  of  the  water  surface  would  not  only 
be  MnperHuous  as  a  confining  agent,  but  it  would  go  to  increase  the  obstruction  to 
the  entrance  of  flood  water.  For  strict  economy,  therefore,  we  should  place  the  height 
of  the  highest  part  of  the  Jetty  so  low  that  the  water  surface  during  strong  ebb  cur- 
rent* would  not  fall  below  it. 

In  the  expenditure  of  so  large  an  amount  of  money  as  the  building  of  these  two 
jetti««  involves,  the  question  naturally  arises.  What  depth  across  the  bar  may  be  ex- 
peeteil  from  the  outlay  f  To  give  a  complete  and  definite  answer  to  this  question 
mnnt  be  fn*ely  admitted  to  be  impossible ;  yet  we  think  it  can  be  shown  beyond  a 
reanonable  doubt  that  there  will  result  a  sufficient  depth  to  satisfy  all  present  and 
l»ro«|iecrive  demands  of  the  |»ort. 

We  have  the  folltiwing  data  : 

1.  Area  of  interior  basin squai*e  miles..  451 

t  Mean  daily  tide  at  H<»li var  Point feet . .  1.1 

•1.  An-a  of  cross-section  of  gorge  between  Bolivar  Point  and 

Fort  Point square  feet..  155,611 

4.  Hydraulic  mean  depth  of  section feet..         17.  H 

5.  (ireatest  depth  in  section feet . .  44 

H.  Area  of  profile  of  nouth  Jetty wpiare  feet..   115,496 

7.  Area  of  profile  of  north  jetty square  feet . .     61, 170 

K  An*a  of  discharge  over  south  jetty wpiare  feet . .     Ii5, 75*) 

?.  Area  of  discharge  over  north  Jetty square  feet..       6,780 

l'>.  Area  of  discharge  over  shoal  at  inner  end  of  south  Jetty square  feet ..     24, 330 

II.  Area  of  discharge  over  oi>ening  at  inner  end  of  north  Jetty,  .square  feet. .     55, 370 
It  Area  of  discharge  lietweeu  north  and  south  Jetties sciuare  feet . .  140, 690 

Now.  without  going  into  a  ref^ne<l  mathematical  discussion  calling  for  exact  data  as 
to  veio<>ities.  water  sTopes,  and  volume  of  discharge,  which  we  do  not  possess,  we  will 
Minply  point  to  the  fact  that  in  the  present  condition,  without  Jetties,  there  is  main- 
taiueil  on  the  bar  over  the  area  between  the  two  Jetties  a  very  constant  depth  of  11 
f^^^'t,  with  an  area  of  discharge  of  140,690  sf^uare  feet.    The  effect  of  the  Jetties  will  be  to 
aaginent  the  discharge  between  them  by  an  amount  equal  to  the  amount  which  now 
(rnsucs  the  line  of  the  proposed  Jetties  and  finds  its  way  across  the  bar  at  other  points. 
The  area  of  this  discharge  is  equal  to  the  combined  areas  of  the  profiles  of  the  jettien, 
which  is  176,(i6<>  S4|uare  feet.     In  the  absence  of  current  measurements  to  detenninc 
the  amount  which  thus  es<'a]>es  we  have  to  Judge  of  its  amount  by  its  effect  in  main- 
taining certain  depths  ujwn  those  ]»ortions  of  the  bar  over  which  it  passes.     An  in- 
sf»ection  of  the  chart  shows  that  the  water  crossing  the  north  Jetty  is  sufficient  to 
maintain  depth.H  varying  fi-om  4  feet  to  lOi  feet.     We  will  be  safe  in  assuming  the 
mean  de]»th  at  r*  tVet. 

Ak  compared  with  the  dis<liarge,  therefore,  between  the  Jetties,  it  would  be  as  h  to 
11.  and  the  amount  would  be  equivalent  to  an  amount  which  would  pass  an  area  ,V 
of  the  area  of  the  north  Jetty,  which  is  61.170  x  n  =  44.451  s(|uare  feet. 

Over  the  line  of  the  south  Jetty  the  diwharge  is  much  greater,  bemg  Hw^tj'u'Tvt  Vo 
maintain  depths  ran/rinir  from  6^  to  II  foet. 
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We  will  be  well  ou  the  side  of  safety  iu  taking  the  mean  depth  at  9  feet.  As  com- 
pared with  the  discharge  between  the  jetties,  therefore,  it  would  be  as  9  to  11,  ant] 
the  amonnt  wonid  be  equivalent  to  an  amount  which  would  pass  an  area  f\  of  the  ares 
of  the  south  jetty,  which  is  115,496  X  i^  =94,497  square  feet. 

The  augmentation,  therefore,  would  be  44,451  -f  94,497  =  1:^,948  square  feet,  which  iw 
nearly  equal  to  the  present  area  of  discharge  between  the  proposed  jetties,  and  hencti 
the  resulting  area  of  discharge  between  the  jetties  will  be  nearly  twice  its  presenr 
area.  Since  there  can  be  no  lateral  enlargement  there  will  result  a  mean  depth  of 
about  22  feet. 

An  hydraulic  mean  depth  of  17 1**,,  feet  iu  tlie  cross-section  of  the  gorce  between  Boli- 
var Point  and  Fort  Point  gives  an  extreme  depth  of  44  feet.  The  conuitions,  however, 
ai-e  different  in  the  gorge  and  on  the  bar,  so  that  in  the  latter  place  we  should  not 
expect  so  great  a  dift'erence  l)etween  the  mean  and  extreme  depths;  but  since  the 
minimum  depth  cannot  be  greater  than  the  height  of  the  jetty,  and  since  the  friction 
caused  by  the  jetties  themselves  must  prevent  a  uniformity  of  velocity  throughout  the 
section,  hence  we  should  look  with  confidence  for  an  extreme  depth  of  not  less  than 
25  feet. 

Thus  far  the  subject  of  maintenance  only  has  been  considered,  and  since  it  is  well 
known  that  a  greater  force  is  re^juired  to  deepen  than  to  maintain  a  channel  the  <|ues- 
tion  arises  as  to  bow  the  deepening  is  to  be  effected.  This  subject,  therefore,  calls  for 
some  consideration.  The  area  of  the  bay  which  serves  as  a  reservoir  is  451  squart^ 
miles,  and  the  average  tide  at  Bohvar  is  1.1  feet.  It  should  be  remarked  that  only  a 
small  portionof  the  bay  is  raised  to  this  height  in  an  ordinary  tide  (see  Report  of  Chief 
of  Engineers  for  1877,  l*art  I,  page  463);  but  at  times  of  storms  or  extraordinary  tide«§ 
the  water  in  the  bay  is  elevated  several  feet.  During  the  storm  of  1877  a  careful  rec- 
ord of  the  tide  was  kept.  The  bay  was  filled  gradually  to  a  height  of  5fo  ft>et  above 
the  plane  of  mean  low-tide.  A  sudden  shifting  of  the  wind  to  the  north,  from  which 
point  it  blew  with  a  high  velocity,  induced  so  rapid  a  discharge  of  the  bay  wat-er  that 
the  surface  was  lowered  6^  feet  in  twenty-three  and  a  half  hours.  The  resulting 
velocity  of  current  was  enormous,  and  there  can  be  no  doubt,  had  the  jetties  been  con- 
structed, that  the  scouring  force  would  have  been  sufficient  to  have  excavated  a  deep 
channel  across  the  bar,  even  though  the  material  had  been  clay  instead  of  sand.  Dur- 
ing the  storm  of  1875  the  surface  of  the  bay  was  elevated  8^  feet  at  Bolivar  Point,  and 
at  the  head  of  the  bay  it  is  reported  to  have  been  elevated  from  12  to  15  feet.  No  rec- 
ord of  the  time  occupied  in  itH  discharge  was  kept ;  but  the  force  exerted  upon  the  bar 
was  sufficient  to  move  the  whole  body  of  the  bar  in  front  of  Bolivar  Channel  nearly 
half  a  mile  seaward.  But  aside  from  these  great  storms,  which  occur  ])eriodically, 
there  are  during  each  year  a  number  of  occasions  when,  under  the  influence  of  strong 
northers,  the  surface  of  the  bay  is  lowered  in  a  few  hours  2,  3,  or  more  fe«t,  and  the 
resulting  force  of  the  current  is  undoubtedly  sufficient,  with  the  concentration  which 
the  jetties  will  give,  to  remove  the  unstable  sand  formation  of  which  the  bar  is  com- 
posed. 

It  must  be  evident  from  the  foregoing  that  with  the  jetties  constructed  there  will 
be  excavated  an<l  maintained  a  channel  across  the  bar  of  sufficient  depth  to  satisfy 
every  demand.  But  we  have  seen  that  a  good  deal  of  uncertainty  exists  as  to  the  full 
extent  of  s<'.our  which  will  take  place,  and  hence  economy  dictates  that  the  construc- 
tion should  progress  in  such  a  manner  as  to  encourage  the  greatest  amount  of  scour  in 
the  proposed  channel,  and  at  the  same  time  admit  of  a  cessation  when  the  desir<Hl 
depth  is  reaches! .  If  tliLs  course  be  pursued  there  are  good  reasons  for  hopin j^  that  the  en- 
tire completion  of  both  jetties  will  not  l>e  necessary.  An  examination  ol  the  current 
meter  curve  shows,  and  the  history  of  the  deepening  of  the  inner  bar  proves,  that  bur 
little  scouriug  etlcct  can  be  expected  from  the  ordinary  tiilal  currents;  and  an  exam- 
ination of  the  tide  and  wind  chart  shows  that  extraordinary  discharge  currents  occur 
only  during  northerly  winds;  and  an  inspection  of  a  chart  showing  tlie  relation  of  the 
bay  and  Gulf,  shows  that  sti-onj^  discharge  currents  cannot  r>ccur  with  the  wind  lying 
between  east  and  south.  An  inspection  of  the  wind  diagrams  shows  that  the  only 
strong  winds  which  will  induce  a  rapid  discharge  of  the  bay  water  are  northerly  ones. 
The  only  condition,  therefore,  when  much  scour  can  occur  is  when  strong  northerly 
winds,  which  force  the  water  out  of  the  bay,  at  the  same  time  press  the  water  of  the 
Gulf  against  the  north  side  of  the  channel,  and  prevent  it^  water  from  diverging  north- 
ward. This  furnishes  an  explanation  for  the  fact  that  no  channel  across  the  bar  of  any 
importance  lia^s  ever  exiHted  lying  anywhere  north  of  the  axis  of  Bolivar  Channel; 
while,  since  official  re<;ords,  a  number  of  good  channels  have  existed  the  direction  of 
whose  axes  varied  from  exlrt^me  east  to  «*xtreme  south. 

There  can  be  no  doubt,  therefore,  that  the  south  jetty  is  the  imjmrtant  one,  and 
should  be  constructed  first.  To  avoid  the  scour  which  would  be  likely  to  occur  at  the 
end  of  any  completed  portion  of  the  jetty,  it  would  seem  advisable  to  place  the  foun- 
dation mattresses  thioughout  the  entire  length  before  the  superstructure  iscommeiu'ed. 
By  thus  commencing  at  the  bottom,  and  raising  the  height  grailually,  the  jetty  could 
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rw'rive  its  top  fiuish  at  any  time  whenever  the  clianiit'i  depth  nliouhl  aimomice  that 
Mifficifnt  height  had  been  readied. 

Very  respectfully,  your  «»he<lient  servant, 

H.   C.    KiPLKY, 

jKsisiaiit  Emjlnter. 
Bvt.  LuMit.  Col.  S.  M.  Mansfield, 

Major  of  EtKjinetvs,  V.  S.  J. 


K^TIMATK*  FOR   .SOUTH   AND   XoRTII   JETTIES  IN   SECTIONS,  AS   SHOWN  ON  THE  ACCOM- 
PANYING   TRACING. 

Id  the  estimates  1  foot  has  been  allowed  for  'settlement  and  c<nnpres.sion  of  fonnda- 
jioD  mattress,  and  j[  has  been  allowed  for  compression  <>f  hearting  mattresses. 

Estimates  of  south  jetty. 


A. 

<'., 

IK 

E. 

K. 

0. 

H. 

I.. 

J.. 

K., 

L.. 

M 

X.. 

P.. 


1 

FoiiudatioD  mat* 

Stone. 

Hearting  mattreMHeH. 

1  Length. 
1     ^****'' 

• 

-.5 

3r3      ! 

• 

1 
1 

ha 

it 

-«rf 

« 

( 

^ 

"^^ 

•^ 

ee 

^ 

js 

•^ 

o 

s-i 

V    ■ 

3 

••* 

1 

•  mim 

O   Cm 

^ 

'J 

$3,861 

^ 

c 

1.574.  S 

$6,299 

5,723 

'>J 

1.000 

."19.400 

42,  520 

If..  I  J 

1.000 

79.350 

.-..  1.5H 

128,  265 

4,  750.  5 

19,  002 

50.651 

3,  292 

1,000 

K).010 

5.  -201 

131,  555 

4,  872.  4 

19.490 

52, 661 

3.  423 

1.080 

76,  230 

4,955 

91,425 

3.  386. 1 

13,  544 

25.  976 

1.6X8 

1.000 

6.5,  265 

4,  242 

56,  775 

2, 102.  X 

X,411 

9,858 

641 

1.000 

66.300 

4,310 

.54,300 

2,011.1 

x,044 

8,850 

.575 

1.000 

7H,  735 

5,020 

109,  230 

4.  045.  5 

IG.  182 

42,  413 

2.757 

1,000 

104.640 

6.  802 

276,  .585 

10,243.9 

40.976 

169, 017 

10.980 

1.000 

no.  137 

7,  .W9 

368, 813 

13,  659. 7 

54,639 

247,635 

16. 096 

1,000 

126.  9M2 

X.  254  1 

469,  813 

17,  400.  5 

69,602 

3.37,  899 

21.  963 

1.000 

i:i,\  000 

X,S75  : 

r>5l.  000 

20, 407.  4 

XI,  630 

411,750 

•26,  764 

1.000 

134.  5X0 

H.74K 

.546, 170 

20.  22i<  5 

SO,  914 

407,393 

26,4X1 

1,000 

129.  K40 

H,440 

492.  380 

18,2.36.3 

72,  945 

359.  025 

23,  X\7 

1,000 

1-29,000 

8.  3H5 

483.000 

17,  S88.  9 

71.556 

350,625 

•22,  791 

sso 

115,920 

7. 5:{5 

452,  090 

16,744.1 

66,976 

3:J2,  831 

21, 6.34 

:<70 

37,750 

2,454 

92,012 

3,407.8 

13,  6:u 

58,013 
2,  870, 320 

3,771 

15,330 

1,  535,  irt9 

99.  7S9  1 

4,345,933 

160,960.3 

643,841 

186,571 

Section. 


Stone  Mhen  hearting  mattn-88e«  ,    ^.^^^  ^  u^aterial. 
are  useil. 


JO 


u 

a 


«5 

SI 


Js  ? 


*  a 


s  X 


Cost  of  confltruction  at 
2  cent  A  per  cubic  foot. 


u 

a 

— .  a 


s 


•a  «« 


A.... 

o .... 

0  .... 

D... 
y 

K... 
«J.... 

H 

I 

J 

K 

L 

M 

N 

(} 

P 


~^ 

~ 

—                - 

3X,  7a5 

1,  43.3.  5 

$5,734 

$10. 160 

$9,967 

$2,0.38 

$2,077 

94.498 

3.  499.  9 

14,000 

24,160 

2-2, 450 

4.152 

4.490 

9«,44x 

3,  57-2.  2 

14.  289 

24, 691 

22,  913 

4,231 

4,  &X1, 

74. 108 

•2,  744.  7 

10, 979 

18,499 

17.  6-22 

3.  3.53 

:i.  526 

.50. -20;]  , 

1,859.4 

7.438 

12,  653 

12.  3-21 

2,  441 

•2.507 

4X,400 

1,79-2.6 

7,170 

1-2,  :<54 

1-2.0.55 

•2.  412 

•2,  471 

XO.  956 

-2, 998.  3 

11,993 

21.  202 

19,770 

3, 759 

4.042 

163.907  1 

6, 070.  6 

24,  282 

47,  778 

42.  070 

7,6-25 

X,  751 

•203.  7-23 

7,  545.  3 

30,1X1 

62. 188 

.5,3,  826 

9,699 

11,350 

244,  547 

9,  057.  3 

:t6.  2*29 

77.  8,56 

66,446 

11.936 

14,1X9 

276,500 

10,  240.  7 

40,963 

90.  505 

76,602 

13,  7-20 

16,  465 

•274,  575 

10, 169.  4 

40.678 

89.662 

75,907 

13,615 

16.  3.-?  1 

253,  o:k) 

9,  371.  5 

37,  486 

81,385 

69,263 

12,444 

14.  8:{8 

•249,250 

9,  231.  5 

:t6,9'26 

79.941 

68, 102 

12,  -240 

14,  578 

•230,203 

8,5*26.0 

:i4, 104 

74.511 

63,273  ; 

11,360 

13,  579 

53.337 

1,975.4 

7,902 

16,085 

14, 127 

2, 595 

2,982 

2.  4.32.  3X9 

90.0XX.3 

360,  354 

743,630 

646,  714  ' 

117.620 
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E)^iinmt€9  of  itouth  jetty — Continued. 


Sertiou. 


[Jo8t  of  material  and 

con8tructiou. 

M 

• 

»- 

es 

C 

Is! 

C  :: 

.a^M 

52 

^ 

p: 

A $12,198  $12,044 

JJ 28,312  26,040 

C 28, 922  27, 495 

1> 21,852  21,148 

E..  15,094  14,828 

F 14,766  14,526 

ii 24,961  23,812 

H 55,403  50,821 

I 71,887  65,176 

J 89,792  80,635 

K 104  225  93,067 

L 103,277  92,238 

M 9:1,829  84.101 

N 92,181  82,680 

O 85,871  76,852 

P 18,680  17,109 

861,250  78.%  472 


Pile  work. 


Jl 

It 

i> 

«M 

^ 

ee 

^ 

« 

.^^ 

s 

oc 

e 

h3 

U 

1,000 

$5,305 

1,000 

5,305 

1,000 

5,305 

1,080 

5,730 

1.000 

5,:M)5 

1,000 

5,165 

1,000 

5,545 

1,000 

5, 475 

1,000 

5,  335 

1,000 

5,265 

1,000 

5, 125 

1,000 

5, 125 

1,000 

5, 125 

1,000 

5,125 

880 

4,511 

200 

1,026 

15, 160 

79,  772 

Treatle  work 
to  reach  inner  end    Total  cosli 
of  jetty. 


• 

1 

1  = 

7,000 

$:rr.  135 

$17. 
Xi, 
34, 
27, 
20, 
19. 
30, 
60, 
77, 
95, 
109, 
108, 
98, 
97, 
90. 
1», 


6C 

s 
e  s 


503 
617 
227 
582 
390 
931 
506 
878 
222 
057 
350 
402 
954 
306 
382 
706 


941, 022    8* 


Summartf  of  estimates  for  south  jetty. 


l,r)35,139  cubic  ftM?t  foundation  niattresseg,  at  6^  cents $9J 

160,960.3  cubic  yai*d8  stone,  at  $4  <>4J 

5,881,072  cubic  feet  construction,  at  "Z  cents 11' 

15,160  linear  feet  pile-work  in  jetty 71 

7,000  linear  feet  pile-work,  at  f5.30i X 

97? 

Add 20  |ier  cent,  for  contingencies,  superintendence,  Ac 19; 

Total  estimated  cost  of  jetty 1, 17: 

If  hearting  mattresses  can  be  used,  the  summary  will  be  as  follows: 

1.535,139  cubic  feet  foundation  mattresses,  at  6|  cents $91 

2,870,320  cubic  feet  hearting  mattresses,  at  6^  cents 18( 

90,088.4  cubic  yards  stone,  at  $4 36( 

6.837,848  cubic  feet  construction,  at  2  cents 13< 

15,160  linear  feet  pile-work  in  jetty 71 

7,fMX)  linear  feet  pile-work  to  reach  jetty,  at  $5.30| 3^ 

Add  20  per  cent,  for  contingencies,  suiMjrintendence,  &c 18< 

Total  estimated  cost  of  jetty l,Os< 
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Estimates  far  north  jetty. 


SeetioB. 


e 
A 
B 
C 
D 
X 
P 
0, 
H. 


a 


1,960 

300 

530 

1,000 

1,000 

1,000 

1.000 

1,000 

300 


8,090 


FoandAtion  mat- 
tresses. 


o 

a 


164,880 

28,350 

62.910 

118,050 

124.320 

134.430 

138,060 

135,840 

30.600 


937,440 


1 


Stone. 


$10, 717 
1,843 
4.089 
7.673 
8,081 
8,738 
8,974 
8,830 
1,989 


60,934 


I 


310,867 
54,500 
199,120 
369,325 
433,180 
510.  505 
552,280 
526,160 
74,000 


3, 030, 027 


O 


ft,  513. 6 

2, 01&  5 

7, 874. 8 

13,678L7 

16,  043. 7 

18, 910. 9 

20, 454. 8 

19, 487. 4 

2, 740. 7 


112, 223. 1 


u 


It 


$46,054 
8,074 
29,499 
54,715 
64,175 
75,644 
81, 819 
77,950 
10,063 


HearUng  mattresses. 


P 


195,846 
34,335 
135, 842 
250,797 
306,564 
875,443 
413, 036 
380,840 
46,620 


448, 893       2, 147, 823 


$12,730 

2,232 

8,880 

16,302 

19.027 

24,404 

26,847 

25,807 

3,090 


139,609 


Stone  when  heartine  mattresses 
areuseiL 


! 


Section. 


• 

A 

B 

C 

D 

I 

F 

0 

«1  ••■••• 


d 


«D 


c 


I 


I 


180,303 
31,610 
108,550 
202,127 
228,804 
260.300 
276.923 
266,600 
42,920 

1,508,146 


6,677.9 

1, 170. 7 

4,  020. 7 

7,486.2 

8, 474. 2 

9,640.7 

10,256.4 

9, 874. 1 

1,589.6 

50, 190.  § 

$26,712 
4,683 
16.083 
29,945 
33.807 
38,563 
41,026 
39,496 
6,358 


Construction  at 
Cost  of  material,   j     two  cents  per 

cubic  foot. 


236,763 


$56,771 
9,917 
33,588 
62,388 
72,256 
84,382 
90,793 
86,780 
12, 952 


509,827 


$50,159 
8,758 
29.002 
53.920 
61,905 
71, 705 
76,847 
73,633 
11,377 


$9,615 

1,657 

5,241 

9,747 

11,150 

12,900 

13,807 

13,240 

2,092 


Total  cost  of  Jetty. 


$10, 821 

1,886 

6,146 

11.419 

13,194 

15, 403 

16,560 

15,836 

2,403 


$66,286 
11, 574 
38.829 
72,135 
83,406 
97,282 
104,600 
100,020 
15,044 


$60,080 
10,644 
35,148 
65,839 
75,090 
87,108 
93,407 
89,469 
13,780 


437,306 


79,349 


93, 668   589. 176  530, 974 


Summary  of  estimates  for  north  jetty. 

937,440  cubic  feet  foandation  mattresses,  at  6^  cents $60, 934 

118,223.1  cubic  yards  stone,  at|4 448,892 

3,967,467  cabicfeet  constraction,  at  2  cents.. 79,349 

589. 175 
Add  20  per  cent,  for  contingencies,  saperintendenoe,  dec 117, 835 

Total  estimated  cost  of  jetty 707,010 

If  hearting  irattresses  can  be  used,  the  summary  will  be  as  follows : 

937,440  cubic  feet  foundation  mattresses,  at  6^  cents |60,934 

8,147,823  cubic  feet  hearting  mattresses,  at  6^  cents 139,609 

59,190.5  cubic  yards  stone,  at  |4 236,762 

4,683,409  cubic  feet  construction,  at  2  cents 93,668 

8,090  linear  feet  pUe- work,  at  |2.20 17,79g 

548,771 
Add  20  per  cent,  for  contingencies,  superintendence,  &o 109, 75i 

Total  estimated  cost  of  jetty ..,,  Q^^t'b^ 

77JB 
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R^UM^  OF  ESTIMATES. 

Foundation  mattresses  and  stone  alone  being  used : 

Southietty : |1,K 

North  jetty 7( 

Add  30  per  cent,  for  probable  changes  in  side  slope 6< 

Add  plant : 

1  tug-boat 120,000 

2  barges,  100  by  40  f.*et 5,000 

CTbarges,  100  by  40  feet ^ 12,000 

4  barges,  80  by  30  feet 2,000 

Platform 1,000 

Total  estimated  cost 2,4J 

Possible  deductions : 
Pile-work,  south  jetty i: 

Total 2,3: 

Foundation  mattresses,  hearting  mattresses,  and  stone  being  used : 

South  jetty $1,0) 

North  jetty 6J 

For  both  jetties 1,71 

Add  for  10  feet  increased  width  of  foundation  mattress,  |2  per  running  foot .  ^ 

Plant 

Total  cost 1,8! 

Possible  deductions : 

Excessive  compression  allowed  in  the  estimate $71, 090 

Pile- work,  if  it  proves  -unnecessary 134, 705 

If  gabions  onhand  be  used 42,726 

2^ 

Aggregate 1,5: 

Estimated  cost  per  running  foot  for  each  foot  depth  of  south  jetty. 


Depth  in  feet. 


1.. 

2.. 

8.. 

4  . 

6.. 

6.. 

7.. 

8.. 

9.. 
10.. 
11  . 
12.. 


FoandAtlon 
mattreMes. 


Hearting 
mattreaHea. 


51 

57 

63 

69 

75 

81 

96 

103 

110 

120 

128 

135 


C 
O 

o 


,8  O 

S  0 


$3  32 
3  71 


10 
49 
88 
27 
6  24 

6  70 

7  15 

7  80 

8  32 
8  78 


5 


7.8 

19.5 

53.4 

84.3 

116.3 

159.6 

.207.2 

275.6 

340.2 

41L8 


cS  » 


^8 


S 


$0  51 

1  27 

3  47 

ft  48 

7  56 

10  37 

13  47 

17  91 

22  11 

26  77 


Stone. 


P 


0.68 
1.20 
1.77 
2.00 
2.57 
2.99 
4.98 
5.91 
a92 
8.01 
9.12 
10  24 


1 

o 


$2  68 
4  80 

7  08 

8  00 

10  28 

11  96 
19  92 
23  64 
27  68 
32  04 
36  48 
40  96 


C9  O 

.*3.a 

at  0 

« 

0 

•2b 

0 

onstr 
cenU 
foot 

U 

$1  88 

1  80 

2  48 

8  31 

4  67 

6  05 

8  60 

10  66 

12  76 

15  91 

18  81 

21  84 

NoTB.— The  height  of  the  Btructnre  ift  1  foot  greater  than  is  shown  in  the  first  coliunn,  this  i 
haying  been  allowed  for  settlement. 
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D. 

ANALYSIS  OF  CURRENT  METER  REPORT  OF  MR.  H.  C.  RIPLEY,  ASSISTANT  ENGINEER. 

Bolivar  Point,  Tex.,  June  30,  1880. 

Captain  :  I  have  the  honor  to  submit  the  following  analysis  of  a  current  meter 

together  wilh  some  remarks  concerning  velocities  of  the  current  daring  the  ebb  and 

flow  of  the  tide. 
It  most  have  occurred  to  every  one  who  has  made  the  subject  of  harbor  improve- 

meotB  a  study  that,  while  the  subject  of  tides,  as  regards  rise  and  fall  and  duration, 

hat  been  exhaustively  investigated  and  discussed,  the  more  important  consideration 

of  relocitiee  has  been  most  woefully  neglected. 
In  the  consideration  of  the  improvement  of  the  entrance  to  a  tidal  harbor  the  most 

important  factor  is  the  velocities  of  the  tidal  currents.  For  the  purpose  of  determin- 
mg  thifl  element  of  tidal  phenomena,  I  have  devised  a  current  meter,  which  is  at- 
tMhed  to  a  self-registering  tide!  gause,  and  by  this  means  a  continuous  record  of  the 
Telocities,  as  well  as  the  nse  and  fall  of  the  tide,  is  obtained. 

The  meter  consists  of  ^  vertical  shaft,  tree  to  revolve  horizontally,  extending  from 
near  the  bottom  up  into  the  house  where  is  placed  the  recording  apparatus.  At  a 
point  on  the  shaft  midway  between  the  bottom  and  the  surface  of  the  water  at  mean 
low-tide,  an  arm  projects  at  right  angles  to  the  shaft,  upon  the  out«r  end  of  which 
isaflftt  disk  or  vane  so  placed  as  to  receive  the  pressure  of  the  current  upon  its  face. 
Near  the  upper  end  of  the  vertical  shaft  are  placed  three  horizontal  circular  disks, 
ipon  the  peripheries  of  which  are  grooves,  which  admit  small  cords,  which  pass 
aionnd  them.  To  two  of  the  cords  are  attached  counter  weights  so  adjusted  as  to 
teod  to  keep  the  arm,  with  its  vane,  at  right  angles  to  the  direction  of  the  current. 
To  the  third  cord  is  attached  a  small  weight,  after  it  has  passed  over  a  pulley  near 
the  recording  apparatus,  and  by  means  of  a  pencil  also  attached  to  this  cord,  and 
moving  along  the  roll  of  pap^r  in  the  recording  apparatus,  the  angular  movement 
of  the  vertical  shaft  is  recorded.  The  record  tnus  made  is  a  curve,  of  which  the 
absciggas  are  in  time,  and  the  ordinates  are  functions  of  the  angular  movements  of  the 
Tertical  shaft.  In  fact  they  are  the  development  of  portions  of  the  circular  disk 
iiooDd  which  the  cord  which  carries  the  pencil  passes,  and  their  lengths  are  deter- 
mined by  the  angular  movements  of  the  vertical  snaft.  It  becomes  necessary,  there- 
in^ to  determine  the  relation  of  the  velocity  of  the  current  to  the  lengths  of  the  ordi- 
BtitM  of  the  meter  curve. 


)rresponding 

We  have  (see  Trautwine,  page  571)— 

V«:V'«  ::F:F 

Bat 

F=—aDdF'  = 


COS  a 


cos  a' 
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Hence 


COS  a    cos  a' 

v«=ri^i°' (1) 

cos  a 
The  size  of  the  circiilat  disk  which  governs  the  movement  of  the  pencil  is  such  that 
a  movement  of  the  vane  .through  an  arc  of  20^  gives  an  ordinate  to  the  meter  curve 
equal  t«  1  inch.    If,  therefore,  we  represent  any  ordinate  of  the  curve  by  a,  and  the 
particular  ordinate  corresponding  to  a'  by  a',  we  shall  have 

a  =  20°  X  a  and  a'  =  20^  X  a'  and  eq.  (1)  becomes 

V2  _  V'-  cos  (20^  X  a)  ,„v 

^  ~~^s(20Oxa'r ^  ^ 

From  a  single  observation,  or  the  mean  of  a  number  of  observations,  we  can  deter- 
mine the  value  of  V,  and  by  noting  the  corresponding  value  of  a'  we  can  reduce  the 
numerator  of  the  second  number  of  eq.  (2)  to  a  constant  of  simple  form.  In  ca«e  of 
the  instrument  now  in  operation, 

V'3co8(20oxa')  =  .642, 
Which  reduces  eq.  (2)  to  the  form 

~cos(20Oxa) ^^ 

It  is  a  simple  matter,  therefore,  to  find  the  value  of  V  from  eq.  (3).  By  finding  the 
value  of  V  for  varioiu)  values  of  a,  we  can  construct  a  scale  by  means  of  which  the 
value  of  V  can  be  determined  at  once  by  taking  the  measure  of  a  from  the  meter  curve 
and  applying  it  to  the  scale.  This  will  give  the  value  of  V  in  feet  per  second  or  miles 
per  hour,  according  ae  V  was  determined  in  feet  per  second  or  miles  per  hour. 

If  a=0  eq.  (3)  becomes 

V^=  -^^^  =  .642 (4) 

cosOo  ^  ^ 

and  V=  .80125  foot  per  second,  which  shows  that  it  requires  a  velocity  of  .80125  foot 
per  second  to  equilibrate  the  counter-weight,  and  hence  any  velocity  smaller  than  A 
of  a  foot  per  second  will  not  be  registered.  In  the  practical  workingof  the  instrument 
a  slight  stretching  of  the  cord  allows  the  pencil  to  move  slightly  to  one  side  or  the  other 
of  the  slack  tide-hne,  and  so  indicates  whether  the  tide  is  running  fiood  or  ebb.  One 
advantage  of  this  meter  is  its  absolute-  freedom  from  an  element  of  friction,  provided, 
of  course,  that  the  friction  of  the  parts  are  not  far  beyond  the  possibilities  of  easy  con- 
struction. As  have  been  shown  by  the  records  of  this  apparatus,  there  is  a  succession 
of  impulses  in  the  current  sufficient  to  overcome  all  ordinary  or  necessary  friction. 
The  meter  curve  is  not  a  closely-defined  line,  but  a  heavy  shaded  one,  showing  a  con- 
tinued oscillation  of  the  vane  through  a  small  arc. 

The  friction  then  would  only  tend  to  diminish  this  oscillation,  and  the  center  of 
the  heavy  shaded  line  would  give  the  absolute  velocity  of  the  current,  the  friction  of 
the  apparatus  having  been  eliminated.  One  disadvantage  of  the  instrument  is  its 
inabibty  to  i-ecord  a  great  range  of  velocities.  To  measure  a  very  small  velocity  it  is 
necessasy  to  increase  the  proportion  of  the  size  of  the  vane  to  the  counter-weights. 
But  for  the  purpose  for  which  it  is  here  used  small  velocities  are  imimportant  so  long 
as  they  are  known  to  be  such. 

Herewith  transmitted  is  a  specimen  of  the  record  for  a  half  nodical  jieriod  frx>m  the 
descending  node  April  21,  6  p.  m.,  to  the  ascending  node  May  4,  9.35  a.  m.  The  record 
for  any  otner  similar  period  gives  a  similar  curve,  although  possessing  peculiarities  of 
its  own.  The  curve  here  presented  is  a  characteristic  one,  and  furnishes  information 
about  the  tides  which  it  would  not  be  easy  to  obtain  by  other  means.  In  discussing 
this  curve,  however,  it  should  be  remembered  that  the  location  of  the  meter  is  not  the 
most  favorable  one  for  obtaininfi;  high  velocities,  and  it  is  possible  that  if  placed  upon 
the  bar  or  in  Bolivar  Channel  tbe  curve  would  show  characteristics  not  shown  in  the 
present  location  of  the  meter.  Its  present  location  is  in  the  bay  at  one  side  of  the 
wharf,  in  about  6  feet  of  water  and  about  200  feet  from  the  shore.  The  current  to 
reach  the  meter  has  to  pass  over  a  shoal  with  but  3  to  4  feet  depth  of  water  and  through 
the  piling  of  the  wharf. 

Atter  making  all  due  allowance,  however,  for  the  defective  location  of  the  meter,  yet 
we  have  an  interesting  and  instructive  record.  It  will  be  seen  that  for  about  one-fifKh 
of  the  time  (near  the  node)  there  is  no  current  exceeding  eight-tenths  of  a  foot  per 
second ;  but  that  midway  between  the  nodes  the  currents  are  much  stronger.  More 
particularly,  however,  will  be  noticed  the  short  duration  and  strength  of  the  ebb  cur- 
rents compared  to  long  duration  and  weakness  of  the  flood  currents.     It  will  further 
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JANUARY,  iS8o. 


Distenoe  traveled  from  all  directions 9,832  m. 

Totalhoora 738 

Mean  velocity  per  hour 13^  m. 

Beooid  of  0  houra  lost 


DUGRIH    OF  WIND  AT  GALVESTON  HARBOR 
TEXAS. 


Ike  fkill  liiw  ahowi  the  quantit;  of  wind,  aad  the  dotted  line  ataows 
Ike  oocrespoadlog  time.  Thu  scale  for  the  wind  is  in  milea  and  for  the 
tbas  is  in  hours ;  the  airontnferenoe  of  the  small  cirole  »t  the  center  of 
the  eompMS  roae  being  the  Eero  of  the  scale. 


FEBRUART,  i88d. 


Distance  traveled  from  all  directions 9,664  m. 

Total  hoars 092 

Hean  Telodty  per  honr '13.90  m. 

Beoord  of  4  hours  lost 


DUGBAH    OF  WIND  AT  GALVflSTON  HABBOB, 
TEXAS. 


Tbt  (loll  line  ihows  the  qaantitr  of  vind,  and  the  dotted  line  ahown 
the  ewTwpondlog  time.  The  scale  for  the  wind  is  in  milefc  aod  for  the 
tiaw  is  in  lioora  i  the  oircnntforeoce  of  the  small  drcle  at  the  oestw  of 
tte  eompass  rose  beings  the  zero  of  the  scale. 


MARCH,  1880. 


tnveled  from  all  directions 12,487  m. 

Totalhonrs '*3 

velocity  per  hour 16^  m. 

Beoord  of  1  hour  tosb 


DIAGRAM    OP  WIND  AT  GALVESTON  HARBOR, 

TEXAS. 


The  ftall  line  shows  the  quantity  of  wind,  and  the  dotted  line  shows 
the  corresponding  time.  The  scale  for  the  wind  is  in  miles  and  for  the 
time  is  in  houri ;  the  circnmference  of  the  small  circle  at  the  center  of 
the  compass  rose  beinj^  the  zero  of  the  scale. 


163  6<^- 

APRIL,  1880. 

Distance  traveled  from  all  directions 13, 814  m. 

Total  hours 720 

Mean  velocity  per  hour 19.18  m. 


DIAGRAM  OP  WIND  AT  GALVESTON  HARBOR, 
TEXAS. 


Tba  fiill  line  shows  tlie  qnantitr  of  viad,  and  the  dotted  line  shows 
the  oorrespondiiig  time.  The  scale  for  the  wind  is  in  miles  and  for  the 
tine  is  in  boon ;  Qie  (»rcninfereiice  of  the  amall  oirole  at  the  oenter  of 
the  ecHnpass  rase  being  the  zero  of  tht  scale. 


INrtADoe  tnnled  from  an  diieotbms U,146m. 

TotiljKNita 732 

boor 15.22  m. 

d  itf  12  hoars  lost 


DIAGRAM    OP  WIND  AT  GALVESTON  HARBOR, 

TEXAS. 


ISie  taXL  line  shows  the  quantity  of  wind,  and  the  dotted  line  shows 
tiia  corresponding  time.  The  scale  for  the  wind  is  in  miles  and  for  the 
time  is  in  hours ;  the  circninference  of  the  small  circle  at  the  center  of 
the  compass  rose  being  the  zero  of  the  scale. 
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JUNE,  1879. 

IMstance  traveled  from  all  directions 10, 280  m. 

Total  hours 695 

Mean  velocity  per  hour    14.8  m* 

Beeord  of  25  houm  lost. 
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DIAGRAM    OP  WIND  AT  GALVESTON  HAEBOR, 
TEXAS. 


Tha  f^U  line  shows  tlie  qnantit?  of  wind,  and  the  dotted  line  showB 
the  oorrespondiug  time.  The  scale  for  the  wind  is  in  miles  and  for  Uto 
time  is  in  hours ;  the  circmnferance  of  the  small  circle  at  the  oeoter  of 
tbe  oompasa  rose  being  (be  xero  of  the  scale. 


JULY,  1879. 

e  traveled  from  all  dlrnctioiiR U,  471  m. 

Total  honrs 724 

Mean  Tetodtiy  per  hour IBMm, 

Itecmtt  of  Mhourn  lout. 


DIAGRAM    OP  WIND  AT  GALVJISTON  HARBOR, 

TEXAS. 


Thib  faXL  line  shows  the  quantity  of  wind,  and  the  dotted  line  shows 
tiie  corresponding  time.  The  scale  for  the  wind  is  in  miles  and  for  the 
time  is  in  hours;  the  circumference  of  the  small  circle  at  the  center  of 
the  compass  rose  being  the  zero  of  the  scale. 
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AUGUST,  1879. 

Distance  traveled  from  all  directions 10, 388  m. 

Total  hours 741 

Mean  velocity  per  hour 14.02  m. 

Record  of  3  hours  lost. 
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DIAGRAM    OP  WIND  AT  GALVESTON  HARBOR, 

TEXAS. 


The  ftdl  line  shows  the  quantity  of  wind,  and  the  dotted  line  shows 
file  corresponding  time.  The  scale  for  the  wind  is  in  miles  and  for  the 
time  is  in  hours ;  the  cironmference  of  the  small  circle  at  the  center  of 
the  compass  rose  being  the  zero  of  the  scale. 


::-.^ia/J 


SEPTEMBER,  1879. 

Distance  traveled  from  all  directions 8,683  \\\, 

TotAl  boon '^2ft 

Mmui  velocity  per  hour \\ 12\1  m 


DIAGRAM    OP  WIND  AT  GALVESTON  HARBOR, 

TEXAS. 


The  fall  line  shows  the  quantity  of  wind,  and  the  dotted  line  shows 
the  oonespondiug  time.  1?he  scale  for  the  wind  is  in  miles  and  for  the 
time  is  in  honrs;  the  circumference  of  the  small  circle  at  the  center  of 
the  compass  it>se  being  the  zero  of  the  scale. 
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OCTOBER,  1879. 

Distance  traveled  from  all  directions 9, 738  m. 

Total  hours 714 

Mean  velocity  per  hour 13.63  m. 

Becora  of  30  hours  lost 


DIAGRAM    OF  WIND  AT  GALYBSTON  HARBOR, 

TEXAS. 


The  fall  line  shows  the  quantity  of  wind,  and  the  dotted  line  shows 
the  corresponding  time.  The  scale  for  the  wind  is  in  miles  and  for  the 
time  is  in  hoars ;  the  circnmference  of  the  small  circle  at  the  center  of 
the  compass  rose  being  the  zero  of  the  scale. 


NOVEMBER,  1879. 

Distance  traveled  from  all  directions 9, 903  m. 

Total  hours  690 

Mean  velocity  per  hour   14.35  m. 

Record  of  30  hourn  lost. 
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DU6RAM 


OF  WIND  AT  GALVESTON  HARBOR, 

TEXAS. 


His  fall  line  shows  the  quantiiy  of  wind,  and  the  dotted  line  shows 
tiie  correspondiag  time.  The  scale  for  the  wiad  is  in  miles  and  for  the 
time  is  ia  hoars ;  the  circamference  of  the  sinall  circle  at  the  center  of 
the  oompass  rose  being  the  zero  of  the  scale. 


DECEMBER,  1879. 

Distance  traveled  from  all  directions 9, 056  m. 

Total  hours 637 

Maao  T^ocitY  per  hour 14.2  m. 

Beoord  of  107  hours  lost 
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DIAGRAM    OF  WIND  AT  GALVESTON  HARBOR, 

TBXAS. 


Hie  taXL  line  shows  the  quantiiy  of  wind,  and  the  dotted  line  shows 
tiie  eorresponding  timo.  The  scale  for  the  wind  is  in  miles  and  for  the 
time  is  ia  hoars ;  the  clrcamference  of  the  small  circle  at  the  center  of 
tiie  compass  rose  beinf^  the  zero  of  the  scale. 
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WHOLE  YEAR.  *      ...•tfw^ 

INstence  traveled  from  all  directions 126,470  m. 

Total  hours 8,546 

)f ean  relooitj^  per  hou  r 14.79  m. 

Beoard  of  238  boars  lost 
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DIAQBAM  OP  WIND  AT  GALVESTON  HARBOR. 

TEXAS. 


The  oidinates  show  the  qnantity  of  wind  in  miles,  and  the  abscissas 
ahow  the  time  in  months. 
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APPENDIX   N.  1221 

b©  observed  that  the  ebb  cnrrent  attains  H«  maximnm  velocity  when  the  tide  haa 
FMMhed  a  stage  about  half  way  between  high  tide  and  low  tide^'and  that  the  current 
continues  strong  until  low  tide  is  reached,  and  that  it  still  continues  running  ebb  for 
a  ehort.  time  (with  less  strength)  after  the  tide  has  commenced  to  rise.  With  regard 
to  the  flood  tide,  it  will  be  seen  that  the  duration  of  high  velocities  is  very  short,  while 
a  moderate  velocity  continues  many  hours.  A  very  interesting  peculiarity  of  the  tidal 
current  is  here  well  illustrated,  and  that  is  the  sudden  changes  in  velocity  which  occur 
repeatedly.  These  pulsations  are  not  confined  to  either  stage  of  tide,  but  are  more 
nnmeroAs  during  flood  than  during  ebb  tide. 

This  same  ]ieculiarity  has  been  noticed  at  San  Francisco  Harbor  by  Lieutenant 
Payiwn.  (See  Report  of  Chief  of  Engineers  for  1878,  Part  II,  page  1317. )  A  curious  and 
somewhat  exceptional  behavior  of  the  tide  is  exhibited  by  the  curve  for  the  29th  of 
April,  at  about  10  a.  m.  The  tide  was  rising  rapidly  when  suddenly  a  strong  ebb  cur- 
TfDt  was  set  up,  \vhich  lasted  for  about  an  hour  without  any  apparent  cessation  in  the 
rising  of  the  tide. 

Very  respectfully,  your  obedient  servant, 

H.  C.  Ripley, 

Asftistant  Engineer. 

Capt.  C.  E.  L.  B.  Davis, 

Corpn  of  Engineers,  U.  S.  J. 


E. 

DUGRAMS    OF    WIND    AT    GALVESTOX    HARBOR,    TEXA8,    FROM    JUNE,    1879,    TO    MAY, 

1880,   INCLU8I\T5. 

The  fall  line  shows  the  quantity  of  wind  and  the  dotted  line  shows  the  correspond- 
i&g  time;.  Th«  scale  for  the  wind  is  in  miles  and  for  the  time  is  in  hours — the  oircum- 
fereuce  of  the  small  circle  at  the  center  of  the  compass  rose  being  the  zero  of  the  scale. 

Upon  the  rectangular  diagram  the  ordinates  show  the  quantity  of  wind  in  miles, 
and  the  abscissas  snow  the  time  in  months. 


REPORT  OF  THE  BOARD  OP  ENGINEERS. 

Army  BurLDiNa, 

Netc  York,  June  7,  1880. 

Generax.  :  By  department  letter  of  March  30, 1880,  there  were  trans- 
mitted to  the  Board  constituted  by  Special  Orders  63,  Headquarters 
Corps  of  Engineers,  series  of  1879,  for  its  consideration  in  connection 
with  the  recommendations  made  in  its  report  of  August  9,  1879,  upon 
Gralveston  Harbor  piers.  Major  Mansfield's  letter  of  March  25,  1880, 
and  that  of  his  assistant,  Mr.  Eipley,  of  March  22,  setting  forth  and 
recommending  a  method  for  disposing  of  all  cement  gabions  now  on 
hand.  This  reference  virtually  opens  the  whole  question  of  the  improve- 
ment of  the  entrance  to  Galveston  Harbor,  and  involves  an  analysis  of 
the  methods  hitherto  used  in  constructing  the  piers,  as  well  as  determi- 
nate recommendations  as  to  processes  advisable  for  their  future  con- 
straction. 

The  project  for  improving  the  entrance  to  Galveston  Harbor,  Texas, 
as  devised  by  Major  Howell  in  1*873,  had  for  its  object  the  removal  of 
the  inner  bar  between  Fort  Point  and  Pelican  Spit,  and  deepening  the 
outer  or  Gulf  bar  from  12  to  18  feet,  possibly. 

The  first  he  proposed  to  effect  by  continuing  the  city  dike  to  the  north- 
east to  the  verge  of  the  Bolivar  or  Cylinder  Channel,  thus  causing  a 
contraction  of  the  water-way  over  the  inner  bar,  sufficient  to  remove  it 
by  the  scouring  process.  The  second,  by  prolonging  this  dike  directed 
seaward  to  the  outer  slope  of  the  Gulf  bar,  and  by  constructing  a  simi- 
lar and  parallel  dik^  from  Bolivar  Point  seaward. 

As  there  were  at  that  time  no  stone  quarries  opened  or  known  m 
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Texas,  accessible  by  railroad  or  by  navigable  water  routes,  and  as 
portation  from  the  north  was  very  costly,  Major  Howell  devised  ani 
posed  the  use  of  a  gabion,  covered  on  the  inside  and  outside  wij 
draulic  cement,  to  be  filled  with  sand,  to  take  the  place  of  stone ' 
construction  of  the  projected  piers.    He  thus  describes  his  sysl 
his  report  of  December,  1873 : 

The  jetties  are  to  be  made  of  cemeut-covered  gabions.     The  gabions  are 
feet  in  diameter  and  6  feet  high,  two  rows  in  each  jetty ;  aU  to  be  fastened  to| 
by  copper  wire  at  the  tops,  and  filled  with  sand  by  a  dredge-boat  alongside 
are  placed  in  position.    They  may  be  called  submerged  jetties,  since  they  will 
cept  on  a  short  portion  of  their  lines,  be  built  up  to  the  plane  of  mean  low  tide, 
for  the  greater  part  their  tops  will  be  5  or  6  feet  below  that  plane. 

The  present  area  of  discharge  over  the  bar  is  411,184.25  square  feet.    The  coni 
area  will  be  274,112  square  feet,  the  former  measured  along  the  crest  of  the  ba4 
the  latter  along  the  jetties  and  that  portion  of  the  crest  between  them.  j 

The  jetties  are  expected  to  act  as  training- walls  for  the  lower  ebb  current,  ij 
the  upper  will  pass  over  them.    They  are  calculated  to  give  a  depth  on  the  ontei| 
of  between  18  and  19  feet,  and  at  the  same  time  only  confine  and  direct  so  much  ol| 
ebb  and  flood  currents  as  may  be  useful,  thus  preventing  as  great  advance  of  th^j 
gulf  ward  as  might  be  expected,  were  the  jetties  built  up  to  the  plane  of  mean  | 
tide ;  further,  makin^^  them  less  exposed  to  the  destructive  actiob  of  storms,  git 
them  less  weight  to  sink  them  into  the  unstable  material  offered  for  a  foundation,  i 
making  them  less  expensive.  j 

It  is  thought  these  jetties  will  serve  to  catch  the  drifting  sand  brought  by  the  litto 
currents  until  they  are  covered  by  it,  and  that  afterwards  the  sand  will  be  carfl 
over  them  rather  than  around  their  ends. 

This  project  referred  in  January,  1874,  by  the  Chief  of  Engineers 
consideration  and  report  to  a  special  Board  (S.  0. 9, 1874)  wasapprovj 
as  to  the  general  plan,  though  doubts  were  expressed  as  to  the  su< 
fill  use  of  the  ceinenteu  gabion — the  specialty  of  the  project.  (See  rep 
dated  January  31,  1874.)  In  fact,  it  was  not  thought  that  the  gabi< 
would  be  a  success  unless  covered  by  drift  sand,  as  anticipated  by  MajO 
Howell.  As,  however,  economy  of  construction,  the  apparent  merit  c| 
the  proposed  plan,  depended  upon  the  use  of  the  gabion,  its  trial  wai 
recommended,  first,  in  the  Fort  Point  Jetty,  commencing  at  its  juntj 
tion  with  the  city  dike,  afterwards  on  the  shore  end  of  the  Bolivar  Jettyi 
and  finally  in  the  construction  of  300  to  500  feet  of  its  outer  end  on  th^ 
most  exposed  portion  of  the  Gulf  Bar. 

The  first  trial  of  the  cemented  gabions  was  made  in  November,  1874, 
nineteen  of  which  were  set  in  prolongation  of  the  city  dike.  These  were! 
exposed  to  a  severe  storm  during  the  4th,  5th,  and  6th  days  of  Decem- 
ber, without  being  displaced  or  injured.  In  fact,  they  were  nearly  buried 
by  drift  sand.  The  engineer  in  charge  of  the  construction  looked  upon  ! 
this  test  as  establishing  the  gabion  structure  as  a  success,  and  in  conse- ; 
quence  the  subject  was  referred  back  to  the  Galveston  Harbor  Board 
for  their  opinion  thereon.  That  Board^  however,  did  not  regard  the  test 
sufficient,  and  therefore  reiterated  their  opinion  that  the  full  trials  rec- 
ommended in  their  report  of  January,  1874,  should  be  carried  out. 

From  December,  1874,  until  the  14th  of  September,  1875,  work  on  the 
Fort  Point  jetty  was  continued  under  the  direct  and  active  supervision 
of  Lieutenant  Quinu,  during  which  time  530  gabions  were  placed,  and 
about  1,200  feet  length  of  breakwater  constructed.  It  was  found  neces- 
sary to  place  the  gabions  in  two  rows,  connected  by  cross- walls  and  sup- 
ported on  the  channel  side  by  frequent  short  spur-dikes. 

Thus  placed,  drift  sand  was  collected  and  undermining  prevented ;  but 
the  system  consumed  nearly  as  many  gabions  as  four  rows  side  by  side 
would  have  done. 

It  was,  however,  a  difficult  position  in  many  respects,  and  especially 
on  account  of  the  rapid  rush  of  the  current  along  the  inner  face  of  the 
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breakwater;  and  to  these  adverse  couditions  the  large  number  of  gabions 
used  and  greater  cost  of  structure  were  due — conditions  against  which 
it  would  have  been  necessary  to  provide  had  any  other  kind  of  break- 
water been  attempted  in  that  position. 

The  almost  unprecedented  gale  of  the  14th,  16th,  and  16th  of  Septem- 
ber, 1875,  destroyed  nearly  all  the  plant  and  material  on  hand,  causing 
a  loss  estimated  at  $50,000.  Some  marked  changes  in  shore  lines  and 
channels  were  pix)duced  by  the  storm,  a  large  portion  of  the  city  dike 
destroyed,  and  all  more  or  less  damaged. 

In  December  following  the  project  of  the  Galveston  imi>rovement  was 
referred  back  to  the  Board  for  reconsideration,  and  for  modification 
should  it  be  deemed  necessary,  in  view  of  the  damages  and  changes 
produced  by  the  gale.  It  appeared,  however,  from  examination  that  the 
gabiounade  thus  far  built  had  been  entirely  covered  with  drift  sand  and 
had  thus  esca])ed  injury,  and  that  no  changes  had  occurred  in  channels, 
shore  lines,  &c.,  of  sufficient  importance  to  necessitate  any  change  in  the 
project  or  methods  of  construction.  The  Board  therefore  advised  no 
modification  of  plan,  but  reiterated  their  former  recommendation  in  ref- 
erence thereto.  Though  the  test  of  the  gabion  had  been  satisfactory  so 
far  as  applied,  they  were  careful  to  say  that  it  "  should  not  be  adopted 
definitively  for  the  main  works  ^  until  subjected  to  all  the  tests  prescribed 
in  their  previous  reports,  adding  their  opinion  that — 

The  use  of  theae  gabions  in  exposed  situations  can  be  attended  witL  success  only  in 
ca«e  they  shall  be  soon  covered  by  tbe  drifting  sands,  so  as  to  protect  them  from  in- 
jury from  the  continued  action  of  waves,  from  the  shock  of  floating  bodies,  and  from 
all  other  canses  which  might  tend  to  disrupt  them  and  allow  their  sand  filling  to  es- 
cape. When  so  protected  they  wiU  form  a  nucleus  for  the  sand  ridges  as  stable  and  as 
permanent  as  if  of  stone  or  concrete.  But  if  not  so  protected,  these  gabion  structures 
Trill  be  constantly  liable  to  injury  and  in  time  to  decay,  when,  losing  their  sand  tilling, 
the  stnicture  would  soon  be  waahed  away.  That  the  proposed  jetties  will  be  so 
covered  seems  probable,  but  can  be  determined  only  by  trial  such  as  we  have  recom- 
mended. 

In  the  spring  of  1876,  the  plant  destroyed  by  the  storm  of  September, 
1875,  was  replaced  and  a  new  depot  on  Bolivar  Point  established,  where 
large  quantities  of  material  were  collected  and  prepared  for  resuming  the 
the  construction  of  the  jetties. 

The  expenditures  for  the  above  purposes  consumed  the  balance  of  the 
second  appropriation  and  caused  cessation  of  work  early  in  July.  With 
the  third  appropriation,  which  did  not  become  fully  available  until  Feb- 
ruary 2i,  1877,  the  city  dike,  destroyed  by  the  gale  of  1875,  was  restored 
and  \,000  feet  length  of  the  Fort  Point  gabiounade  constructed.  This 
south  dike  was  thus  prolonged  to  the  verge  of  Bolivar  Channel  as  far 
north  as  it  was  intended  to  reach.  As  was  anticipated,  its  construction 
contracted  the  water-way  between  Fort  Point  and  Pelican  Spit  Shoals, 
and  thus  caused  the  scouring  away  of  the  inner  bar  to  a  depth  of  20  feet 
at  mean  low-tide. 

Simultaneously  with  resumption  of  work  on  the  south  pier  the  Bolivar 
Point  jetty  was  commenced  at  its  inshoi'e  end,  and  for  a  length  of  513 
feet  was  formed  with  a  double  row  of  piling.  This  piling,  however,  in 
spite  of  all  efforts  made  to  save  it  by  ballast  thrown  in  along  its  base, 
was  undermined  and  washed  away  by  the  gale  of  the  following  Septem- 
ber, 1877. 

The  gabiounade,  which  had  also  been  commenced  in  prolongation  of 
the  pile  structure,  withstood  the  storm.  Gabions  12  feet  long,  6  feet  wide 
6  feet  deep,  with  semi-circular  ends,  were  placed  lengthwise  in  a  single 
row  at  first  upon  the  sand  bottom,  afterwards  upon  reed  mats  about  3 
inches  thick,  giving  an  aproii  6  feet  wider  on  either  side  than  t\i^  ^ 
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hionnade.  This  apron  was  ballasted  by  concrete  blocks.  The  j 
thus  formed  up  to  June  1, 1879,  had  been  extended  seaward  to 
tance  of  about  7,000  feet,  and  included  the  placing  in  position 
gabions. 

That  the  system  of  construction  adopted  for  the  Galveston  jetti 
carried  out  up  to  that  date  had  not  proved  satisfactory  in  its  a 
tion  to  the  Bolivar  pier  was  evidenced  by  the  recommittal  of  the 
ject  for  consideration  and  report  June  3, 1879,  Special  Orders  63, 
quarters  Corps  of  Engineers,  to  the  same  Board  of  officers  (excel 
only  one  member)  as  that  originally  ordered  thereon.    Three  and  ^ 
years  had  elapsed  since  their  last  meeting,  during  which  i>eriod  the  | 
ress  already  detailed  was  made  on  the  piers.    From  Major  Howe^ 
member  who  had  been  in  general  charge  of  the  work  from  its  incep^ 
it  was  ascertained  that  the  gabions,  wherever  placed  directly  om 
sand  without  intervention  of  mattresses,  had  already  sunk  from  one! 
to  two-thirds  of  their  height,  below  the  bottom  level ;  that  they  | 
not  caused  any  permanent  collection  of  drift  sand  on  the  north  si 
had  been  anticipated;  but  that,  for  the  portion  of  the  length  laid  w 
crossed  the  swash  channel,  the  process  had  been  one  of  undermi 
on  the  south  side,  the  water  having  deepened  from  9  to  12  feet.    This  um 
mining  process  let  the  gabions  down  so  that  they  projected  but  a  li , 
above  the  sand  bottom.    It  also  appeared  that  of  the  637  gabicms  plaoi 
about  one-sixth  part,  had  been  broken  up,  leaving  large  gaps  in  the  pi^ 
Msyor  Howell  attributed  their  destruction  in  part  to  the  fact  that  maT 
of  them  had  been  kept  on  hand  between  one  and  two  years  before  th 
were  put  into  the  water,  and  that,  in  consequence,  the  wood  of  which  th< 
were  made  being  partially  decayed  had  lost  its  strength ;  and  farth 
that  many  of  the  gabions  thus  destroyed  were  not  entirely  filled  wi 
sand,  and  did  not,  therefore,  attain  their  full  weight  and  stability. 

The  Board  fully  comprehended  the  difficulties  of  the  position  and  till 
unfavorable  circumstances  attending  the  construction,  and  the  magnii 
tnde  of  the  enterprise — the  building  of  7  miles  of  piers  into  the  Oalf  dl 
Mexico,  in  waters  varying  from  5  to  18  feet  depth,  mostly  covered  bjli 
breakers  with  every  high  wind  from  northeast  around  to  southwest.  It| 
seemed  to  them  that  any  methods  of  construction  departing,  with  m 
view  to  economy,  from  the  hitherto  established  modes  would  have  been 
attended  with  delays,  reverses,  and  losses.  Yet  the  fact  remained  thai 
one-sixUi  part  of  the  pier  had  been  destroyed,  and  though  defects  in 
construction  might  in  part  account  for  the  magnitude  of  the  loss,  the 
Board  saw  in  it  the  confirmation  of  their  original  opinion  that  the 
gabion  would  not  prove  strong  enough  to  endure  the  continuous  shock 
of  waves  and  breakers,  and  that  it  would  eventually  be  disrupted,  lose 
its  sand  filling,  and  be  scattered  unless  covered  by  sand  drift.  As  no 
member  of  the  Board,  however,  had  seen  the  work  in  progress,  as  they 
were  not  satisfied  that  the  gabion  had  been  tried  in  the  b^t  manner  on 
the  Bolivar  pier,  they  concluded  not  to  condemn  the  system  irrevocably 
without  personal  examination  and  without  being  sure  that,  profiting  by 
the  experience  gained,  the  causes  of  the  parti^  failure  which  had  oc- 
curred on  the  Bolivar  pier  might  not  be  met  and  remedied.  As  a  large 
number  of  gabions  were  on  hand  it  was  thought  advisable  to  strengthen 
them  by  additional  braces,  and  to  try  a  variety  of  methods  of  placing 
them  before  pronouncing  finally  upon  their  success  or  failure.  It  did 
not  seem  impossible  that  they  might  be  so  arranged  as  to  cause  the  col- 
lection of  drift-sand  and  thus  protect  themselves. 

The  Board,  therefore,  in  conclusion,  advised  that  Major  Howell  con- 
struct no  more  gabions,  but  strengthen  those  on  hand  and  place  them 
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IB  the  pier  according  to  the  different  methods  suggested,  causing  close 
oi)8ervatio&8  to  be  made  with  a  view  to  determine  the  cause  of  the  fail- 
ure of  those  that  might  be  destroyed  and  to  gather  such  other  experi- 
OTce  as  would  enable  them  to  judge  of  the  system  after  the  trial.  They 
also  suggested  the  trial  of  the  6utch  system  of  jetty  constniction,  of 
alteroate  layers  of  brush  mattresses  and  stone,  provided  stone  could  be 
obtained  from  the  Trinity  or  San  Jacinto  rivers  above,  or  from  any 
other  source  more  cheaply  than  concrete  could  be  made.  If  not,  that 
concrete  in  blocks  or  in  bags  should  be  used. 

The  Board  were  desirous  to  ascertain  the  cost  of  this  method  as  com- 
pared with  others,  also  if  the  small  stone  or  concrete  blocks  would  so 
far  maintain  their  position  in  the  jetty  under  the  shocks  of  the  frequent 
storms  of  this  coast,  as  to  make  the  construction  a  success.  (See  Be- 
port  of  August  9,  1879.) 

From  information  derived  since  the  date  of  onr  last  report  through 
General  Gillmore,  who  visited  Galveston,  in  December,  1879,  and  from 
various  reports  made  by  the  assistants  on  the  work,  it  appears  that 
from  June  1  to  December,  1879,  289  gabions  were  placed  in  the  Bolivar 
pier,  but  that  they  were  in  no  manner  strengthened  before  being  used. 
Ten  of  these  gabions  were  set  ci'osswise,  twenty  in  two  rows,  side  by 
side,  twenty-eight  in  a  detached  row  slightly  oblique  to  the  main  line 
m'th  which  it  was  connected  by  a  spur  of  ten  gabions,  and  that  of  the 
whole  number  laid,  sixteen  had  been  destroyed. 

Captain  Davis's  rei)ort6  showed  that  frt)m  its  commencement,  April 
14, 1877,  to  January  1, 1880,  the  Bolivar  pier  had  been  extended  sea- 
ward from  the  beach  10,220  feet,  513  of  which  in  shore  had  been  a  pile 
construction,  and  9,707  feet  a  gabionnade.  The  latter  was  formed  of  922 
gabions  placed,  with  the  few  exceptions  above  enumerated,  lengthwise 
in  a  single  row.  About  one-third  of  these  gabions  were  placed  directly 
upon  the  sand  bottom,  the  other  two-thirds  upon  thin  mats,  as  already 
described. 

Of  these  gabions,  98  have  wholly  disappeared,  17  have  broken  away 
from  bottoms,  3  have  lost  their  tops  and  part  of  their  sides,  7  have  lost 
their  tops,  4  tops  loosened  when  last  examined. 

Seventy-five  of  the  above  have  been  replaced.  Examinations  made 
from  time  to  time  to  determine  the  positions  of  the  gabions  showed  some 
lateral  displacement,  and  incidentally  a  large  amount  of  settling.  It 
does  not  appear  that  the  supple  mats  upon  which  the  greater  portion  of 
the  gabions  rested  prevented  in  any  wise  their  sinking  into  the  sand,  as 
those  set  in  place  in  the  summer  of  1879,  by  reports  rendered  soon  after, 
bad  settled  very  rapidly  and  seemingly  to  their  full  depth  below  the 
bottom.  It  is  apparent  that  the  mats  were  neither  wide  enough  nor 
solid  enough  to  be  of  any  avail.  The  accompanying  sketches  1  and  2 
show  the  lateral  and  vertical  disturbances  of  the  gabions  in  the  Bolivar 
pier  so  fru*  as  examinations  have  determined.  Captain  Davis's  letter  of 
March  7, 1880  (Appendix  A)  gives  some  interesting  data  connected  with 
tke  construction  of  the  gabionnade,  the  examinations  made  thereof  from 
time  to  time,  the  extent  of  the  injuries  it  received,  its  subsidence  and  its 
probable  condition.  It  also  furnishes  an  account  of  the  trial  of  mat- 
tresses sunk  last  winter  in  or  near  the  inshore  part  of  the  Bolivar  pier. 
Though  but  16  of  the  242  gabions  placed  in  the  extension  of  the  Bol- 
ivar pier  between  June  30  and  December  1, 1879,  had  been  damaged  or 
destroyed  at  the  date  of  their  last  examination,  yet  10  of  the  last  38  laid 
in  October  and  November  had  disappeared.  These  latter  were  placed 
in  a  greater  depth  of  water  and  were  exposed  to  gi^eater  wave  action 
thiui  those  nearer  the  shore  And  to  storms  before  much  subsidence  Yv^A. 
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occurred.  It  appears  from  the  testimony  of  Captain  Davis  that  all  of 
the  above  gabions,  after  the  lapse  of  two  or  three  months,  had  settled 
down  below  the  original  bottom  level  nearly  to  their  own  height  (6  feet), 
and  were  subjected  thereby  to  some  lateral  displacement  and  were  much 
inclined  lengthwise  and  side\vise.  It  il  probable  that  in  this  process  of 
settling  those  that  had  disappeared  were  strained  and  broken,  while 
those  remaining,  having  attained  their  final  subsidence,  were  partially 
buried,  and,  thus  protected  from  wave  action,  become  immovable.  It 
certainly  does  appear  that  if  we  exclude  the  great  lo^s  of  July  and  Au- 
gust, 1878,  and  of  those  of  October  and  November,  1879,  the  percentage 
of  gabions  destroyed  has  been  very  small.  We  cannot,  however,  infer 
from  the  foregoing  that  the  gabion  as  constnicted — a  shell  of  wicker- 
work  cemented  on  the  inside  and  out,  with  a  total  thickness  of  about 
(>  inches  and  filled  with  sand — is  strong  enough  to  endure  perpetual  ex- 
posure to  wave  action  in  this  locality,  unless  it  acquires  stability  and 
protection  either  by  sinking  down  partially  into  the  sand  or  by  being 
partly  covered  by  sand  drift.  It  has  failed,  however,  as  applied  Sn 
the  Bolivar  jetty,  to  gather  sand-drift  and  to  constitute  a  pier.  In  fact, 
the  gabionnade  has  essentially  gone  down  below  the  original  bottom. 
The  matting  used  proved  an  insufiicient  base  for  the  gabions  and  thej 
have  disappeared  as  loose  stone  would  have  done  had  they  been  used  in 
.  their  stesul.  It  is  doubtful  if  their  projection  above  the  bottom  is  suf- 
ficient to  give  any  sensible  contraction  of  water-way.  What  might  have 
been  the  result  had  the  gabions  been  placed  upon  an  unyielding  plat- 
form wide  enough  to  have  prevented  the  process  of  undermining,  there 
are  no  facts  to  determine.  Had  they  been  placed,  as  at  Fort  Point,  in 
two  rows,  with  cross-walls  and  lateral  spurs,  they  might  possibly  have 
gathered  sand  and  thus  formed  a  pier;  but  the  structure  would  have 
lost  the  special  merit  claimed  for  it — simplicity  and  economy. 

The  effect  of  the  works  at  Galveston  has  been  to  remove  the  inner 
and  to  naiTow  the  outer  bar,  measured  between  the  18-foot  bottom 
curves  about  2,000  feet.  This  last  result  may  have  been  entirely  pro- 
duced by  the  repairs  of  the  city  dike  and  its  prolongation  as  a  gabion- 
nade nearly  half  a  mile  in  a  northeast  direction.  The  contraction  of  the 
outlet  resulting  therefrom  would  concentrate  the  outflowing  water,  in- 
crease its  velocity  and  its  living  force,  and  hold  it  together  against  dis- 
persive forces  to  a  greater  distance  from  the  shore  line,  and  thus  effect 
some  scouring  on  the  inner  slope  of  the  bar.  If  the  Bolivar  pier  had 
any  effect  in  narrowing  the  outer  bar,  such  result  must  have  been  very 
small,  as  its  progressive  sections  by  rapid  subsidence  soon  ceased  to  be 
any  obstacle  to  prevent  the  dispersion  of  the  outflowing  current  in  that 
direction.  The  results  produced,  however,  are  quite  sigificant,  and  seem- 
ingly promise  from  the  submerged  jetties,  w^hen  completed,  all  the  depth 
over  the  bar  anticipated. 

It  is  now  proposed  by  Major  Mansfield,  who  has  recently  relieved 
Major  Howell  of  the  charge  of  all  the  works  of  improvement  on  the 
Texas  coast,  to  utilize  the  340  gabions  on  hand  to  construct  a  part  of 
the  south  jetty  from  a  to  6,  a  length  of  4,080  feet  (see  accompanying 
map  1).  The  intention  is  to  place  them  on  mattresses  30  feet  long,  placed 
across  the  line  so  as  to  project  12  feet  on  either  side  of  the  row  of  ga- 
bions. The  above  recommendation  seems  to  be  made  in  the*  hope  that 
this  position,  for  special  reasons,  is  favorable  to  the  collection  of  drift- 
sand,  and  that  in  consequence  the  gabionnade  will  be  covered  and  pro- 
tected. Should,  however,  the  waves  and  currents  prove  adverse  to 
such  collection,  and  the  structure  in  that  sense  be  a  failure,  it  is 
claimed  that  the  ^'mattresses  and  liprap  can  be  utilized  as  a  lower 
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course  in  constmcting  a  stone  jetty/'  and  the  loss  incurred  will  be  simply 
the  cost  of  placing  and  filling  the  gabions. 

In  the  winter  of  1879-'80  (December,  January,  and  February),  an  ex- 
periment was  made  at  Galveston  with  mattresses,  as  shown  in  sketch  3. 
Commencing  near  the  inshore  end  of  the  Bolivar  pier,  mattresses,  formed 
of  cane  and  brush,  1  foot  thick,  and  mostly  18  feet  wide  and  30  feet 
long,  were  laid  for  nearly  half  a  mile  in  length,  partly  in  four  rows  side  by 
side,  but  for  the  greater  portion  in  two  rows,  the  seaward  end,  however, 
consisting  of  a  single  row  only.  They  were  held  in  place  by  concrete 
blocks  with  an  average  weight  to  the  square  foot  of  surface  of  about  21 
pounds.  The  cross-sections  of  sketch  noticed  in  reference  to  the  order 
in  which  the  different  sections  were  placed  show  some  disturbance  of 
the  bottom  level,  with  but  slight  accumulation  of  sand,  and,  as  Captain 
Davis  says  in  his  report,  "  no  tendency  to  env^elop  the  mattresses  with 
it"  All  the  experiments  that  have  been  thus  far  tried  on  the  line  of  the 
nortli  jetty  give  no  evidence  that  sand  will  accumulate  around  any  ob- 
struction to  currents  and  waves  that  may  be  put  upon  the  sea  bottom 
in  that  locality. 

The  trial  made  last  winter  of  the  mattress  30  feet  wide  and  60  feet 
long  on  the  north  pier  line,  does  not  indicate  that  it  will  prov^e  a  suitable 
base  for  the  gabion  to  stand  upon,  nor  a  sufficient  foundation  either  for 
a  stone  enrockment  or  for  a  mixed  stone  and  fascine  jetty.    If  put  down 
in  the  south  jetty  from  a  to  6,  in  from  8  to  11  feet  of  water,  it  may  be 
undermined  and  drop  the  gabions  resting  upon  it  down  into  a  trench,  as 
they  settled  in  the  north  pier  on  the  18-foot  mattresses.    In  truth  such 
result  would  naturally  be  looked  for  unless  the  wave  and  current  action 
at  this  locality  prove  exceptional.    All  the  expeoience  thus  far  gained  on 
the  Galveston  jetties  shows  that  the  base  assumed  for  them  has  been  too 
narrow  and  unsubstantial.    The  first  success  at  Fort  Point  seems  to  have 
been  dne  to  the  placing  of  one  row  behind  another,  with  frequent  walls 
uniting  them  and  spur-dikes  to  prevent  the  undermining  j)rocess.    Be- 
sides, at  that  position,  there  was  an  undoubted  tendency  to  the  collection 
of  sand  drift  coming  in  from  the  southwest. 

Experience  in  building  the  north  pier  of  the  harbor  at  the  mouth  of 
the  North  Sea  Canal  with  large  stones  and  concrete  blocks,  developed 
the  necessity  for  a  wide  base  on  which  th^y  should  rest.  The  width  of 
enrockment  finally  adopted  for  that  purpose  was  100  feet.  The  base 
of  the  Maas  jetty,  Holland,  was  made  50  meters  wide.  The  timber, 
brush,  and  stone  apron  used  as  a  basis  for  the  dike  closing  New  Inlet, 
between  Federal  Point  and  Zeke's  Island,  near  the  mouth  of  Cape  Fear 
River,  North  Carolina,  varied  from  40  to  70  feet  in  width.  There  was 
a  scouring  effect  produced  in  advance  during  the  laying  of  this  apron, 
which  dropped  it  down  about  3  feet  below  the  original  bottom.  There 
was  also  scouring  on  either  side,  which  required  stone  to  be  thrown  in, 
widening  the  base  largely  as  the  dike  was  raised.  The  scouring  was 
evidently  due  to  the  overfall  and  not  to  parallel  currents.  It  should  be 
remark^  in  this  connection  that  the  current  through  New  Inlet  was  a 
rapid  one.  The  Charleston  submerged  jetty  is  an  apron  similar  to  that 
used  at  New  Inlet,  North  Carolina,  for  the  base  of  the  closing  dike,  and 
as  far  as  it  has  been  put  down  has  varied  in  width,  according  to  depth 
oi  soundings,  from  43  to  113  feet. 

CONCLUSION. 

From  the  foregoing  it  would  appear  that  a  substantial  base  from  50 
to  100  feet  wide^  varying  with  depth  of  soundings  and  charactemWii^ 
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of  the  position,  will  be  required  for  the  Galveston  submerged  jettie 
whatever  may  be  the  method  of  construction  determined  upon. 

On  the  north  pier  7,000  linear  feet  were  put  down  apparently  on  th 
assumption  that  the  success  of  the  system  hail  been  established  at  Foi 
Point,  and  hence  with  insufficient  examinations  to  determine  whether  c 
not  the  structure  was  fulfilling  the  end  designed.  This  error  should  nt 
be  repeated  on  the  south  pier  by  laying  a  section  4,080  feet  long  on 
mattress  but  30  feet  wide,  as  proposed.  If  such  exx)eriment  is  to  I 
made  at  all  (and  we  have  little  faith  in  the  sufficiency  of  the  30-fo« 
mattress,  or  expectancy  that  the  gabion  will  be  covered  with  drift  sand 
it  would  be  judicious  to  limit  it  to  a  length  of  200  feet,  and  to  test  it  by  oi 
season's  exposure.  We  are  of  opinion,  however,  that  it  would  be  bett« 
without  more  delay  to  adopt  a  wider  and  more  substantial  bavse  for  tl 
trial — one,  for  example,  shown  on  attached  sketch  A. 

The  estimate  of  the  Board  for  this  base  is  but  $13.23  per  linear  foe 
The  amount  of  stone  or  concrete  allowed  for  may  seem  too  small,  b' 
the  weight  of  the  gabion  will  be  sufficient  to  hold  the  raft  down.  Ev« 
should  more  blocks  be  needed,  the  estimate  will  scarcely  exceed  $20  i> 
running  foot.  It  has  been  assumed  that  logs  and  brush  or  cane  are 
be  readily  and  cheaply  obtained  in  the  vicinity. 

We  prefer  stone  to  concrete  as  ballast  for  the  raft,  and  if  it  can  I 
obtained  in  the  vicinitj^  it  will  be  the  less  costly  of  the  two  material 
It  can  probably  be  procured  from  northern  ports  for  $5  per  cubic  yar 
Small  stone  will  pack  well  thrown  upon  the  brush  of  the  raft,  and 
filled  with  sand  and  covered  with  sea-shells  before  being  displaced  I 
violent  storms,  will  make  a  solid  ma^s.  Even  should  concrete  blocl 
be  laid  upon  the  mattresses  as  represented  on  the  drawing,  it  would  1 
well  to  fill  in  between  with  small  stones. 

Concrete  can  probably  be  made  of  Eosendale  or  Saylor's  Portlar 
cement  at  $6  per  cubic  yard,  as  will  appear  from  the  following  estimat* 

300  pounds  Saylor's  cement  at  .8  cent $2 

8  cubic  feet  river  sand  (dense),  at  9  cents. 

24  cubic  feet  river  gravel  (dense),  at  9  cents 2 

Making,  including  ramming  and  molding 

Cost  for  one  cubic  yard 6 

The  method  of  construction  shown  in  sketch  A  may  be  varied  I 
placing  the  gabion  lengthwise  instead  of  crosswise  on  the  grillage,  an 
by  giving  the  mattress  on  either  side  of  it  a  greater  thickness  and  co^ 
ering  it  entirely  with  stone  with  a  view  t«  greater  solidity  and  to  tl 
collection  of  drift  sand.  This  project  is  proposed  simply  to  take  tl 
place  of  that  submitted  by  the  local  engineer  at  Galveston  for  utilizin 
the  gabions  on  hand,  and  it  is  understood  that  no  more  gabions  are  1 
be  constructed.  Its  merit  consists  in  the  solidity  of  the  raft  itself,  $ 
that  should  the  gabions  break  up,  additional  stone  thrown  in  won) 
convert  the  structure  into  a  serviceable  jetty. 

Sketch  B,  annexed,  shows  a  solidly  made  mattress  with  60  feet  bai 
and  with  an  average  thickness  of  about  3  feet.  It  is  covered  with  coi 
Crete  blocks,  but  stone  would  be  better  as  more  dense  and  less  liable  1 
be  removed  by  the  waves.  The  structure  will  require  to  be  strong! 
bound  together  to  resist  breaking  while  being  towed  to  its  positioi 
The  thickness  of  the  mattress  itself,  as  well  as  of  the  stone  coverini 
should  vary  with  the  depth  of  water  in  which  it  is  to  be  sunk,  and  tt 
exposure  of  the  position.  It  is  possible  that  the  annexed  estimate  f( 
this  structure  is  too  small,  and  that  the  difficulties  and  delays  of  placin 
it  in  the  open  Gulf  will  much  increase  its  cost.  It  would  scarcely  I 
safe,  therefore,  to  estimate  it  at  less  than  $40  per  linear  foot. 
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We  further  submit  for  trial  the  methods  of  construction  represented 
by  sketches  C  and  D,  annexed.    The  first  is  a  gi^illage  of  logs,  the  lower 
set  placed  3  feet  distant  from  center  to  center  and  crosswise  to  direction 
of  jetty,  and  firmly  bolted  to  the  longitudinal  binders,  which  are  few  in 
number.    Thin  but  compact  mattresses  fill  the  spaces  between  the  bind- 
ing logs,  while  the  central  portion  or  heart  of  the  construction  is  formed 
of  a  solid  mattress  varying  from  1  to  3  feet  in  thickness.    Though  blocks 
of  concrete  covering  the  mattresses  represent  the  weight  required  to 
hold  the  mass  in  position,  it  is  understood  that  stone  will  be  preferably 
used  if  readily  procurable.    The  dimensions  given  will  probably  suffice 
for  depths  np  to  11  feet,  unless  there  is  much  settling.    In  shoal  water 
the  thickness  of  central  mattresses  and  width  of  base  may  be  reduced. 
Sketch  D  represents  cross-section  of  the  ai)ron  used  in  1878  and  1879 
in  the  foundation  for  tUe  submerged  jetties  on  Charleston  bar.  South 
Carolina,  and  which  thus  far  has  proved  successful.    For  full  descrip- 
tion of  this  construction  see  Annual  Report  of  the  Chief  of  Engineers  for 
1879,  Appendix  I. 

As  small  stones  upon  structures  exposed  to  the  action  of  breakers  wi\] 
be  more  or  less  displaced  during  storms,  we  must  anticipate  some  dam- 
ages to  result  from  the  application  of  either  of  the  above  methods  to  the 
construction  of  the  Galveston  jetties.  Either  of  them,  however,  will 
probably  prove  a  success,  provided  the  brush  collects  sand  and  the  stones 
become  bound  together  by  molluscous  concretions,  which  usually  grow 
rapidly  in  warm  climates.  Experience  in  Chai*leston  Harbor  and  on  the 
shores  of  Holland,  espeeially  at  the  mouth  of  the  Maas,  bears  testimony 
to  the  rapid  growth  of  these  mollusca  upon  loose  stones  immers^  in  the 
sea  near  the  outlets  of  fresh- water  tributaries,  and  to  their  effective  use 
in  cementing  them,  as  it  were,  into  one  mass.  Though  we  anticipate 
with  no  degree  of  certainty  the  same  favorable  results  at  Galveston  as 
at  Charleston,  yet  it  seems  probable  that  similar  shell  deposits  will  occur 
and  that  the  brush  and  stone  will  collect  sand  in  process  of  time.  Un- 
aided by  such  favorable  action,  the  solidification  of  the  jetties  will  be 
diflBcult  and  costly. 

The  Board  are  disposed  to  favor  the  grillage  or  raft  system  as  giving 
a  stiffer  base  than  the  mattress  unsupported  by  logs. 

We  recommend,  however,  the  trial  of  the  seversS  methods  proposed, 
by  constructing,  during  the  present  summer,  sections  of  the  Galveston 
jetties  in  general  accordance  with  annexed  sketches,  using  as  a  covering 
about  2  feet  thickness  of  stone  instead  of  concrete,  if  stone  can  be  pro- 
cui-eil.  By  the  exposure  of  the  succeeding  autumn  and  winter,  the  sec- 
tions built  will  be  tested.  When  a  satisfactory  method  of  construction 
has  been  determined  we  are  of  the  opinion  that  the  Galveston  jetties 
should  be  built  by  contract,  rather  than  by  the  system  now  followed. 
In  the  mean  time  there  should  be  as  little  expenditure  for  x)lant  as  pos- 
sible. 

From  the  direction  taken  by  the  Cylinder  Channel  it  would  appear 
that  the  direction  of  the  north  jetty  for  a  distance  of  2  miles  fix)m  the 
shore  need  not  be  changed.  The  south  jetty  should  incline  more  to  the 
north,  taking  direction  indicated  by  line  AB,so  as  to  contract  the  open- 
ing between  the  two  at  their  outer  ends.  Neither,  however,  should  be 
carried  more  than  2  miles  seaward  until  the  other  has  progressed  nearly 
in  equal  ratio,  and  the  effects  produced  by  their  prolongation,  noted 
from  time  to  time,  will  determine  the  filial  (Erections  the  outer  portions 
should  take. 

It  has  always  been  assumed  that  the  Galveston  jetties  are  to  be  aub- 
mergeil,  but  to  what  depth  can  only  be  determined  by  results  prodwcAi^ 
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dariDg  the  progress  of  their  construction.  Should  an  average  height  of 
5  feet  above  the  sand  bottom  prove  sufficient  to  subserve  the  purpose 
for  which  they  were  designed,  it  seems  probable  that  they  can  be  con.* 
structed  by  eith^  of  the  methods  proposed  (stone  being  furnished  firom 
the  vicinity)  for  $40  per  linear  foot. 
Respectfully  submitted.  Z.  B.  Tower, 

Colonel  of  Engineers  and  BvU  maj.  Oen. 

John  Newton, 
OoUmel  of  Engineers  and  Bvt  Maj.  Oen. 

Q.  A.  GiLLMORB, 

Lieutenant' Colonel  of  Engineers  and  Bvt  Maj.  Oen. 

Brig.  Gen.  H.  G.  Wright, 

Chief  of  Engineers^  if.  8.  A. 


ESTIMATE  FOR  A  SECTION  30  PEET  LONG. 

11  grillage  logs,  each  60  feet  long,  at  6  cents f39  60 

6  binder  logs,  each  30  feet  long,  at  6  cents 10  80 

'     350  pounds  of  1-inch  round  bolts  and  nuts,  at  B  cents 28  00 

5  mattresses  between  binders,  each  10  inches  thick  =3 28  onbio  yards,  at  $1 . 50    42  00 

2  fascines,  7  cubic  yards,  at  $1.50 10  50 

1, 800  feet,  board  measure,  3-inch  plank,  at  |18  per  M 32  40 

50  pounds  of  spikes,  at  5  cent« 2  50 

22  cubic  yards  of  concrete  or  stone,  at  |6 132  00 

297  80 

Contingencies,  lit  33|  per  cent '1)9  26 

Total  for  30  linear  feet ^ 397  06 

Cost  per  linear  foot 13  23 

Every  5  feet  of  increase  or  decrease  of  width  will  add  to  or  subtract  from  above  cost 
of  linear  foot  about  $1. 

ESTIMATE  FOE  A  SECTION  30  FEET  LOKG. 

191  cubic  yards  of  mattress,  at  |1.50 |286  50 

80  cubic  yards  of  concrete  or  stone,  net  measurement,  at^ 480  00 

766  «> 
OoBtingencies,  at  33|  per  cent 255  50 

Total  for  30  linear  feet i,  022  00 

Cost  per  linear  foot 34  06 

Every  5  feet  of  increase  or  decrease  of  width  will  add  to  or  subtract  from  above 
cost  of  linear  foot  about  $2. 

The  mattresses  should  be  made  compact  by  drawing  the  surfaces  together  by  so  li- 
able ties. 

ESTIMATE  FOB  A  SECTION  30  FEET  LONG. 

11  flrrillage  logs,  each  75  feet  long,  at  6  cents $49  50 

6  binder  lo^,  each  30  feet  long,  at  6  cents 10  80 

350  pounds  oi  1-inch  round  bolts  and  nuts,  at  8  cents 2^00 

5  mattresses  between  binder  logs,  each  10  inches  thick  =:  61  cubic  yurds, 

at  $1.50 91  50 

1  mattress,  1  foot  to  3  feet  thick  =  62  cubic  yards,  at  $1.50 93  00 

780  feet,  board  measure,  3-inch  plank,  at  f  18  per  M 12  96 

22  pounds  of  spikes,  at  5  cents 1  00 

100  cubic  yards  of  concrete  or  stone,  neat  measurement,  at  |6 600  00 

886  76 
Contingencies,  at  33^  per  cent 295  58 

Total  for  30  linear  feet 1,182  34 

Cost  per  linear  foot 39  41 
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Evyvy  5  feet  of  inereiiBe  or  deocease  of  width  will  add  to  or  subtract  from  abovie 
Mlt  of  linear  foot  aboat  |8. 

The  mattreaMB  abonld  be  made  compact  by  drawing  their  snrfaoes  together  by  suit- 
iUetiae. 


BBPOBT  OF  MAJOB  S.  M.  MANSFIELD,  CQBPS  OF  ENGINKEBS. 

United  States  Enginbeb  CtoPiOE, 

Oalvestorij  TexaSj  March  25,  1880. 

Oenebal.  :  I  have  the  honor  to  submit  the  accompanying  report  of 
Assistant  Bipley,  it  being  a  saggestion  of  his  for  a  disposition  of  the 
gabions  on  hand  at  Bolivnr  Point. 

It  is  very  necessary  to  get  rid  of  these  gabions,  if  only  for  the  room 
they  occupy,  and  my  desire  has  been  to  utilize  them  to  the  best  possible 
advantage.  Mr.  Ripley's  project  meets  my  approval,  and  I  submit  tJie 
report  without  comment,  beyond  the  suggestion  that  the  mattresses 
be  kept  well  in  advance  of  the  gabions  during  construction,  to  counter- 
act any  tendency  to  scour  in  advance  of  the  work. 

The  placing  of  these  gabions  will  absorb  about  the  balance  of  available 
ftmds,  and  will  build  4,080  feet  of  the  jetty,  and  will  require  the  whole 
of  the  coming  season  for  its  execution. 

The  probable  success  or  failure  of  this  gabionnade  will  be  determined 
soon  after  the  work  is  begun.    The  conditions  seem  to  favor  success. 

^Rie  plan  of  the  Board  of  Engineers  was  to  utilize  the  gabions  on 
hand.    It  may  be  they  intended  to  confine  their  use  to  the^olivar  jetty. 
I  therefore  submit  the  matter  for  your  consideration  and  approval. 
Very  respectfully,  your  obedient  servant, 

S.  M.  Mansfield, 

Major  of  Engineers^ 
Bvt.  Lieut.  Col.  U.  8.  A. 
The  Chibf  of  Engineers,  17.  S.  A, 


RBPORT  OF  MR.   H.   C.  RIPLEY,  ASSISTANT  ENGINEER. 

Bolivar  Point,  March  22,  1880. 

Colonel  :  I  would  Teapeotfiilly  soggeet  a  dispoeition  of  the  gahions  which  we  have 
OB  band. 

We  have  317  gabions  entirely  completed,  and  23  partially  ao,  making  a  total  of  340. 
These  will  construct  4,080  feet  of  gabionnade.  I  send  herewith  a  trac&g  upon  which 
it  shown,  in  red,  the  promtsed  line  of  the  south  jetty.  The  bine  line,  extending  from 
the  6-foot  curve  out  4,080  feet,  shows  the  position  where  I  would  suggest  the  use  of 
the  gabions.  If  they  be  placed  on  mattresses,  say  30  feet  long,  placed  across  the  Une, 
estending,  as  they  would,  12  feet  on  either  side  of  the  gabions  and  well  riprapped  on 
either  sioe  to  prevent  lateral  displacement  of  the  gabions,  I  think  they  would  settle 
but  IHtle^  and  would  resist  the  action  of  the  waves  until  they  became  covered  with 
sand.  We  are  encouraged  in  the  belief  that  they  would  become  immediatelv  covered, 
fiom  the  fact  that  before  the  storm  of  1875  there  was  but  5^  feet  of  water  where  there 
is  now  15  feet,  and  where  there  is  the  deepest  water  on  this  line,  there  was  but  6  feet 
in  1872.  There  seems  to  be  a  tendency  to  a  reformation  of  a  shoal  at  this  point,  as  is 
diown  by  the  shoal- water  a  short  distance  to  the  southward.  This  tendency  is 
resisted  by  the  ebb-tide  concentrated  at  this  point,  and  which,  being  cut  off  by  a  line 
of  gabions,  will  allow  the  sand  to  form  a  bauk  on  the  sea-side  and  finallv  cover  the 
whole  line,  as  was  the  case  at  the  Fort  Point  gabionnade.  There  would  be  an  aver- 
age depth  of  4  feet  on  tops  of  the  gabions  and  about  the  same  depth  on  the  shoal  ex- 
tending to  the  pile  breakwater,  which  would  leave  an  opening  of  8,800  feet  length 
and  4  feet  depth  for  the  admission  of  the  flood-tide  at  the  shore  end  of  the  jetty — a 
condition,  it  seems  to  me,  very  much  to  be  desired.  If  it  be  feared  that  a  channel 
would  be  cut  through  between  the  inner  end  of  this  and  the  Fort  Point  K<^b\oi\tiiiA«) 
a  single  tier  of  mattresaee  well  covered  with  atone  wonid  prevent  it ;  but  1  t\nnkt\iw^ 
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is  no  possible  dauger  of  it,  for  the  water  from  Galveston  channel  pushes  oat 
that  of  Bolivar  channel  and  prevents  its  spreadinfi^  at  this  point.    Even  wen^ 
considerable  doubt  of  its  success.  I  think  it  well  worth  the  experiment,  firom  th 
that  we  have  the  gabions  on  hand  and  the  cost  of  placing  them  is  so  small  co 
with  the  cost  of  a  stone  jetty  that  in  case  of  success  the  saving  would  be  enorm 

For  example,  the  cost  of  placing  95  gabions  in  October  and  November,  1877^ 
$16  per  gabion  (estimated  at  the  time),  or  $1.33  per  running  foot.     The  cost  of 
tress  30  feet  wide  is  $1.83  per  running  foot.     The  amount  of  concrete  for  ripra; 
2  feet  high  at  gabion,  and  sloping  down  to  half  a  foot  at  a  distance  of  12  feet, 
be  30  cubic  feet,  and  its  cost,  at  ^  cents  per  cubic  foot,  would  be  $7.50  per 
foot. 

The  placing  of  the  mattresses  and  riprap  would  cost,  say,  $1  per  running  foot 
total  cost  of  gabionnade  would  therefore  be — 

Placing  gabions .^. , .  $1  33 

Mattresses .* 1  83 

Placing  mattresses  and  riprap 1  00      | 

RiT>rap 7  50      i4 

$li 

Contingencies  superintendence,  «&c. ,  'SO  per  cent $ 


rool 
>t.   I 


Total  cost  per  running  foot 15t 

And  4,080  feet  would  cost  $61,852.80. 

It  must  be  remembered,  however,  in  case  of  failure,  that  the  only  loss  will  be 
placiug  of  gabions,  for  the  mattresses  and  riprap  can  be  utilized  as  a  lower  course 
constructing  stone  jetty.    The  loss  will,  therefore,  be  $1.33  per  running  foot,  and 
total  loss  will  be  less  than  $5,500. 

The  same  height  of  stone  jetty,  roughly  estimated,  would  cost  $80  per  running  fcni 

Should  the  gabionnade,  therefore,  prove  a  success,  which  the  conditions  seem  i 

favor,  there  would  be  a  saving  of  $i[)5  per  running  foot,  or  a  total  saving  of  ^65,200.1 

Very  respectfully,  your  obedient  servant,  I 

H.  C.  Ripley,  * 

Assistant  Engineer, ' 
Bvt.  Lieut.  Col.  S.  M.  Mansfield, 

Major  of  Engineers  J  U,  S.  J, 
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report  of  captain  charles  k.  l.  b.  davis,  corps  of  engineers.  \ 

United  States  Engineer  Office, 

Galveston f  Tex,,  March  7,  1880. 

Sir  :  I  have  the  honor  to  submit  the  following  replies  to  the  questions  propounded 
by  General  Tower,  president  of  the  Board  of  Engineers  on  improvement  of  entrance  to 
Galveston  Harbor,  in  his  letter  addressed  to  you  dated  February  23,  1880,  which  letter 
you  handed  to  me  with  the  request  to  state  my  views. 

I  transmit  with  this  letter  two  tracings,  one  showing  a  plan  and  elevation  of  the 
Bolivar  gabionnade  entire,  as  it  existed  at  times  of  last  examinations ;  there  is  also 
shown  a  plan  of  the  sheet-piling,  extending  from  the  shore  to  the  inner  end  of  the 
gabionnade,  which  was  destroyed  by  the  storm  of  September,  1877 ;  the  legend  and 
notes  upon  this  tracing  will  explain  it  and  help  to  make  my  answers  to  General 
Towei-'s  questions  more  readily  understood. 

The  second  tracing  shows  the  positions  of  the  mattresses  put  down  since  the  con- 
struction of  the  Bolivar  gabionnade  was  discontinued. 

In  order  to  be  as  concise  as  possible,  I  will  take  up  the  questions  seriatim  and 
answer  them. 

1st.  ^'How  many  gabions  have  been  put  down  since  the  Board's  report  was  made 
last  suimner  ?" 

The  total  number  of  gabions  put  down  since  June  30,  1879,  is  242.  An  examination 
of  the  tracing  will  show  blit  237,  as  5  of  those  put  down  in  November,  at  what  was 
then  the  extreme  outer  end  of  the  gabionnade,  had  disappeared  before  their  first  ex- 
amination, and  hence  are  not  showu  upon  the  tracing. 

2d.  **  Were  those  gabions  (known  to  b  3  on  hand)  strengthened  in  any  way  before 
they  were  put  in  place,  or  were  used  without  being  strengthened  T  If  strengthened, 
how  was  it  eftected?" 

Gabions  on  hand  at  the  time  of  the  Board's  report  were  used  without  being 
strengthened.     The  weakness  of  the  gabion  arises  from  the  fact  that  it  is  an  exceed- 


u  tne  following  manner : 

iimenciiig  in  the  center  of  a  piece,  the  line  ia  passed  over  au<l  nnder  the  fascine, 

roend8  crossing  on  the  otjier  side  and  tied  with  a  flat  knot.     The  two  ends  arc 

■arried  over  ana  under  the  next  fascine,  and  so  on  across  the  mat. 

ht  battens,  1  inch  hy  6  inches,  are  then  placed  lengthwise  of  the  mat,  four  on 

side  opposite  each  other,  and  fastened  together  with  galvanized-iron  wire  pass- 
Btween  the  fascines  and  around  the  battens  at  intervals  of  ahont  2  feet.  The 
e  is  made  of  river  cane  as  an  outside  casing  and  filled  in  the  center  with  the 
lies  trimmed  from  the  same  cane  and  tied  together  with  marline,  parsing  twice 
d  at  intervals  of  about  9  inches.  Twelve  concrete  blocks  are  placed  upon  the 
\  at  each  end,  to  keep  it  in  position.  A  concrete  block  is  6  iuchejs  by  1<^  iuclnvs 
inches  and  weighs  about  2JW pounds.  The  blocks  are  wired  fast  to  the  mat  with 
uized-iron  wire.  The  mat  ir  placed  the  long  way  across  the  line  of  the  gal)ion- 
and  the  gabion  being  placed  the  long  way  with  line,  lies  across  the  mat  be- 

the  concrete  blocks.  The  mats  thus  coustruct-ed  are  flexible  and  coufonn  to 
iai>e  of  the  bottom,  and  as  far  as  is  known  they  have  sustained  the  gabion  with- 
x'aking.     The  ends  of  mats  upon  which  the  blocks  are  placed  have  in  every  case 

as  is  known  settled  as  much  or  more  than  the  center  upon  whicli  the  gabion  is 
I.  The  only  way  in  which  settlement  has  occurred  is  undoubtedly  by  the  sand 
washed  from  underneath  the  mat. 

**How  were  gabions  placed — crosswise  or  lengthwise,  in  one  or  two  tiers,  close 
aratedf" 

9  question  is  well  answered  by  the  tracing,  with  this  exception,  that  where 
M  are  much  separated  it  is  due  to  a  movement  after  l>eiiig  put  down.  It  was 
pted  to  place  them  close  together,  and  generally  they  were  but  little  separated 
first  put  down. 

**  How  many  have  since  been  broken  to  pieces  or  mined  by  stonnsT  " 
-e  the  Ist  of  July,  1879,  thirteen  gabions  have  disappeared  altogether  and  two 
leen  broken,  leaving  the  bott'Oms  in  position  upon  the  mat>«,  and  one  has  the  top 
making  a  total  of  sixteen  broken  or  disappeared. 

racta  from  reports  made  from  time  to  time  will  furnish  the  specific  information 
for. 

[From  ivport  of  .SeptemWr  20, 1879,  concerning  gabions  plHced  in  July.] 

*  ^* There  is  one  gabion  short  of  the  number  put  down,  and  one  gabion.  No, 
it  of  line.  This  gabion  was  put  down  close  to  No.  701,  and  was  left,  at  the  close 
it's  work,  partially  filled  with  sand.  Two  days  later  it  was  found  in  its  present 
»n.  It  is  altogether  probable  that  the  one  that  is  missing  disappeared  in  asimi- 
mner,  but  was  carried  so  far  from  the  line  as  not  to  be  discovered.  *»  »  • 
)6  to  612,  inclusive,  were  examined  July  19,  eighteen  days  after  they  were  put 

Nos.  6i:i  to  627,  inclusive,  were  examined  July  21,  irom  ten  to  twenty  days 
hey  were  put  down.     Nos.  628  to  669,  inclusive,  were  examined  July  22,  from  I 

a  eleven  davs  after  thev  were  nut  down.     Nos.  670  to  686.  inclusive,  were  ex-  I 
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examination,  and  depth  of  water  on  top  at  time  of  rc-eicainination  is  shown  itl  t 
following  table : 


GabionB. 


Time. 


Xumberi. 

633  to  664 

665  to  669  

670  to  686 

687  to  702 

703  to  704 

705  to  709 


Dayt. 


56 
44 
37 
36 
33 
32 


Average 
Bettleiuent. 


FuL 
2.39 
3.28 
2.28 
2.10 
1.20 
2.04 


Averagi 
depth. 


''  The  least  settlement  shown  is  1  foot  (No.  694)  and  the  greatest  is  4.8  feet  (No.  665^ 

'^It  must  be  remembered  that  the  settlement  thus  shown  is  not  the  total  settlemen  ^ 
since  the  gabions  were  put  down. 

"To  ^et  the  totiil  settlement  there  must  be  added  the  settlement  prior  to  the  first  ex:  — 
amination.    This  is  not  known,  but  since  the  gabions  settle  most  rapidly  for  the  firs^ 
few  days  after  being  put  down,  it  is  probable  thati  the  settlement  prior  to  the  fir^'t" 
examination  exceeds  the  amount  shown  in  the  table.     Tlie  fourth  column  of  the  tabl&, 
which  shows  the  depth  of  the  water  on  the  top  of  the  gabions,  gives  a  good  idea  c»f" 
their  total  si'ttlemeut  when  it  is  remembered  that  the  tops  of  many  of  thoin  were  at 
the  surface  of  the  water  when  first  put  down. 

"All  the  gabions  seem  to  be  in  good  condition  except  No.  646,  which  has  lost  its  top, 
and  the  sand  filling  is  gone.'.' 

(From  report  of  November  17,  1879,  concerning  gabions  placed  in  August  and  September.  | 

it  ft  *  «  m  •  m 

'^^  Two  gabions,  Nos.750  and  751,  had  been  carried  away,  leavinjj^  the  mats  and  blocks 
in  position.  Two  other  small  gaps  have  been  caused  by  the  shifting  of  the  gabions 
as  shown  at  Nos.  720  and  73*2. 

"In  the  former  case  four  gabions,  Nos.  716  to  719,  have  shifted  from  a  straight  con- 
tinuous row  to  the  position  in  which  they  are  shown  on  the  tracing.  These  move- 
ments are  evidences  of  the  shocks  which  the  gabions  are  called  upon  to  resist,  now 
that  the  outer  end  has  passed  the  last  shoal  and  must  henceforwaixl  receive  the  full 
'force  of  the  sea. 

"During  September,  construction  was  confined  to  a  wing  and  retnm  line. 

«  «  «  «  *  •  » 

"In  the  partial  inclosure  thus  formed,  we  should  expect  a  rapid  accumulation  of 
sand,  but  soundings  taken  on  the  21st  of  October  show  that  up  to  that  time  no  mate- 
«al  ac4;umulation  had  occurred.'' 

[From  report  of  January  6,  1880.] 


^*  During  the  month  of  October  there  were  i)lacod  in  the  gabionnade  SOgabiona. 

"Of  these  30  gabions,  5  (Nos.  781,  784,  787, 788,  and  789),  have  disappeared  entirely, 
and  others,  notably  No.  7^,  show  evidence  of  considerable  displacement. 

"  During  the  month  of  November  there  w^ere  put  down  8  gabions.  Four  erf  tlien^ 
were  put  down  on  the  3d.  Two  of  these,  the  outer  ones,  had  disappeared  on  the  19th, 
and  were  replaced,  and  two  aclditional  ones  were  put  down.  December  16,  when  th« 
examination  was  made,  only  three  remained  of  those  put  down  in  November. 

"  It  is  worthy  of  remark  that  at  the  oitter  end  where  the  gabions  di8apj)ear«»l  the 
matfi  remained  as  they  were  placed." 

6th.  "Has  it  been  a  success  as  a  system,  or  a  failure  f  " 

In  my  opinion  it  has  been  a  failure. 

7th.  "Has  it  caused  the  formation  of  drift  sand  against  it  or  not  ?" 

No  formation  of  drift  sand  against  the  gabionnade  has  occuiTed.  There  harve  been 
accumulations  of  sand  on  the  north  side  of  the  line,  and  they  have  disappeared  or 
shifted  from  place  to  place,  and  reappeared  a  number  of  times,  but  nothing  approach- 
ing a  permanent  sand  formation  can  he  said  to  have  resulted  from  the  gabionnade. 

7th.  "Second.  As  to  the  old  gabionnade  built  before  July  last,  what  is  its  present 
condition  f    Has  it  deteriorated  much  during  the  past  7  or  8  months  f" 

No  recent  examination  of  the  older  portion  of  the  gabionnade  has  been  made. 


i 
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In  July,  1879,  that  portion  constructed  in  May  and  June  was  examined,  and  the 
condition  at  that  time  is  shown  by  the  following: 

[Extract  fh>m  report  of  Angnst  1,  1879.  j 

"III  their  settlement  many  of  the  gabions  have  worjsed  out  of  position,  and  one  (No. 
o79)  luu)  gone  away.  Fj-oin  No.  586  to  No.  604  most  of  the  gabions  are  more  or  less  out 
of  line.  This  is  partially  due  to  settlement  and  partially  due  to  an  imperfect  ranging 
<if  the  guide  piles." 

Its  present  condition  is  not  known,  but  there  is  no  evidence  that  it  has  greatly 
deteriorated  in  the  past  seven  or  eight  months. 
8th.  "  How  many  gabions  have  been  broken  to  pieces  during  that  period  T  ** 
There  is  no  positive  information  as  to  the  number  of  gabions  broken  to  pieces  dur- 
ing that  period,  but  from  the  absence  of  debris  upon  the  beach  it  is  believed  that  the 
destnictiou  has  been  very  slight. 
9th.  '^Have  the  gabions  settled  farther  down  into  the  sand?" 

Inhere  is  no  information  with  regard  to  their  settlement  lately.     It  is  probable  that 
the  oldest  portion  (that  constructed  in  1877)  has  ceased  to  settle,  the  tops  of  the  ga- 
hioiM  having  long  since  nearly,  if  not  quit«,  reached  a  depth  on  a  level  with  the  gen- 
eral wirt'ace  of  the  bottom. 
10th.  **Doe8  it  in  any  way  fulfill  its  purpose,  or  is  it  mostly  a  waste  of  means?" 
In  my  opinion  it  is  mostly  a  wsiste  of  means. 

nth.  *  •  *  i<  X  desire  to  learn  if  mattresses  of  brush  loaded  with  stone,  as  rec- 
ommended by  the  Board  of  last  summer,  have  been  tried.  If  so,  how  were  they  made, 
and  what  has  been  their  success?  " 

MattretiseH  of  brush  and  cane  have  l»een  placed  in  a  single  tier,  as  shown  in  the  ao- 
company iug  tracing,  and  loaded  with  concrete  blocks  (100  blocks  to  each  mattress),  as 
no  Hfone  could  ha  obtained. 

The  concrete  blocks  are  the  same  as  those  used  in  weighting  the  mats  placed  under 
the  gahioiis.  Mattresses  have  been  principally  made  18  feet  by  60  feet,  and  about  one 
foot  thick  over  all.  The  cane  or  brush  is  laid  one  layer  length  wise,  another  crosswise, 
and  another  lengthwise,  and  all  held  in  place  by  frames  of  wood  above  and  below, 
fastened  together  with  iron  bolts^  wooden  plus,*and  galvanized-iron  wire.  A  few  matr- 
tretwen,  18  feet  by  *30  feet,  made  in  a  similar  manner,  have  been  used.  The  success  of 
the  mattresseH  is  shown  by  the  cross-sections. 
Let  m  consider  cross  nection  No.  1. 

Mattress  No.  1  was  placed  Deceml>er  4,  No.  2  was  placed  December  6,  No.  4  Decem- 
her  15,  and  No.  11  Decern l>er  16.  Now,  assuming  that  the  bottom  was  level  when  No.  1 
^'<vi  piaced,  which  was  most  likely  the  case,  there  was  a  slight  accumulation  before 
^0.  2  was  placed,  and  a  slight  scoiir  before  No.  4  was  placed,  and  a  still  greater  accu- 
mulatiou  before  No.  11  was  placed.  Cross-section  A  A  shows  a  slight  accumulation 
on  both  sides  of  the  mattresses.  Cross-sections  Nos.  10,  13,  and  14  each  show  an  aocn- 
niulation  from  time  of  placing,  I'espectively,  No.  40  and  No.  42,  No.  49,  and  No.  50, 
*'»d  No.  51^  and  No.  54.  Cross-section  No.  29,  however,  shows  a  scour  from  time  of 
placing  \o.  81  and  No.  89.  There  seems,  therefore,  little  tendency  to  accumulate  sand, 
*nd  no  tendency  thus  far  to  envelope  the  mattresses  with  it. 

The  placing  of  mattresses  was  commenced  on  the  line  of  the  gabionnade,  but  it  was 
I'tonght  aihisable  to  make  an  oif-set,  and  thus  avoid  the  deei>  trench  and  irregular 
bottom  cuiiHed  by  the  gabions. 

I'-ith.  "Are  there  any  palmetto  trees,  scrub  oak,  or  any  timber  growth  at  or  near 
*»»!  vcHtou  ?    Any  brush  for  mattresses  ?  " 

There  is  no  palmetto  in  Texas.     The  river  banks  are  covered  with  timber,  pine, 
P*'''an,  ash,  willow,  &c.,  though  of  a  rather  poor  quality  for  mattress  making. 
.  All  of  the  rivers  in  Texas  are  extremely  tortuous,  and  navigable  only  a  short  time 
*'»  the  whole  year,  making  wat«r  transportation  very  uncertain,  and  consequently 
♦•xpeuHive. 

It  is  thought  that  river  cane,  if  furnished  in  large  quantities,  and  not  selected  ac- 
<'ording  to  sample  for  mattiug  gabions,  could  be  obtained  cheai)  enough  for  mattresses, 
and  would  certainly  be  a  good  material  for  that  purpose. 
Very  respectfully,  your  obedient  servant, 

Chas.  E.  L.  B.  Davis, 

LQitaiH  Of  jLjiiymeers, 
Maj.  .S.  M.  Mansfield, 

Corpt  of  Kiigineert*,  V.  '^.  A» 
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N  4. 
IMPROVEMENT  OF  SHIP  CHANNEL  IN  GALVESTON  BAY,  TEXAS. 

Estimates,  together  witti  report  of  "  Survey  at  Buffalo  Baj^ou  fof  « 
channel  of  navigation  through  Buffalo  Bayou  and  Galveston  Bay  t:o 
Bolivar  Channel,  near  the  outer  bar  in  the  Gulf  of  Mexico,"  were  r^:ii- 
(lered  April  4, 1871,  for  improvement  of  channel  designed  to  accommodj^-  te 
a  large  portion  of  the  commerce  of  the  district. 

The  several  acts  of  Congress  have  giv  en  to  this  work — 

June  10,  1872,  $10,000,  and  June  23, 1874,  $10,(M)0= $20,000;  by  whi^lt 
a  channel  was  dredged  through  Red  Fish  Bar,  1,500  feet  long,  70  i^et) 
wide,  and  over  7  feet  in  depth. 

March  3, 1875,  $35,200;  by  which  a  channel  was  made  (between  Bolivax" 
Channel  and  mouth  of  San  Jacinto  River,  and  through  Red  Fish  B»r> 
6,100  feet  in  length,  14J  feet  in  depth,  connecting  depths  in  channel  of 
9  feet,  and  8J  feet  in  Uie  upper  and  lower  bays,  and,  with  the  private 
work  of  improvement  at  Morgan's  Point,  permitting  the  passage  oT 
vessels  of  Ofoot  draught  to  wil  bin  a  short  distance  of  Houston. 

August  14, 1876,  and  June  18,  1878,  a  total  of  $147,000;  made  appli- 
cable to  that  portion  of  channel  between  Red  Fish  Bar  and  Bolivar 
Channel;  contract  entered  into  with  George  C.  Fobes  &  Co.  Decem- 
ber 3,  1878,  to  dredge  channel  12  feet  deep,  100  feet  wide  at  bottom 
through  lower  bay,  troni  head  of  Bolivar  Channel  to  Red  Fish  Bar. 

March  3, 1879,  $80,000;  "This  amount  made  applicable  on  a  direct 
line  between  the  cut  through  Morgan's  Point,  subject  to  conditions  that 
have  not  yet  been  placed  in  the  form  of  legal  documents  required  by 
the  United  States  before  application  of  the  money  appropriated.^  (Vide 
Report  of  Chief  of  Engineers,  1879,  page  918.) 

PROGRESS  MADE  DURING  THE  YEAR  ENDING  JUNE  30,  1880. 
report  of  captain  c.  k.  l.  b.  davi.s,  corps  of  engineers. 

United  States  Engineer  Office. 

Ga\vt%toii^  Teap.,  Jnly  1,  18^. 

Sir  :  I  have  the  honor  to  Hubinit  tJie  following  report  of  operations  for  improving 
the  ship  channel  in  Galveston  Bay,  Texas,  from  Jnly  1,  1879,  to  Febrnary  25,  1880, 
the  date  of  your  arrival  at  Galveston,  Tex. 

The  contract  entered  into  with  Geo.  C.  Fobes  &  Co.,  of  Baltimore,  Md.,  called  for  a 
channel  100  feet  wide  and  12  feet  deep  throui^h  lower  Galveston  Bay  from  12  feet  of 
wate?"  in  Bolivar  Channel  to  the  cut  through  Red  Fish  Bar,  a  distance  of  about  10 
miles. 

As  the  dredgeboat  could  make  a  cut  40  feet  wide  without  change  of  position  it  was 
decided  to  make  three  cuts  successively  the  entire  length  of  the  channel,  two  of  40 
feet,  and  one  of  20  feet  in  width. 

On  July  1,  1879,  the  lower  3  miles  of  the  first  cut  had  been  completed.  Fn>ni  that 
time  up  to  the  date  of  your  arrival  work  on  the  cuts  was  continued.  The  lirst  cut 
waa  completed  October  6,  1879,  the  second  cut  February  7,  1880. 

During  the  time  specified  above  the  amount  of  material  dredged  was  as  follows: 

Cnbic  yard<«. 

July,  1879 77,043.29 

August,  1879 70,290.25 

September,  1879 86,619.39 

October,  1879 72,853.21 

November,  1879 60,111.03 

December,  1879 52,411.69 

January,  1«80 50,623.92 

February,  1880 , 40,425.98 

Total 510,378.76 
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Tlie  diuniiing  ground  for  tlie  lower  8  miles  of  the  ch«annel  was  to  the  eastward  about 
hrf^e-fourtlis  of  a  mile  distant  from  the  cut,  and  was  marked  out  by  a  line  of  piles 
Iri  v«n  a  mile  ai>art  and  parallel  to  the  cut.     The  dum^iiug  scows  by  keeping  abreast  of 
lie  €ln><lj|e  dumped  the  material  in  a  continuous  ridge,  as  it  was  thought  this  would 
>e  less  of  an  obstruction  to  light-draught  sailing  vessels  than  if  dumped  in  spots. 

JToT  the  upper  2  miles  of  the  ship  channel,  the  dumping  grounds  were  changed  to 
lit*  wostwanl  of  the  cut  to  avoid  crossing  a  schooner  channel  at  that  point. 
Very  respectfully,  your  obedient  servant, 

.  CiiAS.  E.  L.  B.  Davis, 

Ca2)taiH  of  Engineers, 
Maj.  8.  M.  MaN8FIKli>, 

Corptt  of  Engineerttf  V.  .9.  A. 

During  March,  April,  and  May  dredging  was  continued,  the  work 

l>eing  done  satisfactorily,  so  that  by  the  close  of  May  the  contractors, 

having  delivered  to  the  United  States  a  channel  in  accordance  with  the 

terms  of  their  contract,  received  linal  payment,  and  contract  with  them 

was  then  closed. 

The  matiCrial  excavated  and  removed  from  channel  under  this  con- 
tract amounted  in  the  aggregate  to  703,646.03  cubic  yards,  the  entire 
work  being  done  by  one  dredgeboat  (the  Charles  Fobeis),  carrying  a 
dipper  of  4.22  cubic  yards  capacity,  equal  to  discharging  in  scows  along- 
side 200  cubic  yards  per  hour. 

Two  dump-scows,  with  a  total  capacity  of  438,172  cubic  yards,  and 
one  tagboat  comprised  the  rest  of  the  plant,  with  the  addition  of  a 
schooner  of  small  tonnage  as  tender  to  the  dredging  fleet. 

PROPOSED  OPERATIONS  FOR  YEAR  1880-'81. 

Available  funds  amount  to — 

Appropriation  of  March  3,  1879 $80,000 

Appropriation  of  June  14,  1880 50,000 

130,000 
Balance  of  appropriation  of  1878 25,000 

Total 155,000 

This  amount  may  be  expended  in  improving  the  line  from  the  cut  in 
I^d  Fish  Bar  to  the  cut  in  Morgan's  Point,  and  in  continuing  improve- 
ment in  cut  in  the  lower  bay.  To  be  done  by  contract,  after  advertis- 
ing for  proposals  in  the  usual  manner. 

^riirinal  estimat^^  (for  channel  100  feet  wide  and  12  feet  deep),  1877 $446, 326  42 

Appropriated  ( 1872  to  1880) 302,000  00 

disappropriated  balance  of  the  original  estimate  (1877) 144, 326  42 

Which  sum  can  be  profitably  expended  in  the  fiscal  year  ending  June 
'^1 1882,  in  continuing  improvement  a^  originally  estimated  for. 

As  heretofore  reported,  the  work  cannot  be  considered  as  one  of  a 
Permanent  character. 

This  work  is  in  the  collection  district  of  Galveston. 

For  commercial  statistics,  see  report  of  improvement  of  Galveston 
Harbor  and  entrance. 

This  work  is  designed  to  accommodate  a  large  portion  of  the  com- 
nierce  of  the  district. 

The  light-honses  on  or  near  the  line  of  the  work  are  near  Clopper's  Bar,*  at  the 
moath  of  the  San  Jacinto  River,  in  Red  Fish  Bar,  and  at  Bolivar  Point. 


« 


To  be  discontinued  April  1, 1880. 
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Money  statetnent. 

July  1,  1879,  aiiioniit  available |212,8C8  33 

Amount  appropriated  by  act  approved  June  14,  1880 50, 000  00 

$262,868         33. 

July  1,  1880,  amount  expended  during  fiscal  year 107,554         72 

July  1,  1^,  amount  available 155,313        61 

Amount  (estimated)  required  for  completion  of  existing  project 144, 3*26        42 

Amount  that  can  be  profitably  expended  in  tiscai  year  ending  June  30, 1882 .     144,  :^i5       42 


N  5. 

IMPROVEMENT  OF  TRINITY  RIVER,  TEXAS. 

Plan  and  estimate  for  improvement  was  submitted  April  29,  1871,. 
based  upon  survey  of  the  mouth  of  this  river. 

Recommendation  and  estimate  for  improvement,  based  upon  survey 
of  the  "  Trinity  River  from  its  mouth  to  Magnolia,  Tex.,''  was  reudei-ed 
in  1873. 

The  appropriations  of  1878-'79  have  been  made  applicable  to  dredg- 
ing of  a  channel  5  feet  deep  at  mean  low-tide,  with  a  width  of  100  feet 
across  the  bar  at  the  mouth  of  the  river,  or  so  much  thereof  a«  the  ap- 
propriation will  permit. 

PROGRESS  MADE  DURING  THE  YEAR  ENDING  JUNE  30,  1880. 

Work  of  dredging  (contract  of  June  10,  1879,  with  Mr.  Seth  K  Kiui- 
ball,  of  Mobile,  Ala.)  commenced  June  1, 1880;  and  at  the  close  of  the 
fiscal  year  the  number  of  cubic  yards  of  material  dredged  averaged 
22,000,  the  material  being  cast  over  and  deposited  upon  the  banks,  cut- 
ting a  channel  3,500  feet  long  by  65  feet  wide  and  5  feet  deep  through- 
out its  length. 

The  weather,  together  with  other  difficulties  arising,  hindered  the 
work  so  much  that  the  contractor  failed  to  complete  the  work  here,  as 
he  intended,  by  the  end  of  June. 

PROBABLE  OPERATIONS  OF  THE  YEAR  ENDING  JUNE  30,  1881. 

Continuation  of  contract  work — dredging  bar — to  the  limit  of  funds 
available  for  the  purpose.  The  expectations  are  that  this  contract  with 
Mr.  Kimball  (the  one  mentioned  as  of  date  June  10,  and  a  later  one  in 
continuation  thereof,  dated  November  14, 1879)  will  be  satisfactorily 
closed  prior  to  the  1st  of  August,  1880. 

Attention  is  here  invited  to  the  report  "of  the  result  of  a  resurvey  of 
Trinity  River,  Texas^  from  its  mouth  to  the  bridge  of  the  Great  North- 
ern Railroad,  made  m  accordance  with  the  provisions  of  the  river  and 
harbor  act  of  March  3, 1879.''  (Ex.  Doc,  No.  135,  Forty-sixth  Congress, 
second  session,  copy  herewith.) 

THE  OUIGIXAL  ESTIMATE  (1871-73). 

1.  *\Vork  at  mouth,  dreds^ing,  and  pile  breakwater $40,000 

2.  RemoviDg  suags,  &c.,  uetweeu  mouth  of  the  river  and  Liberty 6, 000 

Total 46,000 

*•  Estimate  for  dredgiug  (lb73)  $16,581.40. 
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Tbe  amount  appropriated  by  act  of  June  14,  1880,  $4,000,  may  be 
applied  to  dredging  a  navigable  cut  through  the  bar  4J  miles  below  Lib- 
erty, which  may  cost  $2,000;  the  balance  of  the  appropriation  may  be 
reserved  for  such  work  of  improvement  as  may  hereafter  be  considered 
most  judicious. 

There  is  no  basis  for  estimates  as  to  the  length  of  time  the  cuts  made 

through  the  bar  at  the  mouth  and  the  bar  near  Liberty  will  remain  open 

for  navigation,  or  as  to  cost  of  maintaining  the  river  from  its  mouth  to 

Liberty  in  a  navigable  condition. 

Original  estimate  (1871-73) |46,000 

Appropriated  (Id76-'ti0) 16,500 

Unappropriated  balance 29,500 

Twenty-nine  thousand  five  hundred  dollars  can  be  profitably  expended 
in  continuing  improvements— dredging  channel,  removing  snags,  &c., 
and  constructing  requisite  protection  work  in  the  next  fiscal  year. 

The  work  in  located  in  the  collection  district  of  Galveston.  Nearest  light- house, 
lied  Fish  Bar,  Galveston  Harbor. 

STATISTICS. 

Considerable  lumber  is  brought  down  the  river,  but  I  have  not  been 
able  to  obtain  a  statement  thereof. 

Money  statement 

July  1,1879,  amount  available fl2,349  92 

Amount  appropriated  by  act  approved  June  14,  1880 4, 000  00 

Jnly  1, 1880,  amount  expended  during  fiscal  year 345  92 

July  1, 1880,  outstanding  liabilities 5,700  00 

'  ^  6,045  92 

July  1,1880,  amount  avaUable 10,304  00 

Amount  (estimated)  required  for  completion  of  existing  project 29, 500  00 

Amount  that  can  be  profitably  exi^ended  in  fiscal  year  ending  June  30, 1882.     29, 500  00 


resurvkv  of  trinity  river,  texas,  from  its  mouth  to  the 
bridge  of  the  great  northern  railroad. 

United  States  Engineer  Office, 

Oalveston,  Tex.y  March  20, 1880. 

General  :  I  have  tbe  honor  to  submit  the  following  report  on  re- 
survey  of  Trinity  River,  Texas,  from  its  mouth  to  the  bridge  of  the  Great 
Northern  Kailroad. 

This  survey  was  made  in  pursuance  of  the  act  of  Congress  approved 
March  3, 1879,  by  Mr.  W.  L.  Webb,  assistant  engineer,  under  the  imme- 
diate supervision  of  Capt.  C.  E.  L.  B.  Davis,  Corps  of  Engineers.  Begun 
in  September,  1879,  the  field  work  was  completed  in  November. 

The  object  of  the  survey  was  to  determine  the  improvements  necessary 
to  be  made  to  open  the  river  to  navigation,  and  thereby  accommodate 
and  increase  the  commerce  of  the  region  through  which  the  river  runs. 
Mr.  Webb's  report  sho^  s  that  above  Liberty,  the  head  of  tide- water, 
and  41  miles  from  its  mouth,  no  sufficient  improvements  can  be  made 
except  at  a  cost  out  of  all  proportion  to  the  importance  of  the  mteTea\» 
to  be  bene/Jted^  tbe  river  being  a  succession  of  rocky  or  grave\  a\iO»\»^ 
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"NT ith  deep  pools  between,  very  tortuous,  with  abrupt  bends,  aud  filled  v 
snags  which  become  waterlogged  and  are  not  carried  oft'  during  the  h 
stage  of  tlie  river.  Below,  the  character  of  the  river  changes  entin 
Between  Liberty  and  Moss  Bluff  it  varies  in  width  from  200  to  275  i 
aud  in  depth  from  5  to  30  feet,  with  the  exception  of  a  bar  with  2  : 
water  over  it  4J  miles  below  Liberty.  From  Moss  Bluff  to  the  mouti 
the  river  it  opens  out  to  500  feet  in  width  and  a  depth  of  from  10  t( 
feet,  free  from  any  obstruction. 

The  river  flows  into  Galveston  Bay  through  four  principal  chani 
and  a  number  of  small  bayous. 

Two  appropriations  have  been  made  for  improving  the  mouth  of 
river;  one  of  $10,000  in  1878-'79,  and  one  of  $2,500  in  1879-'80;  and 
work  of  deepening  one  of  the  channels  over  the  bar  has  been  put  ou 
conti*act,  and  will  soon  be  executed.  There  will  only  remain,  then 
be  done  to  give  6  feet  of  water  at  all  times  to  Liberty,  the  cutting 
of  the  bar  4^  miles  below  the  town. 

The  following  estimate  is  given: 

Length  of  cut,  600  feet ;  average  depth  of  cut,  2  feet ;  cubic  yardi 
excavation,  3,511. 

This  is  a  small  amount,  and  if  it  could  be  removed  while  the  ( 
tractor  has  his  dredge  at  the  mouth  of  the  river,  it  could  be  done  i 
^mall  cost,  say,  50  cents  a  yard,  or  $1,755.50, 

No  commercial  statistics. 

The  work  is  located  in  the  collection  district  of  Galveston.     The  nearest  li«fht-lu 
Rod  Fish  Bar,  Galveston  Harbor. 

Verj'  respectfully,  your  obedient  servant, 

S.  M.  Mansfield, 
Major  of  Engineers j 
Bvi.  Lieut.  CoL,  IT.  ^^  ^ 
The  Chief  of  Engineers,  U.  S.  A. 


UKPOUT  OK   MR.    W.    L.    WEBB,   ASSISTANT  EXGIXEKII. 

BouvAR  Point,  Tex.,  January  29,  18; 

Captain  :  I  have  the  honor  to  submit  the  following  report  on  the  survey  ol 
Trinity  River,  Texas,  from  the  emssing  of  the  International  and  Great  Northern  J 
road  to  the  month  of  the  river,  made  under  your  direction,  from  September 
November  8,  1879. 

On  September  25,  1879,  I  arrived  at  Riverside,  Walker  County,  the  initial  poii 
the  survey.  September  27  the  boats  and  supplies  for  the  survey  were  received, 
M'ork  was  begun  on  the  28th.  The  appropriation  for  the  survey  being  small,  oe 
compass  and  stadia  line  was  run,  angles  being  measured  from  the  magnetic  meri< 
The  river  was  at  extreme  low-water  stage,  not  navigable  in  places  for  our  light  s) 
and  every  obstruction  to  navigation  was  in  full  view.  During  the  survey  the  i 
rose  a  few  inches,  and  then  fell  again  to  about  its  former  stage. 

September  28,  a  cross-section  was  made  at  the  International  and  Great  Nort 
Railroad  bridge,  but  the  velocity  was  so  small  and  floats  were  so  much  influence* 
the  wind  that  the  discharge  could  not  be  determined.  Twelve  miles  below,  the  am 
of  water  flowing  in  the  river  was  found  tio  be  about  60  cubic  feet  per  second.  ' 
amount  was  slightly  increased  lower  down  by  creeks  and  springs. 

GENEILVL  DESCKIPTION  OF  THE  RIVER. 

From  the  crossing  of  the  International  and  Great  Northern  Raih-oad  the  river  f 
in  a  southeasterly  direction  to  Marianna,  thence  south  by  east  to  it«  mouth.  Al 
International  and  Great  Northern  Railroad  bridge  it  is  the  boundary  between  Wa 
and  Trinity  counties.  Then  it  flows  between  Triuitv  and  San  Jacinto,  and 
Jacinto  and  Polk  counties,  then  through  the  center  of  Liberty  County,  and  thru 
CLawbera  County  into  Galveston  Bay. 
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The  river  flows  through  a  heavily-timbered  valley  2  or  3  miles  in  width,  horderjd 
hy  abrupt  bluffn  usually  covere<l  with  pino  furents.  At  hiufh-water  it  usually  overHows 
one  of  its  baukn,  and  at  places  both.  The  height  of  high-water  above  low- water  at 
the  Intematioual  aud  Great  Northern  Railroad  bridge  is  44.6  feet.  This  differeuoe  is 
l^adaally  lessened  at  an  almost  uniform  rate  of  0.1.5  foot  per  mile  until  the  head  of 
tide-wator  is  reached  at  Liberty,  high-water  there  being  22.8  feet  above  low-water. 
From  Liberty  to  the  mouth  of  the  river  it  diminishes  at  the  rate  of  0.6  foot  per  mile. 
The  river  usually  begins  to  rise  iu  September  and  reaches  its  height  in  February. 
From  Riverside  to  Chalk  Blulf  the  river  is  about  125  feet  wide  and  from  6  inches  to  30 
feet  deep,  being  a  succession  of  rocky  aud  gravel  shools  with  deep  curreutless  portions 
l>etweeu.    The  bends  are  large  and  the  banks  are  worn  very  little. 

From  Chalk  Bluff  to  Liberty  the  liver  is  fiora  150  to  250  feet  iu  width,  with  the 
hnme  accession  of  deep  portions  and  shoals  as  in  the  u])per  part,  the  shoals  being  sand 
(lepMitfl  with  very  short  distances  between.  The  river  is  very  tortuous,  with  abrupt 
heodA,  exposing  its  banks  alternately  to  the  action  of  the  current.  The  banks  at  higli- 
water  are  worn  away  on  one  side  and  built  out  on  the  other,  aud,  a^s  they  are  covered 
with  timber,  immense  quantities  are  drawn  into  the  river.  Tree<t  are  undermined  and 
soon  fill  the  bends  with  snags  which  become  waterlogged  and  are  not  carried  off 
(Inrin^  the  high  stage  of  the  river.  Any  imnrovement  of  this  part  of  the  river  should 
•  iDclude  the  girdling  or  cutting  away  of  timber  along  the  concave  banks.  There  is  an 
avera}(C  of  one  tree  1^  foot  in  diamett>r  to  every  30  feet  square.  The  concave  banks 
are  aluiost  vertical,  while  the  opposite  bank  frequently  lias  a  slope  of  1  to  10.  At 
these  beads  the  wat<»r  surface  at  low-wat«r  is  from  50  feet  to  100  fet't  wide. 

Several  cut-oils  have  been  formed  in  this  part  of  the  river,  and  one  is  now  partly 
made.  (8ee  map,  sheet  No.  4.)  It  is  1,250  feet  in  a  direct  line  from  the  upper  to  the 
lower  end  of  this  cut-off.  It  leaves  the  channel  above  and  comes  iuto  that  below  ;ir 
right  angles.  The  banks  are  about  20  feet  in  height  above  low-water.  High-watfr 
rise«2r>.6  feet  above  low- water,  and  5  feet  higher  than  the  bank.  The  channel  of  the 
cnt-off  is  do  feet  wide  at  its  upper  end  and  50  feet  at  the  lower  end,  and  is  a  succession 
(if  Doois  50  feet  to  75  feet  in  length,  and  15  feet  to  20  feet  deep,  with  narrow  partitions 
or  (lams  between,  which  are  20  feet  to  25  feet  thick,  measured  in  the  direction  of  the 
current,  and  which  rise  3  feet  to  4  feet  above  low-wat-^r.  At  the  time  of  the  survey  no 
water  woa  flowing  into  the  cut-off,  it  being  separated  fi*om  the  river  by  banks  3  feet 
nnd6feet  high  at  \tn  upper  and  lower  ends,  respectively.  Half  a  dozen  trees,  a  foot 
in  diameter,  growing  on  the  bank  at  the  upper  end  prevent  any  drift  from  entering 
thecut-otf. 

Half  n  mile  above  this  cut-off  there  is  a  width  of  about  120  feet  between  two  por- 
tions «f  the  river,  which  is  being  constantly  diminished  by  caving  on  each  side. 

At  Liberty,  41  miles  above  its  mouth,  the  river  is  affected  by  the  tide  and  changes 
it«  character  entirely.  Between  Liberty  and  Moss  Bluff  it  is  from  200  to  275  feet  iu 
width  and  5  feet  to  30  feet  in  depth,  with  the  exception  of  one  place  where  only  2  feet 
waafoond  for  a  distance  of  2<M)  feet.  There  are  few  snags,  the  banks  are  worn  very 
little,  and  uncovered  sand  bars  are  found  only  near  Liberty.  It  however  continues 
very  tortuous. 

»ooi  Moss  Bluff'  to  its  mouth,  it  is  200  feet  to  500  feet  wide  aud  10  feet  to  45  feet 
deep,  a  clear  open  channel  free  from  obstruction  of  every  kind. 

At  itN  mouth  the  river  flows  into  Galvest<m  Bay  through  four  principal  channels, 
Srmthwest,  Middle,  and  Anderson  Passes,  and  the  "Camil"  and  a  number  of  small 
hayons. 

TOWNS. 

Rivernide,  Walker  County,  at  the  crossing  of  the  International  and  Great  Northern 
Ifailroad.  has  3ston*s,  a  cotton-8ee<l-oil  mill  capable  of  producing  50  barrels  of  oil  ]»cr 
<lAy,  and  3  dwellings.  There  is  a  stone  <|uarry  here  worked  by  the  International  aud 
preat  Northern  Railroad  Company,  from  which  a  soft  sandstone,  excellent  for  build- 
io^puqMises  is  obtained  in  abundance;  1,056  bales  of  cotton  were  shipped  in  1878, 
and  about  800  bales  of  the  crop  of  1879  will  be  shipped,  all  of  it  going  by  way  of  the 
International  and  Great  Northern  Railroad.  An  average  of  1,000,000  feet,  board 
measure,  of  lumber  is  shipped  per  month  from  a  saw-mill  l^  miles  north  of  Riverside. 
No  steamboat  has  been  at  this  place  since  1870. 

Newport,  Walker  County,  on  the  west  bank  of  the  river,  2|  miles  below  Riverside, 
has  a  store  and  2  dwelling-houses.     There  is  a  public  ferry  here. 
The  site  of  Sevastopol  is  marked  bj'  the  ruius  of  a  warehouse. 
In  January,  1878,  the  steamer  Wren  went  up  to  Ryan's  Ferry,  17  miles  below  River- 
side, and  took  off  a  load  of  cotton.     No  steamboat  has  been  that  high  up  since.     In 
J870,  600  bales  of  cotton  were  carried  down  the  river  without  steam  power,  on  a  barge 
built  at  the  ferry. 

Swartwout,  Polk  County,  on  the  cast  bank  of  the  river,  has  4  dwelling-houses.     No 
business  is  done  here. 
Mariaun/i,  Polk  County,  75  wiles  below  Riverside  and  82  miles  above  li\\)eTtv,\\a&^ 
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^t^rcs,  a  school-honse  and  warehouse,  and  5  residences.    Wbile  Hteamboats  were 
igating  the  river  it  was  the  most  important  place  above  Liberty.    In  1879,  75  bait 
cotton  were  floated  down  the  river  on  a  fla^-boat.    The  steamer  Van  Biiskirk  mi 
two  trips  to  this  place,  one  in  January  and  another  in  April,  1879,  taking  oil' 450  bi 
of  cotton.     On  the  first  trip  she  was  detained  one  month,  and  on  the  second  t^ 
months,  by  the  falling  of  the  river.    The  Houston,  East  and  West  Texas  Narrow-gau^ 
Railroa^l,  now  under  construction,  crosses  the  Trinity  River  4^  miles  above  Mariauit! 
It  will  be  completed  to  Goodwich,  7  miles  north  of  Marianna,  by  July  1,  1880,  aoi^ 
will  carry  off  all  the  cotton  from  that  vicinity,  as  farmers  have  to  sell  as  early  as  p<»^, 
sible  and  cannot  depend  upon  a  rise  in  the  river.  \ 

Liberty,  county  seat  of  Liberty  County,  1  mile  west  of  the  river  and  41  miles  abow  \ 
its  mouth,  on  the  Texas  and  New  Orleans  Railroa<l,  is  by  far  the  most  important  plac--  ■) 
on  the  river.  It  has  300  inhabitant,  9  stores,  and  is  surrounded  by  a  thickly  settles  ^ 
country.  An  average  of  1,500  bales  of  cotton  is  8hip)>ed  per  annum  over  the  railroat  "iBB 
all  of  which  would  go  by  boats  if  the  river  were  free  from  obstiiiction.  Sugar-caii^i 
is  raised  in  small  quautities,  and  6  or  8  small  sugar-mills  in  the  vicinity  supi>1y  tl^  4 
sun'ouuding  country  with  sugar  and  molasses.  It  is  the  head  of  tide-watar,  and  tlv-  M 
river  is  usually  navigable  to  this  place  from  October  1  to  June  1,  if  boats  could  ger-  ^ 
oA'er  the  bar  at  at  the  mouth  of  the  river.  ^ 

Moss  Bluff,  21  miles  below  Liberty,  has  a  store  and  post-office  and  2  dwellings.  an«-^ 
ships  100  bales  of  cotton  per  annum  down  the  river  on  schoonei-s.  These  schoonei"=^ 
also  carry  cord-wood  and  lumber  from  above  and  below  Moss  Bluff. 

Wallisville,  the  county  seat  of  Chambers  County,  6  miles  above  the  mouth  of  tli^^ 
river,  has  2  stores,  a  post-office,  and  steam  cotton  gin,  and  about  200  inhabitants^ 
About  300  bales  of  cotton  are  shipped  per  annum  per  schooners. 

The  products  of  the  valley  and  adjacent  country  are  cotton,  com,  sugar-cane,  aiu^ 
lumber.     Cotton  receives  more  attention  than  any  other  crop,  and  is  cultivated  witlt 
success.    Near  the  mouth  of  the  river  sea-island  cotton  is  produced.    The  valley  i» 
covered  with  forests  of  oak,  gum,  walnut,  cypress,  and  other  timber,  and  the  adjacent 
hills  are  covered  with  pine.    First-class  building  stone  is  found  in  the  vicinity  of  Riv- 
erside. 

The  chief  exports  of  the  valley  are  cotton,  cord-wood,  and  lumber.  The  cane  used 
in  the  gabionnade  now  under  construction  at  the  entrance  to  Galveston  Harbor  is  ob- 
tained from  the  banks  of  the  Trinity  and  transported  to  Bolivar  Point  in  schooners. 

One  steamboat  was  engaged  in  the  river  trade  in  1879,  but  is  not  expected  to  re- 
sume the  trade  in  1880. 

IMPROVEMEKTS. 

Below  Liberty  the  only  improvements  needed  to  produce  a  channel  75  teet  wide  and 
5  feet  deep  at  low  tide  are  the  dredging  of  a  sand  bar  4|  miles  below  Liberty  and  the 
■bar  at  the  mouth  of  the  river  and  the  removal  of  about  30  snag^. 
The  estimates  of  material  to  be  excavated  are : 

For  the  sand  bar, — Length  of  cut,  600  feet;  average  depth,  2.0  feet;  cubic  yanls  of 
excavation,  3,511. 

For  tht  mouth  of  the  Middle  Pass. — I^ength  of  cut,  2,200  feet ;  average  depth,  1.7  feet ; 
cubic  yards  of  excavation,  9,719. 

Above  Liberty  the  improvements  will  consist  of  removing  snags  and  cutting  down 
or  girdling  trees  on  the  concave  banks.     The  snags  will  average  25  per  mile,  and  the 
trees  on  the  bank  1  tree  to  30  feet  sf)uare. 
Respectfully, 

W.  L.  Webij, 

AnmstaHt  Knginter. 
Capt.  C.  E.  L.  B.  Davis, 

Corps  of  Engineers,  U.  S.  J. 


N  0, 
IMPROVING  CHANNEL  OVER  BAR  AT  MOUTH  OF  BRAZOS  RIVER.  TEXAS. 

Report  of  Chief  of  Engineers  for  1875,  Appendix  S  8,  pp.  929-941, 
describes  the  entrance  and  gives  plans  and  estimates  for  the  improve- 
ment of  the  channel  over  bar. 

The  Brazos  River  debouches  into  the  Gulf  of  Mexico  through  a  single  natural 
outlet.     •     »     • 
The  river  preservea  a  nearly  nniforiu  width  and  depth  from  the  coast  for  several 


^ 
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miles  up  stream «  the  width  averaging  from  500  to  600  feet,  the  depth  from  15  to  18 
feet 

Tlie  bed  of  the  river  is  soft  mud ;  the  banks,  except  at  a  few  points,  are  above  over- 
flow. 

At  the  mouth  a  bar  has  been  formed,  composed  of  sand  overlying  a  bed  of  bine  clay 

in  position. 

«  •  •  »  •  •  • 

The  crest  of  the  bar  is  about  three-eighths  of  a  mile  from  the  shore  line.     •     *     » 
The  depth  of  water  available  for  crossing  is  ordinarily  between  7  and  8  feet.     »     *     *- 

EECOMXENDATIONS. 

Construction  of  two  jetties  starting  fh)m  the  headlands  at  the  mouth 
of  the  river,  following  the  sides  of  the  natural  channel  across  the  bar,. 
and  converging  so  as  to  give  an  opening  between  their  heads  on  the 
crest  of  the  bar  of  about  400  feet.  The  greatest  length  to  be  given  each 
jetty,  five-eighths  of  a  mile. 

APPKOXIMATE  KSTIMATE. 

Palmetto  piles,  1  foot  dianneter,  15  feet  long 6, 000 

Palmetto  piles,  1  foot  diameter,  !{0  feet  long 4,000 

Linear  feet  yellow-pine  stringera,  8  by  12  iuolies 8,000 

Linear  feet  vellow-pine  anchor-piles,  8  by  12  iuchen 14, 000 

Cobicvards  stone 20,000 

Cabicvards fascines..... , 20,000 

PoundJ  bolts 30,000 

Total  cost,  1286,484. 

EFFECTS  TO  BE  CAUSED  BY  THE  JETTIES. 

Ist.  Concentration  of  river-discharge  directly  on  the  bar,  with  in* 
crea8e<l  velocity  of  current,  causing  erosion  of  a  deeper  channel. 

2d.  Deepening  of  river-bed  for  several  miles  above  the  bar. 

3d.  The  accumulation  of  sand  behind  the  jetties,  thereby  extending^ 
the  headlands  at  the  river's  mouth. 

4th.  A  slow  extension  of  the  bar  gulfwaitl,  necessitating  in  the  course 
of  time  an  extension  of  the  jetties. 

In  addition  to  the  estimate  of  $28G,434,  as  above  given,  attention  is 
invited  to  Report  of  Chief  of  Engineers,  i)p.  93i^94(>,  1879. 

The  first  appropriation  for  this  point,  applicable  to  improving  channel 
over  bar  at  mouth  of  Brazos  River,  Texas,  including  a  report  upon  the 
capacity  of  the  harbor  at  the  mouth  of  the  Brazos  and  its  adaptability 
as  a  harbor  of  refuge  and  naval  station,  $40,000,  was  made  by  act  of 
Congress  approved  June  14, 1880. 

PROBABLE  OPERATIONS  OF  THE  YEAR  1880-'81. 

The  report  upon  the  capacity  of  the  harbor  and  its  adaptability  as  a 
harbor  of  refuge  and  naval  station  will  be  rendered  immediately  after 
the  examination,  &c.,  necessary  is  made. 

Actual  work— improvement  of  the  harbor — will  commence  early  this 
fell,  and  an  excellent  beginning  can  be  made  here  with  the  funds  now 
made  available. 

^ginal  estimate  (incomplt^te) $286,484 

Appropriated 40,000 

Unappropriated  balance 246, 484 

Of  which  amount  $100,000  can  be  profitably  expended  in  constructirg 
jetties  during  the  fiscal  year  ending  June  30,  1882. 
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The  work  is  not  considered  as  susceptible  of  permanent  completio 
and  estimates  will  vary  accordingly. 

It  is  located  in  the  collectiou  district  of  GalveHton,  aud  the  iieiirest  light  bouse  is 
entrance  to  Galveston  Harhor. 


Money  statement. 


Amount  appropriated  hv  act  approved  June  14,  1880 $40, 000 

July  1,  18«0,  amount  available 40,000 

Amount  (estimated)  required  for  completion  of  existing  project 246, 484 

Amount  that  can  be  profitably  expended  in  fiscal  year  ending  June  30, 1882.  100, 000 


N  7- 

IMPEOVEMEXT  OF  PASS  CAVALLO  INLET  TO  MATAGORDA  BAY,  TEX 

First  survey  made  in  1871 ;  report  rendered  May  2,  1871. 

Second  survey,  ^'  at  the  entrance  of  Matagorda  Bay  and  the  cliau 
to  Indianola,  Tex.,"  was  made  in  1873,  and  report  forwarded  Febru 
4, 1874  ]  recommendations^  &c.,  for  a  system  of  training  walls  and 
ties  (gabion  structure),  to  insure  a  single  channel  across  the  bar  wit 
depth  of  18  or  20  feet,  and  a  width  of  from  500  to  1,000  feet.  Estim 
$715,315. 

Appropriated^  August  14,  1876 $20 

Appropriated,  June  18,  1878 25 

Ee-examination  of  the  pass  was  made  between  August  21  and  S 
tember  23,  1878;  from  report  of  which  the  officer  in  charge  conclm 
April  12,  1879,  to  recommend  that  the  subject  of  improvement  of 
pass  (with  the  funds  available,  $70,000)  be  laid  before  a  Board  of 
gineers.  Report  of  Board  (convened  by  Special  Order  No.  63,  h( 
quarters  Corps  of  Engineers,  1879)  recommends : 

1.  Construction  of  one  jetty,  starting  from  the  head  of  Matagt 
Island  and  running  in  a  southeasterly  direction )  and, 

2.  For  construction  of  groins  to  protect  the  shores  where  protec 
becomes  necessary. 

Object  of  jetty,  to  obtain  a  depth  of  12  feet  over  the  bar. 

KSTIMATK. 

Jetty  1,000  feet,  6  feet  high,  7^  feet  wide  at  top,  at  $30 $3< 

Jetty  6,550  feet,  10  feet  high,  20  feet  wide  at  top,  at  $100 65J 

691 
Contingencies,  10  per  cent 6! 

Total 76< 

Groins  for  shore  protection. 

5,400  feet  on  shore,  at  $3 |1< 

6, 600  feet,  at  $36 t 23: 

25; 

•Contingencies,  10  i)or  cent 2$ 

Total 27t 

See  report  of  Board  of  Engineers  for  1879,  published  herewitli. 
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PROGRESS  3IADE  DURING   THE   YEAR  ENDING  JUNE  30,  1880. 

PrepariDg  for  the  conduct  of  the  work  outlined  by  the  Board  of  Y.n- 
gineers,  under  the  several  appropriations  given — 

August  14,  1876 $20,000 

June  18, 1878 25,000 

March3,1879 25,000 

June  14, 1880 50,000 

Aggregate 120,000 

PROPOSED  OPERATIONS  FOR  THE  YEAR  1880-'81. 

Construction  of  works  in  the  manner  planned  by  the  Engineer  Board, 
to  the  extent  of  available  funds,  by  contract,  after  inviting  proposals  in 
the  usual  manner. 

Original  estimate  (1879) 61, 0:^,180 

Appropriated  (187()-'80) 120,000 

UDappropriated  balance 919, 180 

Of  which  sum  $200,000  can  be  profitably  expended  during  the  year, 
in  constructing  the  works  of  improvement  projected. 

The  work  is  located  in  the  collection  district  of  Indianola,Tex.,  and  near  Matapirda 
light-house. 

Money  statement 

%  1, 1^9,  amount  available |67,668  59 

AmoQut  appropriated  by  act  approved  June  14,  1880 50, 000  00 

1117,068  59 

•'oly  1, 18eO,  amount  expended  during  fiscal  year 536  79 

Jalyl,i880,  amount  available 117,131  80 

Amount  (estimated)  reqnired  for  completion  of  existing  project 919, 180  00 

Amonnt  that  can  be  profitably  expended  in  fiscal  year  ending  June  30, 1882.     200, 000  00 


N  8. 

^^ROVEMENT  OF  ARANSAS  PASS  AND  BAY  UP  TO  ROCKPORT  AND  COR- 
PUS CHRISTI,  TEXAS. 

lu  1871  survey  was  made,  report  of  which  was  rendered  Ariril  1, 
1871. 

In  1878  a  "  survey  of  Aransas  Pass  and  Bay  up  to  Rockport  and  Cor- 
pus Christ!  Pass  and  Channel"  was  made.  Plans  and  estimates  for  im- 
provement were  rendered  February  1,  1879. 

Estimate  (for  outer  bar  and  protection  of  Mustang  Island) |186, 845  00 

Estimate  (for  inside  work,  dam,  dredging,  &.c,).... 441,537  75 

Appropriated  March  3,  1879 35,000  00 

The  subject  of  the  improvement  of  this  pass  and  bay  was  referred!  to 
a  Board  of  Engineers,  and  their  report,  dated  August  9, 1879,  published 
herewith,  gives  all  attainable  information.  They  submit  projects  and 
^timates  as  follows : 

Parallel  jetties  from  the  south  end  of  Saint  Joseph's  Island  and  the 
north  end  of  Mustang  Island,  contracting  width  of  water-way,  and  car- 
ried out  a  sufficient  distance  to  attbrd  a  draught  of  12  feet  at  mean  low- 
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water  over  the  bar,  and  of  groins  for  the  protection  of  the  head  < 
Mustang  Island  up  to  and  beyond  Titrtle  Cove,  in  coi\j unction  with 
•beach-flooring  of  mattresses. 

BSTI  MATES. 

For  the  Posh. 

North  jetty ♦344,a 

South  jetty 203,91 

•Groins 26,* 

Shore  protection 24, 0( 

'Contingeucies,  10  per  cent 68,8 

Planting  trees  on  Saint  Joseph's  Island 2,0> 

Aggregate ; 759,1' 

For  the  Bay, 
{"Major  Howeirs  report,  1879 $441,537: 

PROGRESS  MADE  DURING  YEAR  ENDING  JUNE   30,  1880. 

Prelimiaary  meisur3s  for  the  conduct  of  the  work  of  improvement,  s 
outlined  by  the  Board  of  Engineers,  were  taken  early  in  April,  and  da 
ing  May  and  June  the  work  proceeded  fairly  satisfactorily. 

The  principal  hinderance  to  rapid  progress  was  the  delay  experience 
in  procuring  material,  owing  to  the  general  bad  weather  along  the  coa 
and  the  unusually  high  stage  of  water  at  the  pass  and  in  the  bay.  Pr 
paratory  arrangements  for  the  constant  supply  of  stone,  brush,  &c., 
be  furnished  were  made,  and  now  that  accommodations  are  in  complc 
order  for  the  working-force  it  is  expected  that  work  upon  the  improv 
ment  of  the  pass  will  proceed  rapidly  to  the  exhaustion  of  funds  avai 
able  for  expenditure — appropriation  of  1879 — ^in  doing  work  by  hir 
labor  and  purchasing  materials  in  open  market. 

There  were  constructed  two  frame  buildings,  viz,  one  lodging  ai 
boarding  house  (for  the  employes)  and  one  office  (for  use  of  assista 
in  charge),  also  the  necessary  accessiories  required. 

On  June  17  the  work  on  Harbor  Island  jetty  was  commenced,  m\ 
tresses  constructed  in  situ  in  shallow  water  (18  to  24  to  30  inches  whe 
they  are  to  remain),  from  thence  out  into  deep  water;  mattresses  to 
placed  in  regular  manner,  viz,  constructed  on  platform,  launched,  tow 
to  place,  and  then  sunk  as  required. 

A  forming  platform  for  construction  is  well  under  way  and  will 
ready  for  work  the  early  part  of  Jul^". 

PROBABLE  OPERATIONS  OF  THE  YEAR  ENDING  JUNE  30,  1881. 

Continuation  of  work  in  accordance  with  the  views  expressed  by  t 
Board  of  Engineers,  the  method  of  procedure,  &c.,  being  subject 
*' approved  modifications''  during  the  continuance  of  the  work. 

The  $35,000  appropriated  in  1879  will  be  exhausted  in  work  done 
hired  labor  and  purchase  of  material  in  open  market. 

The  $65,000  appropriated  in  1S80  will  be  applied  to  continuing  wa 
by  contract  after  inviting  proposals  in  the  usual  way. 

Original  estimate  (1879) $1,200,722 

Appropriated  (1879-^80) 100,iOt> 

Total 1,100,722 
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Of  this  aiftdttnt  #200,000  can  be  very  profitably  expended  in  the  fiscal 
year  ending  June  30, 1882,  in  constructing  jetties,  &c.,  in  accordance- 
with  approved  plans  for  the  improvement  of  the  pass. 

STATISTICS. 

The  letter  of  June  30, 1880,  with  aecompanying  papers,  1  to  7  inclu- 
sive, from  Col.  Thomas  S.  Sedgwick,  my  assistant  in  immediate  charge 
of  the  work  of  improvement  at  Aransas  Pass,  is  given  herewith ;  also 
attached  hereto  is  a  copy  of  a  letter  of  recent  date  (June,  1880)  re- 
ceived from  Mr,  G.  W.  Fulton. 

The  work  is  located  in  tlie  collection  district  of  Corpns  Cliristi,  and  the  nearest  light- 
Louse  is  at  Aransas  Pa.ss. 

Money  statement 

Jnly  1,1879,  amonnt  available $35,000  00 

Amount  appropriated  by  act  approved  Jnne  14,  IStiO 65, 000  00 

$100,000  00 

July  1. 1880,  amonnt  expended  dnring  fiscal  year 5, 694  99 

Jnlv  1, 1«80,  outstanding  liabilities 2,000  00 

7,694  99 


Julj  1,1880,  amount  available 92,305  01 

Amount  (estimatetl)  required  for  completion  of  existing  project 1, 100, 722  75 

Amonnt  that  can  be  pntntably  expended  in  fiscal  year  ending  June  30, 1882.     200, 000  00 


COMMEKCIAL    STATISTICS,    ETC. — REfOIlT    OF    MR.     THOMAS    S.    SEDGWICK,   ASSISTANT 

ENGINEER. 

Aransas  Pass,  Texas,  June  30,  1880. 

SiK:  I  have  tbe  honor  to  transmit  the  following  tables  of  statistics  of  commerce  and 
rtrade  of  the  bays  entered  from  this  pjujs  and  the  towns  thereon : 

CORPUS  CIIRISTI   CrSTOM-lIOtTSE. 

i-^tatcment  of  arrival  of  vessels. 

'■^'  Statement  of  entries  of  vessels  and  tonnage  inside. 

•i -^Statement  of  vessels  entered  and  cleare<l  via  Pass. 

^'  ^ipmenta  and  receipts  over  Corpns  Christi  Wharf  Company's  Wharf. 

->•  Shipment  of  cattle  by  Coleman  &  Fulton  at  Rockport. 

]j«  Products  shimied  by  Boston  Beef- Packing  Company,  Fulton. 

*•  Amival  and  departni*es  at  Aransas  Pass,  and  average  stage  of  water, 

The  8tatement  of  Mr.  E.  F.  Mercer  is  very  interesting  as  showing  the  average  stage 
'  '^f  wat«r  <in  the  bar  for  each  month  for  the  last  five  yeara,  and  his  remarks  in  reganl 
J^»the  character  of  vessels  arriving  and  departing  as  the  water  on  the  bar  decreased. 
■"Pom  November,  1879,  to  June,  1880,  inclusive,  there  have  been  no  arrivals  of  steam- 
^^8  repilarly  in  trade,  those  arriving  and  departing  in  February  and  March  being  an 
**  occasional"  regular  steamship  and  a  steam  combined  four-masted  schooner  (the  Sid- 
"nry)  bnilt  for  this  special  trade,  now  running,  classed  as  sail. 

.  Statement- No.  1  shows  a  great  falling  oif  of  arrivals  via  the  Pass,  and  a  correspond- 
•i^K  increase  of  arrivals  from  inside  coastwise  waters. 

Statement  No.  2  shows  the  greatly  incTcasi'd  business  for  inside  ports  from  4  entries 
•  ^nd  no  clearances  in  1878  to  141  entVies  and  ($2  clearances  in  1879. 

J^tatemeut  No.  3  shows  a  decrea^  of  tonnage  from  70,768  tons  in  1877  to  47,729  in 
^^"f^,  and  to  3^76  in  1879,  a  decrease  of  95  per  cent,  in  two  years  in  both  entries  and 
^^farances. 

Statement  ^o.  2  shows  the  coiTespondiiig  iucrease. 

Statement  No.  4,  with  letter  of  Mr.  l)o(hlridge,  explains  that  the  change  of  tonnage 
*"^1  character  of  .vessels,  tw  state<l  by  Pilot  Mercer,  has  cost  the  commerce  of  Corpus 
^JiriHti  alone  $65,000  for  the  past  year. 

'St.vteiucnt  No.  5  sliows  that  the'  business  of  CcHeman  &   Fulton  has  gradually  de- 
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creased  to  1677,  and  is  now  snspcuded  from  this  port.     Rockpoii;  is  almost  deserted  in 
business. 

Statement  No.  6  shows  tlie  eflfect  on  the  industries  established  here  under  the  most 
favorable  circumstances..  It  is  doubtful  whether  the  Boston  Beef-Packing  and  Can- 
ning Company  will  resume  operations  until  there  is  an  increased  depth  of  water  on 
the  bar. 

Statement  No.  7  shows  that  while  the  depth  of  water  on  the  bar  was  8  feet  and  more, 
the  average  arrivals  of  steam  vessels  was  ?),  7,  or  8  per  mouth — about  two  each  week, 
indicating  the  regular  demand  for  steam  transportation.  You  will  further  obsene 
that  as  the  bar  shoaled  to  a  depth  below  8  feet  there  was  a  marked  falling  off  of  biui- 
ness  per  steam  vessels.  They  seemed  loth  to  abandon  the  trade,  and  held  ou  while 
there  were  7^  and  7  feot  of  water,  evidently  hoping  for  some  favorable  change  on  the 
bar. 

This  feature  is  instructive,  as  showing  that  8  feet  of  wat«r  on  the  bar  has  been  suf- 
ficient for  the  demands  of  commerce. 

The  greater  number  of  arrivals  and  departures  of  steam  vessels  during  the  months 
of  September,  October,  November,  and  December,  1877,  indicate  a  promised  and  in- 
creased commerce  for  these  bays,  which  was  disappointed  because  of  the  shoaling  <»t' 
the  bar  to  7|  feet. 

The  increase  of  water  on  the  bar  from  8|  to  11  feet  was  caused  by  a  severe  north- 
wester that  blew  on  the  16th  of  September,  1875,  accompanied  with  such  heavy  rain- 
fall that  a  fire  could  not  be  kept  up  in  a  common  fire-place. 

The  channel  then  made  held  about  the  same  relative  position  with  the  north  end  of 
Mustang  Island  as  does  the  present  one. 

I  am,  very  respectfully,  your  obedient  servant, 

Thomas  S.  Skdgwick, 

AHHitttutit  J'^Hgheir, 

Maj.  S.  M.  Max8fikli>, 

Corpa  of  KngineerK, 


List  of  arrivals  of  vesseh  at  port  of  Corpus  Christij   Tvx,^  from  January j  1876,  to  Jttm  ^  ^ 

1880,  inclusive. 


Total  lor  rear. 


1876 

1877 

1878 

1870 

1880 

Total 


Thronf^h  Axan- 
sas  Pass. 

From  inaide. 

No.    Tonnage. 

1 

No. 

Tonnage. 

156 
188 
177 
137 
68 

51,557 
75,065 
48,257 
7,867 
11, 351 

800 
434 
402 
608 
251 

5,003 
6,745 
6,600 
10,463 
4,874 

726 

194,007 

2,004 

33,784 

Remarks. 


Only  for  aix  months. 


Statement  of  vessels  and  their  tonnage  entered  and  cleared  at  Corpus  Christi,  Tex,,  for  t»»»< 

ports,  from  January^  1876,  to  June,  1880,  inclusive. 


Total  for 

year. 

1 

Entered. 

Cleared. 
No.    Tonnage. 

■ 

Remark  B. 

No. 

Tonnage. 

1876. 

...1        5 

80 

5                80 

1877  . 

1 

No  trauftactioBa. 

1878. 

4 
...      141 

62 
3,  025 
1,813 

No  clearaucea 

1879  . 

62           i,246 
20  1            652 

1880. 

Total 

74 

Oidy  for  aix  months 

. . .      224 

4,980 

93           1, 972 
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Statement  of  vessels  and  their  tonnage  entered  and  cleared  at  Corpus  Christif   Tex.^   via 
Aransas  PasSjfrom  January,  1876,  to  June^  1880,  inclusive. 


ToUl  for  year. 


Entered. 


Cleared. 


187« 

1877 

\9l% 

1879 

1880 

Total 


09 
100 
7» 
61 
32 


341 


No.    Tonnage.    No.    Tonnage. 


46.401 

70,768 

47,729 

3,276 

9,005 


70 
84 
57 
34 
9 


47, 415 

56.882 

35,846 

2,325 

6,718 


177, 179       254  I    148, 686 


Remarks. 


Only  for  ^ix  months. 


LETTER  OF  COKPU8  CHRI8TI   WHARF  AND  WAREHOUSE  COMPANY. 

Corpus  Christi,  Tex.,  June  28,  1880. 

Dear  Sir:  I  herewith  inoloae  you  a  statement  of  receipts  and  shipments  over  oar 
wharves  for  the  but  year. 

Before  the  closing  of  Aransas  Bar  all  this  freight  came  and  went  by  that  route,  but, 
owing  to  the  closing  of  the  bar,  most  of  it  now  goes  by  lighters  through  the  bays  to 
Indianola  for  shipment,  at  an  additional  cost  to  the  producer  and  consumer  of  about 
15  cents  per  100  pounds,  say  $3  per  ton  on  the  whole,  as  what  few  vessels  now  cross 
the  bar  are  of  light  draught  and  small  canying  capacity,  and  charge  a  much  higher 
rate  of  freight  than  we  formerly  had  while  the  bar  was  open  and  we  could  get  a  l£^er 
class  of  vessels  and  steamers  in. 

The  rates  of  lighterage  since  I  gave  a  former  report  to  Hon.  C.  Upson,  M.  C,  from. 
our  district,  have  been  reduced,  so  that  we  now  pay  15  cents  per  100  pounds  instead  of 
25  cents  at  that  time. 

I  estimate  the  actual  extra  expense  for  this  year,  for  above  reasons,  at  about  $65,000 
for  goods  shipped  to  and  from  Corpus  Christi. 
Yours,  resi)ectfully, 

P.  Doddridge, 
Treasurer  Corpus  Christi  Wharf  and  Warehouse  Company. 
Col.  Thos.  S.  Sedgwick. 


ceipts  and  shipments  over  the  wharves  of  Corpus  Christi,  Tex,,  from  July  1, 1879,  to  June 

28,  1880. 


Articles. 


BHIFMKim. 

Wool pounds.. 

HideA,  green  salted number.. 

B<me0 tons.. 

Kips,  dry pounds.. 

Sheep head.. 

Hide«.dry number.. 

Skins  * pounds.. 

Horae-hair do — 

Tallow '. barrels. 

RBCBIFT8. 

Merchandise barrels.. 

Lumber feet., 

Shingles number. 


Quantity. 


6,500,000 

1,700 

154 

177,000 

800 

66,000 

792.000 

42,000 

65 


120.000 
4,500,000 
1«  500, 000 


P.  DODDKIDOB, 

Treasurer  Corpus  Christi  Wharf  and  Warehoiue  Company. 


Letter  of  Messrs.  coleman  a  fulton. 

RoCKPORT,  Tex.,  June  30,  1880. 

Sir  :  In  accordance  with  your  request  we  hand  you  herewith  the  total  number  of 
cattle  shipped  from  this  port  for  New  Orleans.  This  constitutes  about  one-third  of  our 
entire  shipments,  the  balance  having  been  shipped  from  Indianola,  prlncipaUy  to  C\ib«k« 

79  IS 
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From  this  port  for  New  Orleana,  say— 
1873 t 

1874 a 

1875 2 

1876 1 

1877 I 

Total 10 

In  1878  a  very  few  cattle  were  shipped— only  one  load — and  since  then  we  have 
completely  shut  in  from  the  world  in  consequence  of  the  closing  of  the  bar. 
Yours,  truly, 

Coleman  &  Fult 
Col.  Thos.  S.  Sedgwick. 


LETTER  OF  BOSTON  BEEF-PACKING  COBfPANY. 

Fulton,  Tex.,  June  25,  U 

Colonel:  By  request  of  Col.  O.  W.  Fulton  we  inclose  herewith  statement  she 
the  amount  of  our  exports  and  imports  and  the  effect  of  the  shoaling  of  Aransai 
Bar  on  our  business. 

Very  respectfully, 

Boston  Beef-Packing  Cohpa 
G.  M.  Cox. 
Col.  Thos.  Sedgwick. 

Statement  of  production  of  Boston  Beef-Pticking  Company  at  Fulton,  Aransas  County, '. 

for  the  season  of  1879-^80,  exported  through  Aransas  Pass, 


Articles. 

Quantity. 

Articles. 

Qua 

Hides ponnds.. 

Calf-skins do 

Tallow -r ,.---.  do 

1,246,200 

8,526 

1, 142, 360 

2,492,400 

31,155 

12,800 

83,080 

35,309 

20, 770 

Shin-bones pounds.. 

Knuckles do 

Hair do 

"RAef  (in  tin) do 

Tonfirne  (in  tin) do 

N'eaPs-foot  oil do .... 

Tankings do 

Total 

i 

5,1 

Blood do 

Rethes do.... 

Hoofs do 

Horns number.. 

The  cost  of  freight  and  extra  charges  (necessitated  by  indirect  communical 
the  excess  of  what  we  paid  during  the  season  of  1877  and  1878,  has  been  about  |2( 
and  in  addition  thereto  we  have  had  to  build  extra  warehouses  for  the  storaj 
coarse  products,  the  profit  on  which  will  not  admit  of  the  payment  of  heavy  ire 
caused  by  the  snoaling  of  the  bar. 

We  have  now  on  hand  over  a  million  pounds  of  fertilizers,  &.C.,  awaiting  favo: 
churter. 

Our  imports  of  supplies  for  the  season  amounted  to  about  2,500,000  pounds. 


LETTEB  OF  MR.  ED.   T.   MERCER,  BRANCH  PILOT,  ARANSAS  BAR. 

Aransas  Pass,  Texas,  June  30, 16 

I  have  the  pleasure  to  hand  yon  herewith  a  statement  of  the  arrivals  anddepar 
over  this  bar  for  the  last  five  years,  together  with  the  average  depth  of  water  di 
that  time,  taken  from  log-book  kept  at  this  station. 

1  respectfully  direct  your  attention  to  the  difference  of  tonnage  at  the  time  th 
afibrded  from  8  feet  and  upwards  and  then  when  the  bar  shoaled  to  7-^  feet. 

When  we  had  from  8  to  10  feet,  the  steamships  were  of  the  Morgan  line,  and  o1 
carrying  from  3,000  to  5,000  barrels  of  merchandise,  inward  and  outward,  full  ca 
of  wool,  hides,  canned  meats,  and  live-stock,  drawing  from  8  to  9  feet;  the  saic 
sels  trading  from  New  York,  Boston,  Philadelphia,  and  other  ports,  were  from  S 
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^  tana,  canying  cargoes  of  merchandise  inward  on  draft  of  from  8  to  10  feet,  and 
/all  caigoes  ontward  on  8  to  9  feet;  also  a  number  of  large  sailing  vessels  employed 
in  the  Imnber  trade  on  drafb  of  8  to  9  leet. 

When  the  bar  shoaled  to  7^  feet,  the  large  steamships  and  sailing  vessels  were  com- 
i^eiled  to  haul  off  from  the  trade,  and  ones  of  lighter  draft  were  used  until  the  bar 
ibosded  to  6  feet,  when  all  the  steamships  haul^  off  also  the  sailing  vessels,  only 
thoae  of  very  light  draft,  of  the  capacity  of  300  to  1,000  barrels. 

The  lumber  trade  was  changed  to  small  coasters  of  from  20,000  to  70,000  feet  capac- 
ity, and  the  bar  at  the  present  time  can  be  crossed  only  when  very  smooth.   . 
Yours,  respectfully, 

£d.  T.  Mercer, 
Branch  Pilot j  Aransas  Bar, 
Col  Thos.  S.  Sedgwick, 

Assistant  Engineer. 
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LETTER  OP  MR.    G.    W.   FULTON. 

Fulton,  Tex.,  June  — ,  1880. 

Dear  Sir  :  The  interest  evinced  by  you  in  your  favor  of  11th  instant  for  the  success- 
fol  prosecution  of  the  improvement  of  Aransas  Pass,  now  under  your  charge,  induces 
me  to  lay  before  you  my  views  of  the  importance  of  that  work  with  regard  to  local  as 
well  as  national  interests. 

In  the  years  1837-'38  and  *39,  in  the  two  latter  as  collector  of  customs  for  this  dis- 
trict under  the  Republic  of  Texas,  I  became  intimately  acquainted  with  its  condition 
at  that  time,  when  vessels  drawing  12  to  14  feet  passed  over  safely,  and  became  fully 
conTincM  of  its  future  importance  to  the  commerce  of  a  large  area  of  country  then 
almost  uninhabited,  and  the  land,  except  along  river  and  bay  fronts,  exclusively  the 
property  of  the  State.  Now  there  is  scarcely  an  acre  of  public  land  within  an  area  of 
•200  miles  firom  this  point  as  a  center,  and  the  country  is  rapidly  settling  beyond  toward 
the  Upper  Rio  Grande,  which,  from  its  mouth  in  latitude  26°  to  a  point  due  west  from 
here  in  latitude  28^,  does  not  vary  20  miles  from  the  quadrant  of  a  circle  of  200  miles 
radius.  Beyond  that  i>oint  the  Rio  Grande  stretches  to  the  northwest  and  the  Gulf 
coast  to  the' northeast,  whereby  Aransas  remains  the  focal  point  of  the  vast  region  to 
El  Paso  and  beyond. 

Aransas  is  the  central  point  of  the  great  cattle-producing  country  of  West  Texas. 
Between  1868,  at  which  time  the  writer  returned  to  Texas,  and  the  closing  of  the  bar 
in  1878,  at  least  half  a  million  head  of  cattle,  either  alive  or  slaughtered,. passed  over 
the  bar;  also,  great  numbers  of  horses,  sheep,  and  hogs,  as  well  as  the  large  wool 
clip  of  West  Texas,  and  the  hides,  wool,  lead,  &c.,  of  Mexico,  and  the  retiim  cargoes 
for  that  market :  also,  a  large  lumber  trade  and  general  supplies  for  the  surrounding 
country  for  one  nundred  miles  north  and  west  to  the  Rio  Grande.     Since  then  this 
large  cattle  business  has  dwindled  to  the  extent  of  corned  meat  from  one  establish- 
ment, the  Boston  Beef-Packing  Company,  at  this  place,  which  has  been  obliged  to 
bear  the  extra  expense  of  lighterage  to  Indianola  or  Galveston  upon  its  large  opera- 
tions, and  the  wool  and  Mexican  trade  of  Corpus  Christi  has  been  likewise  overbur- 
dened and  injured.     Of  the  future  of  the  region  depending  upon  Aransas  Pass  for  an 
outlet,  I  would  remark  that,  in  my  opinion,  it  is  destined  to  become  one  of  the  best 
agricultural  districts  in  the  South.     In  former  times  it  acquired  the  name  of  being 
**onlyfit  for  pasturage."    This  was  owing  to  the  fact  that  what  little  attempt  at 
farminff  was  made  was  by  small  farmers,  wnose  greater  interest  was  in  their  herds,  that 
demanded  their  exclusive  attention  at  a  time  that  should  have  been  exclusively  given 
to  their  crops,  which,  in  consequence,  were  universally  smothered  with  rank  weeds 
apon  their  return  from  the  spring  branding,  the  growth  of  weeds  shoring  the  strength 
of  the  ground,  which,  under  proper  culture,  would  have  produced  remunerative  crops. 
Within  the  last  decade  there  has  been  a  great  revolution  going  on,  that,  like  all  revo- 
lotions,  was  looked  upon  with  small  favor  by  those  accustomed  to  the  former  order  of 
things,  but  which  in  moral  and  industrial  effects  upon  the  country  is  only  now  begin- 
^g  to  be  understood  and  realized.     I  allude  to  the  fact  that  almost  the  entire  radius 
above  described  around  Aransas  has  been  inclosed  in  large  pastures  from  10,000  to 
^,000  acres  each.     Instead  of  the  former  abortive  efforte  at  farming,  the  pasture 
owners  are,  by  proper  tillage,  proving  that  good  and  regular  crops  may  be  dependetl 
•^pon;  this  will  lead  to  the  establishment  of  farms  on  suitable  spots  now  used  exclu- 
sively for  pa«tuntge ;  these  farmers  will  be  enabled  to  pay  for  their  lauds  from  the 
"^le  of  grain  and  forage  to  the  cattle  herders,  who  are  now  improving  their  stocks, 
'^d  when,  by  the  opening  of  Aransas  Pa^  to  foreign  shipping,  a  home  market  for 
?i^in-fed  beeves  will  be  established,  and  the  agricultural  and  pastoral  interests  of  the 
^nntry  will  be  harmonized  to  their  mutual  benefit. 

The  moral  tendencv  of  this  radical  change  from  the  former  mode  of  herding  cattle 
PPon  the  common,  with  its  annual  scramble  for  mavericks  or  unbrauded  stock,  caus- 
^^  the  ruin  of  many  young  men,  cannot  be  overestimated.    In  relating  the  foregoing 
Particulars,  I  have  endeavored  to  show  the  rapid  progress  of  the  country  dependent 
upon  Aransas  Pass  for  it«  commerce  with  the  world  under  its  present  embarrassment, 
*iidtogive  some  idea  of  its  capabilities,  when,  by  the  completion  of  the  work  in  which 
you  are  now  engaged,  the  reijtrictions  opposing  its  further  development  shall  have 
^^n  removed.    The  position  of  Aransas  as  a  commercial  port  is  thus  expressed  by 
Lieutenant  Maury :  **The  waters  from  every  part  of  the  Atlantic  tend  toward  the 
^ulf  of  Mexico  and  its  streams,  and  Aransas  is  at  the  point  of  nearest  approach  of  the 
^^  Stream  to  the  western  shore  of  the  Gulf.    This  great  river  of  the  ocean  is  ever 
'^y  to  bring  and  take  commerce  to  and  from  this  point,  while  the  redex  current 
cauaed  by  its  near  approach  will  remove  from  before  our  entrance,  when  improved, 
^  dihrU  that  might  otherwise  remain  to  obstruct  it.''    That  this  littoral  current  is 
•t  its  maximum  at  Aransas  is  well  shown  by  the  chart  of  the  surveys  of  the  United 
8tate«,  accompanying  Major  HowelVs  last  report.    Supposing  the  tendency  of  the  out- 
flow firom  each  pasH  into  still  water  in  the  Gulf  would  be  at  a  right  angle  to  t\v^  eotkAt^ 
the  deaection  shown  l9  20=>at  Sabine,  3(Pat  Galveston,  3.3°  at  Cava\\o,68*^  at  Xrvvw^fta, 
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■and  nothing  at  Brazos  Santiago ;  hence,  at  Aransas  we  have  the  best  afisuranoe  oC 
success  for  the  jetty  system  proposed,  that  is,  a  strong  littoral  current.  Now,  in  th» 
■natural  condition  of  the  pass,  this  strong  south  current  continually  forces  the  channel 
towards  the  coast  of  Mustang  Island  until,  being  brought  at  a  right  angle  to  the  pre- 
vailing  southeast  wind,  the  breakers  drive  the  sand  into  it,  filling  it  up  and  presenting 
a  iSat  in  front  of  the  pass,  barring  entrance  until  a  friendly  storm  opens  another  chan- 
nel directly  to  the  east  or  north  of  east,  only  to  follow  the  same  routine  and  share  the 
fate  of  its  predecessor. 

The  future  of  Aransas  as  an  Atlantic  terminus  of  a  system  of  railroads  to  the  Pacific, 
skirting  the  Rio  Grande  and  giving  to  the  government  the  nearest  and  most  direct 
approach  from  the  Qulf  to  our  Mexican  border,  can  scarcely  be  overestimated.  As  a 
naval  rendezvous  in  case  of  war,  or  a  harbor  of  refuge  in  time  of  peace,  words  need  not 
be  wasted  in  proving  its  peat  advantage.  As  an  engineer,  I  have  long  been  impressed 
with  its  superior  availabilities  for  improvement.  Tne  distance  from  20  feet  inside  to 
20  feet  outside  never  exceeds  three-fourths  of  a  mile,  and  is  often  much  less.  During 
last  summer  the  strong  south  current  swept  the  outer  portion  of  the  bar  away,  causing 
18  feet  of  water  within  a  stone's  throw  of  the  wreck  of  the  steamer  Mary,  and  leavii^ 
a  mere  ridge  of  sand  that  provokingly  barred  our  commerce  with  the  outside  world. 
That  this  natural  fickleness  of  our  bar  can  be  more  easily  controlled  than  if  it  were  of 
a  more  immovable  nature  is  as  clear  to  my  mind  as  the  fact  that  a  strong  will  can 
easily  govern  a  weak  and  unstable  one,  nor  do  I  believe  that  the  difference  of  the  cost 
of  20  or  more  feet  of  water  will  ^eatly  exceed  that  necessary  to  obtain  12  or  15  feet, 
the  difference  being  more  in  position  than  in  the  magnitude  of  the  iotties  required. 

The  embarrassments  that  now  surround  us  cause  an  anxiety  that,  in  someway, 
•quick  relief  may  be  given,  and  if  it  should  be  possible  that  this  work  could  proceed 
in  such  a  manner  as  to  afford,  say,  an  S-foot  channel  during  its  progress,  without 
greatlv  increasing  the  ultimate  cost,  the  gratitude  of  a  suffering  community  would  be 
^eaply  earned. 

Thanking  you  for  the  opportunity  of  thus  presenting  my  views, 
I  remain,  with  gxeat  respect,  yours,  very  truly, 

G.  W.  Fulton. 

JVI^j.  S.  M.  Mansfield, 

United  StiUta  Engineer  in  Charge,  Texas  Coast  Improvement.  * 


report  of  board  of  engineers. 

Army  Building, 
yew  YorJcj  August  9, 1870. 

General  :  The  Board  of  Engineers  oonvened  by  the  following  ofder^ 
viz: 

[Special  Orders  No.  63. J 

HEAJDQUASTRBS  COBPS  of  £NOINBEB8y 

IVuakington,  D.  C,  June  3,  1879. 

By  direction  of  the  Secretary  of  War,  a  board  of  officers  of  the  Corps  of  En^neers, 
to  consist  of  Col  Z.  B.  Tower,  Lieut.  Col.  John  Newton,  Lieut.  Col.  Q.  A.  Qulmoire, 
Capt.  C.  W.  Howell,  will  assemble  in  New  York  City,  on  the  call  of  the  senior  ofiQcer 
and  as  soon  as  other  duties  of  members  will  permit,  to  take  into  consideration  and 
report  upon  the  improvement  of  Pass  Cavallo  Inlet  into  Matagorda  Bay  and  of  Aransas 
Pass  and  Bay  up  to  Rockport  and  Corpus  Christi,  Tex. ;  and  also  the  continuation  of 
the  improvement  of  the  entrance  to  Galveston  Harbor. 

The  Board  is  authorized  to  visit  the  localities  named  if  considered  important  to  do 

80. 

H.  G.  Wright, 
Acting  Chief  of  Engimeere. 

baving  asBembled  on  the  1st  instant^  and  continued  their  seaaioBs  as 
frequently  as  other  necessary  duties  permitted,  have  the  honor  to  anb- 
mit  the  following  report : 

GENERAL  REMARKS. 

All  of  the  passes  and  entrances  submitted  to  the  considenition  of  the 
Board  agree  in  certain  prominent  features,  which  are  due  to  the  action 
^/  the  winds  and  tides  upon  the  characteristic  formation  of  the  coast. 
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At  all  of  these  places  there  are  interior  bays,  separated  from  the  Oolf 
by  long,  narrow  islands  or  peninsolas,  which  form  the  exterior  coast 
line.  The  water-level  in  these  basins  is  daily  raised  and  lowered  by  iJie 
Gnlf  tides,  aided  by  the  winds,  and  in  the  comparatively  contracted 
inlets  and  outlets  the  tidal  currents  are  strong.  All  of  the  silt  brought 
down  by  the  inconsiderable  streams  which  empty  into  these  basins  is 
deposited  before  reaching  the  Gulf. 

Besides  ordinary  tides  of  little  elevation,  the  bays  are  subject  to  storm 
tides,  caused  by  violent  in-shore  winds  driving  in  large  volumes  of  water 
from  the  Gnlf.  When  these  are  followed  by  gales  from  the  land  the 
heaped-up  waters  are  forced  back  through  the  outlets  with  great  velocity. 
After  such  series  of  operations  the  bars  are  found  to  be  in  their  best 
condition. 

Along  the  exterior  coast  line  the  drift  of  sand,  by  the  action  of  the 
carrents  and  w:aves,  is  in  the  general  direction  from  northeast  to  south- 
west. The  tendencies  are  for  the  east  shores  of  the  inlets  to  gain  to- 
wards the  west,  and  for  the  west  shores  to  recede  correspondingly  in 
the  same  direction. 

The  Board  are  not  in  possession  of  maps  of  ancient  date  with  which 
to  compare  surveys  of  the  present  time ;  but  such  has  probably  been 
the  action  which  in  the  lapse  of  yeaxs  has  placed  the  inlets  in  their 
present  positions  by  a  nearly  continuous  movement  down  the  coast. 
When  the  inlet,  as  at  Aransas  Bay,  has  reached  the  line  of  the  lower 
or  southwest  side  of  that  bay,  a  further  movement  would  tend  to  draw 
oat  and  narrow  the  pass,  which,  if  not  arrested,  might  cause  the  inlet 
to  be  closed  by  the  occurrence  or  a  heavy  wind  from  seaward  forming 
unusual  deposits  across  the  bar.  The  pass  into  the  Bay  of  Corpus 
Christi  has  virtually  closed  to  navigation,  apparently  from  the  effect  of 
the  narrowing  process;  and  it  is  not  inappropriate  here  to  quote  from 
^e  report  of  Capt.  George  B.  McGlellan,  formerly  of  the  Corps  of  En- 
gineers, made  to  the  Chief  of  Engineers  January  13,  1853,  in  which, 
narrating  certain  changes  produced  on  the  bars  at  the  inlets  to  Aransas, 
Matagorda,  and  Corpus  Christi  Bay,  he  states  of  Hie  last  named,  ^'  this 
channd  is  probably  closed  by  this  time,  or  soon  will  be,'^  showing  at 
that  early  dsAe  the  opinions  entertained  of  its  want  of  permanence.  It 
jfi  highly  probable  that  Aransas  Pass  and  Pass  Cavallo  have  once  been 
'^  the  same  position  relative  to  their  surroundings  that  the  pass  at  Gal- 
veston now  is. 

The  late  Lieut.  W.  H.  Stevens,  Corps  of  Engineers,  in  his  report  of 
December  26, 1853,  recommending  a  breakwater  at  Fort  Point,  Galves- 
ton Harbor,  states : 

The  object  of  this  stracture  is  to  prevent  the  southeast  ^ales  washing  the  sand  from 
Jhe  point  between  the  east  end  of  Galveston  Island  and  tne  point  marked  "  8.  Buoy" 

*  *  into  the  channel  between  "  East  End  "  and  **  Pelican  Shoal,"  and  also  to  force 
^«  Water  which  now  flows  between  the  buoy  and  the  point  into  the  channel. 

I  am  infotmed  that  the  point  once  extended  nearly  to  the  south  buoy^  and  that 
where  you  see  12  feet  of  water  in  the  channel  a  few  years  ago  there  was  30  feet,  and 
that  this  shoaling  has  been  synchronous  with  the  washing  of  the  point. 

It  is  apparent  from  this  qnotation  that  the  tendency  has  been  to  wash 
away  the  east  end  of  Galveston  Island,  and  for  the  inlet,  as  noticed  at 
other  points,  to  move  down  the  coast,  which  has  been  prevented  hitherto 
i>j  artifioial  works,  similar  in  position  and  scope  to  the  breakwater  ad- 
vocated by  Lientenant  Stevens. 

But  for  snch  works,  which  the  preservation  of  the  site  of  the  city  of 
Ch^lveston  demanded,  it  is  evident  that  the  same  lateral  movement  of 
the  inlet  which  characterizes  the  passes  into  Aransas  and  Matagorda 
bays  would  to-day  be  chronicled. 
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The  movements  of  the  inlets  and  passes  are  due  not  only  to  wave 
action,  but  also  to  the  direction  of  the  interior  currents  in  the  principa. 
channels  of  the  bays,  which  strike  with  force  upon  the  shores  formin  ^ 
the  west  side  of  the  passes,  with  eroding  effects  proportioned  to  the^ 
strength. 

The  width  of  the  inlets  are,  for  Galveston,  9,000  feet,  for  Pass  GavalS 
about  the  same :  while  for  Aransas  Pass  the  width  is  only  3,300  fe^ 
As  it  is  conceded  that  the  depths  over  the  bars  are  greatly  due  to  tl^ 
piling  up  of  the  waters  within  the  bays  by  heavy  winds  from  the  se-^ 
ward,  and  their  consequent  discharge,  aided  in  velocity  by  the  actici 
of  the  northers,  it  would  seem  that  the  bars  would  be  in  best  conditicz 
when  the  cross-sections  of  the  inlets  were  so  proportioned  to  the  spac 
to  be  filled  as  to  allow  a  free  ingress  to  the  Gulf  water,  and  that  con^ 
quently  any  proposition  to  narrow  the  inlets  should  be  carefully  scru 
nized,  and  the  necessity  and  effects  of  such  action  clearly  demonstrate 

It  is  not  meant  that  every  change  of  position  of  the  inlets  has  be* — 
due  solely  to  the  causes  enumerated  above ;  obviously  a  change  m^ 
have  been  effected  at  times  by  the  heaped-up  waters  of  the  interior  basi — 
finding  their  way  to  the  Gulf  across  a  low  level  of  the  outer  line  of  coa= 
forming  thus  a  new  outlet,  and  ultimately  causing  the  old  one  to  fill  l— 
Such  an  operation  could  be  prevented  by  planting  the  low  levels  w^ 
trees  and  bushes  to  accumulate  sand. 

From  this  description  of  influences  at  work,  the  principles  of  impr^ 
ing  such  bars  would  generally  be  to  protect  the  west  shore  of  the  in — 
from  erosion  by  waves  and  currents,  and  to  sustain,  by  jetty  or  by  i^ 
allel  jetties,  the  natural  direction  of  the  ebb  currents  over  the  bar,  wh  : 
is  to  the  east  of  south  or  nearly  southeast. 

The  Board  are  not  committed  to  the  opinion  that  the  west  shorei^ 
the  inlets  can  be  protected  or  the  lateral  movements  of  the  chaun^ 
prevented  in  all  cases;  nor  do  they  intend  to  say  that  if  such  arrest:^ 
movement  be  obtained  it  would  prove  to  be  of  permanent  benefit;  on 
contrary,  it  is  not  impossible  that  such  result  might  sometimes  cu 
nate  in  the  closing  of  the  pass  itself. 

The  Board  feel  that  little  more  can  be  done  in  this  report  than 
point  out  the  general  principles  involved  in  the  problems  presented, 
their  consideration,  for  the  influences  at  work,  though  they  may 
known,  cannot  be  estimated  for  a  number  of  years  ahead  as  to  th 
relative  values.    There  have  been  almost  no  opportunities  for  e 
riences  valuable  as  precedents  along  this  coast,  and  the  conditions 
so  variable  with  time  that  a  large  margin  should  be  left  to  the  stud, 
and  intelligence  of  the  constructing  officer  on  the  ground. 

MATAGORDA  INLET. 

The  first  official  report  upon  this  channel  accessible  to  the  Board  is 
that  of  Gen.  George  B.  McClellan  (at  the  time  a  lieutenant  of  engineers] 
to  the  Chief  Engineer,  U.  S.  A.,  dated  January  13, 1853.  Speaking  of 
the  sanguine  opinions  of  those  interested  in  the  improvement  of  the  bar 
as  to  the  feasibility  and  cost,  he  states: 

I  cannot  ascertain  that  any  -weU-conaidered  plan  has.  been  proposed.  I  can  meet 
with  nothing  but  hap-hazard  opinions  as  to  the  location  of  the  proposed  6reaittra/fr, 
and  stiU  wilder  guesses  at  the  cost ;  the  fact  is,  I  think  that  all  consider  the  object  tt 
desirable  and  important,  but  that  no  one  in  any  respect  competent  has  serioosfy  con 
sidered  the  proper  location,  cost,  practicability,  and  effect  of  such  a  construction.   *  *  ^ 

He  describes  the  bar  as  composed  of  loose  shifting  sand,  and  ftdly  ex 
posed  to  the  action  of  great  storms,  the  consequence  being  the  shifting 
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of  the  cliannel,  particularly  after  a  storm.  While  engaged  in  the  ex- 
amination, it  moved  laterally  150  yards,  having  9  feet  in  the  new  channel 
and  leaving  but  6  feet  in  the  old.  With  respect  to  the  recommendation 
of  closing  the  space  from  Pelican  Island  to  Decrowns  Point,  he  con- 
sidered that  the  eflfect  of  the  southeast  winds  in  filling  the  bay  would 
be  thereby  decreased  about  three-fifths,  and  that  in  thus  seeking  to  deepen 
the  bar  the  bay  might  be  rendered  more  shallow. 

The  great  current  passes  close  to  the  northwest  point  of  the  peninsula,  which  is 
cutting  away,  and  impinges  on  the  opposite  shore  nearly  opposite  Pelican  Island,  and 
is  continually  cutting  away  that  shore. 

He  finally  recommends,  as  preliminary  to  any  project  and  estimate, 
continn^  observations  and  a  careful  survey. 

The  late  Lieut.  E.  A.  Woodruff,  Corps  of  Engineers,  made  a  report  to 
Capt^  C.  W.  Howell,  Corps  of  Engineers,  April  1, 1871,  of  a  survey  of 
Pass  Cavallo  (Report  of  Chief  of  Engineers  for  1871,  pp.  531,  532,  533) : 

It  presents  the  same  general  characteristics  as  Aransas  Pass,  but  on  a  much  larger 
scale.  Ita  history,  like  that  of  Aransas  and  Corpus  Christi  passes,  shows  a  steady  de- 
terioration as  a  harbor  and  a  constant  shifting  of  the  channel  to  the  south ;  the  his- 
torical fact  of  the  deterioration  of  these  harbors  in  the  same  time  leads  to  the  inference 
that  the  shoaling  is  due  to  the  change  of  position.  The  general  cause  for  the  change 
is  probably  the  prevalent  direction  of  the  winds,  which  have  the  greatest  effect  on  the 
aonthem  shores  of  the  passes.  The  most  rapid  erosion  has  taken  place  during  high 
tides  accompanied  by  easterly  winds. 

Fort  Esperanza,  an  earthwork  on  Matagorda  Island  built  during  the 
xf^ar,  100  feet  from  the  shore,  had  its  eastern  parapet  carried  away  by 
the  sea  in  1868. 

In  1854  a  remarkable  storm  occurred,  which  reduced  Pelican  Island  to  a  mere  sand 
flat,  hardly  above  ordinary  high-water.  Before  this  storm  it  had  grass-covered  sand 
mounds  about  20  feet  high,  and  fresh  water  could  be  obtained  by  mgging  in  the  hol- 
lows. The  storm  began  by  a  southeaster,  which  filled  Matagoraa  and  Espiritu 
Sanoto  Bays  unusually  full  of  water;  then  changing  to  the  northwest,  the  wind  drove 
^be  water  of  the  bays  through  the  channel  and  over  the  end  of  Matagorda  Island  and 
peninsula.  The  direction  of  the  channel  was  changed  considerably  to  the  south,  and 
its  depth  increased  to  13  feet;  but  it  shoaled  to  8  feet  in  1856,  and  at  present  7  feet  is 
^1  that  can  be  depended  upon.  *  *  ♦  Every  storm,  however,  changes  the  position 
of  the  system  of  snoals  running  south  from  Decrowns  Point.     "    ♦    » 

Pelican  Island  itself  has  shuted  its  position  to  the  north  about  three-quarters  of  a 
**iile  since  the  8ur>'ey  of  1856. 

I  found  an  idea  generally  prevailing  among  the  citizens  interested  in  the  improve- 
^**ieiit  of  the  pass  uiat  it  would  be  easy  to  stop  up  the  channel  between  Decrowns  Point 
^^d  Pelican  Island,  thus  causing  a  greater  current  at  ebb-tide  to  act  on  the  bar. 

I>ecrow's  Point,  and  a  portion  of  Matagorda  Island  opposite,  are  low  and  subject  to 

^^verflow  in  extreme  high-wat«r.    This  is  especially  the  case  with  Matagorda  Island, 

^liere  the  salt  water  has  killed  the  grass  on  about  half  the  surface,    hi  planting  a 

^^Kiial-pole  on  this  island  I  found  that  after  getting  through  a  crust  of  a  few  inches  on 

^^e  suitace  I  could  easilv  thrust  the  whole  pole,  8  feet  in  length,  into  the  earth. 

The  eflfect  of  any  work  closing  Pelican  Island  Channel  would  be  much  more  per- 
ceptible on  Matagorda  Island  than  on  the  bar,  which  at  present  is  about  three-quar^ 
a  of  a  mile  from  the  shore-line  of  the  Gulf,  and  any  attempt  to  narrow  the  inlet  of 
ktasorda  Bay  without  first  protecting  Matagorda  island  by  an  efl&cient  revetment 
'ould  be  a  waste  of  the  money  expended. 

liieutenant  Woodruff,  specifying  the  work  necessary  for  improvement, 
8: 


iTiis  would  require  a  jetty  from  Decrowns  Point  to  the  bar,  a  distance  of  4  miles,  and 
T^evetment  of  Matagorda  Island  frt)m  Bayou  McHenry  to  the  point  below  the  li^ht- 
"^      '^y  also  a  distance  of  4  miles.    Both  ot  these  works  would  be  principally  on  qiuck- 

^  foundations,  and  both,  especially  the  Jetties,  would  be  exposed  to  seas  which 

^'^Lly  a  massive  sea-wall  could  permanently  resist.  Small  works,  such  as  pile-groins 
piers^  will  succeed  in  causing  an  accretion  of  sand  during  the  continuance  or  ordi- 
ry  tides  and  weather ;  but  a  high  tide  with  strong  winds  wiU  in  a  few  hours  sweep 
'Ay  the  accretion  of  months  and  the  work  whion  caused  it.  Such  has  aict\i«iill^ 
"Ml  the  history  of  some  bwb}}  pile  works  attempted  on  the  Matagorda  Island  %^ote. 


1258     REPORT   OF   THE    CHIEF    OF   ENGINEERS,    U.    S.    ARMY. 

Lieutenant  Woodruff  recommended  do  plan  of  improvement  for  tl 
channel,  and  Captain  Howell  indorsed  his  course. 

Capt  George  B.  McClellan,  reporting  to  Bvt.  Brig.  Oen.  Joseph 
Totten,  Chief  Engineer,  U.  S.  A.  (Ex.  Doc,  vol.  2, 1853-'54,  p.  561),  sa^ 

With  regard  to  the  project  of  improving  Pass  Cayallo  by  closing  the  Pelican  Isl 
Channel,  to  which  my  attention  has  been  called  by  the  department,  I  have,  since  my 
letter  of  January  13,  1853,  given  it  an  attentive  consideration.  •  •  •  Were  thi 
strength  of  the  current  Increased,  it  would  exert  itself  in  cutting  away  more  rapidll 
the  points  of  Matagorda  Island  where  the  IiKht-house  now  stands  and  thus  enabli 
itself  to  spread  out  still  more  than  it  now  does l)efore  reaching  the  bar.  So  far  as  it  i 
possible  to  foresee  the  effect  of  so  uncertain  an  operation,  and  judging  principal! 
from  what  I  have  observed  at  the  pasaes  in  general,  I  think  that,  were  any  appreciabl 
effect  produced  by  closing  the  opening  in  question,  it  would  be  lateral  rather  tha 
vertical. 

Captain  Howell  reports  to  the  Chief  of  Engineers,  under  date  of  Feb 
ruaiy  4, 1874,  the  i^esults  of  the  survey  in  1873,  by  Mr.  H.  C.  Eiplej 
assistant  engineer,  of  the  entrance  into  Matagorda  Bay  and  Channe 
to  Indianola  (Report  of  Chief  of  Engineers,  1874,  Part  I,  pp.  760-765) : 

Pelican  Island  has  moved  north  and  approaches  Decrowns  Point  nearly  its  enMi 
width,  thus  making  the  Elizabeth  Channel  more  defined  and  deeper,  and  diminishin 
the  distance  Arom  the  island  to  Decrowns  Point  from  7,440  feet  to  4,180  feet. 

The  main  channel  south  of  Pelican  Island  was  divided  iAto  the  ^^  01 
Channel "  and  "  Yeto  Channel,"  the  latter  and  the  more  recent  havin 
become  the  principal  ^itrance.    The  depth  over  the  bar  was  7  feet. 

The  bar,  ^^  like  the  one  at  Gulveston,  is  composed  of  pure  quicksan 
to  a  depth  of  from  40  to  60  feet.'' 

Captain  Howell,  submitting  a  project  with  estimates,  writes : 

For  works  of  this  kind  it  ia  only  deemed  possible^to  submit  a  general  plan,  with 
gestions  as  to  its  probable  effects. 

The  first  work  reoommended  was  the  closure  of  Decrowns  and  Eliza 
channels  by  inducing  the  formation  of  shoals  and  thereby  the  extensi 
of  Matagorda  Peninsula  to  include  Pelican  Island ;  among  other  effec 
it  was  supposed  this  work  would  obliterate  the  ^^  Old  Channel,"  and  thi 
the  "Yeto  Channel"  would  be  driven  southward.  The  depth  ovot  t 
bar  it  was  tiiought  would  be  12  feet. 

The  next  step  would  be  two  parallel  dikes  or  structures  to  induce 
formation  of  dikes,  the  lines  being,  respectively,  from  Matagorda  L 
along  the  southwest  boundary  of  the  channel  and  from  Pelican  Isla 
along  its  northeast  boundary.    The  estimate  was  as  follows : 

Gabionuade  closing  (H>ace  between  Pelican  Island  and  Decrowns  Point t*^l*  H 

Gabionnade  on  parallel  pins  to  bar 434, 1( 

The  closure  of  the  space  between  Pelican  Island  and  Decrowns  Poii 
it  was  supposed  would  give  a  depth  over  the  bar  sufKcient  for  the  wharv< 
at  Indianola,  and  the  parallel  jetties  were  considered  advisable  only 
afford  a  depth  over  the  bar  sufficient  to  enter  the  harbor  near  the  poii 
marked  on  the  chart  "  Saleeria." 

The  amount  of  $20,000  appropriated  by  act  approved  August  14, 187( 
being  considered  by  Captain  Howell  as  insuf&cient  to  commence  worl 
with,  he  was  authorized  to  await  further  appropriations.  Estimate  (A 
sum  needed  for  a  commencement,  $150,000.  (Report  of  Chief  of  Engi* 
neers  for  1877,  Part  I,  pp.  469-471.)  Amount  appropriated  by  act  ap- 
proved June  18, 1878,  $25,000.  Authority  was  asked  to  make  a  new 
survey.    (Report  of  Chief  of  Engineers  for  1878,  Part  I,  p.  613.) 

Captain  Howell  reports  to  the  Chief  of  Engineers,  December  17, 1878, 
upon  survey  of  that  year  made  to  determine  the  advisability  of  apply 
ing  the  fhnds  available  to  the  protection  of  the  head  of  Matagorda 
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Island.  Although  the  head  of  the  island  was  washed  away  for  a  con- 
siderable length  of  beach,  and  to  a  width  varying  from  200  to  1,300  feet, 
yet  the  indications,  as  reported  by  Captain  Howell,  were  not  for  imme- 
diate protection.  Mr.  Abraham  Cross,  the  surveyor,  reports  as  his  opin- 
ion that  the  whole  damage  was  done  by  the  storms  of  1875,  since  which 
time  he  considered  the  beach  to  have  been  reforming. 

Other  changes  very  remarkable  were  reported,  Pelican  Island  having 

moved  southward  about  4,900  feet  and  the  "  Yeto  ^  and  "  Old ''  channels 

haviDg  merged  into  one  in  the  prolongation  of  the  channel  above,  but 

curving  slightly  to  the  eastward.    The  depth  over  the  bar,  with  a  long 

increase  of  width  of  Decrowns  and  Elizabeth  channels,  nevertheless  had 

changed,  since  1873,  from  7  to  over  10  feet.    Captain  Howell  in  his  re- 

poTt  states  that  "  an  appropriation  of  $100,000  in  addition  to  that  now 

available  would  justify  commencement  of  tlie  work." 

^     APPROPRIATIONS. 

August  14,  1876. $aO,000 

Jane  1^,187^ 25,000 

March  3,  1879 25,000 

Total 70,000 

PBOJECT  FOR  MATAOORDA  IlfLET. 

Kecommeudations  have  been  made  to  close  Decrow's  and  Elizabeth 
channels,  thus  bringing  the  south  end  of  Matagorda  Peninsula  to  the 
position  of  Pelican  Island,  with  the  intention  of  increasing  the  d^th 
over  the  bar.  The  Board  are  not  prepared  to  say  that  some  such  enect 
would  not  be  produced,  but  the  necessity  for  such  an  extreme  step  does 
not  seem  to  have  arisen,  and  the  result  would  be,  by  shutting  up  oae 
inlet,  to  diminish  the  quantity  of  flood  going  up  the  bay. 

Pelican  Island  between  1871  and  1873  moved  northward  its  width, 
and  fitmi  1873  to  1875  receded  southward  4,700  feet.  This  island  may, 
in  the  future,  be  the  nucleus  of  shoals  which  will  close  Decrow's  Channel, 
and  thereby  take  tiie  first  step  towards  elongating  and  narrowing  the 
pass,  as  at  Corpus  Christi  and  Aransas  bays.  As  the  Board  do  not  per- 
ceive the  benefits  to  be  derived  fix>m  such  result,  but  rather  the  reverse, 
tbey  cannot  recommend  constructions  to  close  this  passage. 

It  is  true  that  if  Pelican  Island  should  continue  its  southerly  move- 
ment, it  might  become  necessary  to  line  the  bed  of  the  channel  between 
the  island  and  Decrow's  Point  with  a  row  of  mattresses  to  prevent  an 
increase  of  water-way. 

The  necessity  of  a  shore  protection  for  the  head  of  Matagorda  Island 
seems,  from  all  the  papers  submitted  to  the  Board,  to  be  in  doubt,  and 
they  prefer  to  leave  the  decision  of  this  point  to  the  future. 

A  project  is  submitted  for  one  jetty,  starting  from  the  head  of  Mata- 
gorda Island  and  running  in  a  southeasterly  direction,  as  represented 
on  the  sketeh  sent  herewith ;  and  also  for  groins  to  protect  the  shores, 
when  this  becomes  necessary. 

The  object  of  the  jetty  is  to  obtain  a  depth  of  12  feet  over  the  bar. 

ESTIMATE  FOR  JETTY. 

1,000  feet,  6  feet  high,  7i  feet  wide  at  top,  at  |36 $.16,000 

6,S50feet,  10  feet  high,  20  feet  wide  at  top,  at  $100 655,000 

691,000 
10  per  cent,  for  oontingencies 69,100 

760,100 
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GROLNS  FOR  8H0RE  PROTECTION. 

5,400  feet  on  shore,  at  #3 - 81 

6,600  feet  on  shore,  at  $36 •;« 

25 
10  percent,  for  contingencies 2 

27 

The  groin  next  to  the  jetty  should  be  begun  at  the  same  time  aj 
jetty. 

The  project  submitted  by  the  Board  should  not  be  considered  as  u 
sarily  complete,  or  that  it  may  not  admit  of  revision  from  the  light 
nished  by  experience  and  continued  observations. 

The  opinions  of  the  various  engineers  who  have  reported  upon 
improvement  of  the  pass  offer  occasion  for  wide  differences  as  t( 
amount  and  description  of  the  works  require^  for  the  place. 

The  Board  have  attentively  considered  the  information  fumishet 
surveys  and  reports  thereon,  and  recommend  for  present  construe 
only  what,  by  a  careful  comparison  of  data,  appears  to  be  strictly  w 
sary  for  the  improvement  of  the  bar.  The  jetty  should  be  high,  proti 
throughout  its  entire  length,  as  it  is  designed  to  sustain  the  current  o 
bar  channel,  which  will,  it  is  thought,  1^  pressed  against  it  by  the  b 
shoal,  formed  of  the  usual  drift-sand  down  the  coast.  Should  sue 
sumption  not  prove  to  be  correct,  a  parallel  jetty  on  the  north  shoa 
co-operation  with  the  other,  would  become  a  necessary  part  of  the  pro 

The  general  laws  of  formation  along  this  coast  are  perhaps  well  em 
known,  and  the  industry  of  observers  have  collected  valuable  f 
which  can  now  be  utilized,  but  something  additional  is  required — thi 
termination,  by  actual  experience  from  constructed  works,  joined 
further  accurate  observations,  how  far  influences  peculiar  to  this 
may  modify  general  conclusions. 

For  these  reasons  the  Board  have  confined  their  recommends 
only  to  what,  in  their  judgment,  could  not  be  dispensed  with. 

The  Board  do  not  consider  that  positions  of  the  jetties  and  groin 
the  number  of  the  latter,  should  now  be  rigidly  fixed ;  modiflcatioi 
these  respects  would  probably  arise  from  the  experience  gained  a 
locality  from  a  partial  applic  ^tion  of  the  project  itself,  as  well  as 
other  considerations. 

It  is  understood  that  the  amount  available  is  something  over  $7C 
the  expenditure  of  which  sum,  in  the  opinion  of  the  Board,  woul 
inadequate  to  produce  a  useful  effect  upon  the  bar. 

INLETS  INTO  ARANSAS  AND  CORPUS  CHRISTI  BAYS. 

Capt.  Geo.  B.  McOlellan's  report  to  the  Chief  Engineer,  U.  S.  A., 
nary  13, 1853,  states,  with  respect  to  this  bar,  that  it  is  composed 
loose  shifting  sand,  and  exposed  to  change  of  position  after  h 
storms.  Within  a  week  while  he  was  on  the  coast,  the.  bar  cbj 
shifted  all  the  way  over  from  the  north  to  the  south  breakers,  hav 
feet  in  the  new  and  leaving  4  feet  in  the  old  channel,  three  vessels  I 
wrecked  in  as  many  days  before  the  change  was  discovered  j  an( 
^^  Corpus  Christi  Bar  opened  at  the  same  time  to  0  feet,  havmg  1 
feet  in  it  before :  this  channel  is  probably  closed  by  this  time,  or 
wiUbe." 

The  sudden  changes  of  the  channel  of  Aransas  Inlet  appear  to  1 
temporarily  a  swash  channel  near  Saint  Joseph's  Island,  the  d< 
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cbauuel  being  nearer  to  Mustang  Island,  to  which  position  it  constantly 
tends  to  shift. 

In  the  Report  of  the  Chief  of  Engineers  for  1871,  pp.  526-531^  is  found 
the  report  of  Capt.  C.  W.  Howell,  Corps  of  Engineers,  transmitting  the 
letter  of  the  late  Lieut.  E.  A.  Woodruff,  Corps  of  Engineers,  giving  the 
results  of  his  survey  of  the  bars  and  passes  of  Corpus  Christi  and  Aran- 
sas bays. 

Corpus  Cbristi  Pass  or  Inlet  is  an  entrance  from  the  Gnlf  of  Mexico  to  Corpns 
Cliristi  Bay,  l>etween  Mustang  Island  on  tlie  north  and  Padre  Island  oh  the  south. 

•  •  *  The  channel  from  the  pass  to  Corpns  Christi  Bay  is  narrow,  and  bears  in 
general  direction  nearly  dne  north  aUout  6  miles  before  reacnlng  the  deep  water  of  the 
bay.  Entering  the  pass  Arom  the  gulf,  we  find  the  water  on  the  bar  from  5  to  7  feet, 
varying  with  the  wind  and  tide. 

He  describes  the  pass  as  interrupted  by  shoals  and  bulkheads  before 
entering  into  the  deep  water  of  the  bay.  He  considers  the  length  and 
tortuous  course  of  the  channel  of  the  pass  as  unfavorable  to  the  free 
flow  of  the  waters  of  the  bay  over  the  bar  and  to  the  improvement  of 
the  latter.  He  calls  attention  to  the  better  chances  of  improving  the 
bar  at  Aransas  Pass,  and  of  accommodating  the  commerce  of  Corpus 
Christi  Bay,  by  enlarging  the  communication  between  these  bays,  and 
diverting  the  course  of  navigation  to  Aransas  Bar. 

In  re^rd  to  Aransas  Pass,  he  states  its  continuous  encroachment  on 
Mugtaug  Island  (on  the  south)  and  the  corresponding  gain  of  Saint 
Joseph's  Island: 

In  1869  work  was  begun  by  privato  enterprise  to  improve  the  channel  through  the 
bar  by  running  oat  lines  of  jetties  from  the  Saint  Joseph's  Island  shore  to  cut  oft  a  sec- 
onda^  channel  near  this  shore.  •  ♦  ♦  They  were  expected  to  act  as  a  nucleus, 
aljout  which  sand  would  accumulate  and  close  up  the  secondary  channel,  thus  divert- 
ing the  flow  of  the  water  directly  through  the  channel  on  the  bar.  From  the  fact  that 
the  Recondary  channel  has  shoaled  about  2  feet  and  the  main  channel  deepened  about 
"i  ieet  since  placing  the  crates,  it  may  be  supposed  that  they  have  contributed  to  pro- 
duce this  result,  but  one  of  the  oldest  pilots  holds  that  the  change  is  due  to  storms, 
and  would  have  taken  place  without  any  works. 

He  states  that  the  head  of  Mustang  Island  must  first  be  protected 
against  erosion  by  a  riprap  or  groins,  and  further  makes  a  project  for 
excavating  and  revetting  a  canal  or  channel  from  Turtle  Cove  into  Cor- 
pus Christi  Bay,  which  would  serve  not -only  as  a  passage  for  vessels, 
bat  would,  by  its  discharge  into  Aransas  Bay,  serve  to  arrest  the  ero- 
sion ahove  Turtle  Cove,  due  to  the  ebb  waters  of  Aransas  Bay,  by  de- 
flecting these  currents.    He  thinks — 

The  cost  of  building  a  jetty  from  Mustang  or  Saint  Joseph's  Island  toward  the  bar, 
^hicb  would  be  able  to  resist  the  action  of  the  storms  upon  the  quicksand  foimdation, 
noost  be  an  insurmountable  objection  to  any  such  experiment.  The  stone  to  be  ob- 
tained at  Rookport  is  too  poor  in  (luality  for  use  in  so  exposed  a  work. 

Captain  Howell,  in  forwarding  this  report  of  Lieutenant  Woodruff, 

I  coincide  with  Lieutenant  Woodruff  in  the  opinion  that  all  the  plans  suggested  and 
^UKQBsed  by  him  offer  no  certainty  of  producing  good  results,  and  that  the  expense 
"^liich  would  be  incurred  by  testing  them  will  be  out  of  all  proportion  to  the  benefits 
•b'rivalile  from  success. 

Capt.  George  B.  McClellan,  reporting  to  Bvt.  Brig.  Gen.  Joseph  G. 
Totten,  Chief  Engineer,  U.  S.  A.  (Ex.  Doc.,  vol.  2,  1853-'54,  p.  661), 

writes: 

The  passes  at  *  *  *  Corpus  Christi  and  Aransas  have  each  but  a  single  outlet, 
aU  exceedingly  narrow,  and  none  admitting  any  further  decrease  in  width.  The  only 
iKWuble  application  of  dikes  in  these  cases  would  be  to  prolong  the  walls  of  the  out- 
let until  tney  reached  a  point  very  near  the  present  position  of  the  bar,  in  otdex  to 
'^'onwutrate  upon  one  spot  the  whole  action  of  whatever  outward  current  there  iuVg\it\ie. 
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The  ultimate  effect  of  this  would  undoabtedly  be  the  fonnation  of  a  new  bar  oatade; 
that,  too,  at  no  distant  period.  The  immediate  effect  would  by  no  means  be  certainly 
favorable,  and  the  new  outlet  would  be  liable  to  be  dosed  up  by  beavv  storms  (sub- 
ject to  breaking  out  again),  as  is  now  fi:«quently  the  case  with  small  inlets  on  the 
coast  of  Florida. 

Capt.  0.  W.  Howell,  February  1, 1879,  reports  upon  a  survey  in  1878 
of  Aransas  Pass,  Corpus  Christi  Pass,  &c.,  and  recommends  the  closuie, 
to  height  of  mean  low-tv^ater,  of  Corpus  Christi  Pass,  with  the  object, 
among  others,  of  improving  the  channel  between  Corpus  Christi  and 
Aransas  bays;  dredging  and  deepening  this  channel;  the  construction 
of  a  jetty  from  the  end  of  Saint  Joseph's  Island  toward  the  bar;  protec- 
tion of  the  end  of  Mustang  Island ;  preventing,  by  planting  trees,  the 
lower  end  of  Saint  Joseph's  Island  from  losing  sand  by  wind-drifts,  and 
dredging  channel  to  Bockx>ort. 

ESTIMATE. 

Deepening  channel  over  bar  by  jetty -....  $60,405  00 

Protection  of  head  of  Mustang  Island 126,440  00 

Dam  across  Corpus  Christi  Pass 11,748  00 

Planting  south  end  of  Saint  Joseph's  Island •  2,000  00 

(  31  123  40 

Dredging  channel  between  Aransas  and  Coipns  Christi  bays,  three)  157*22200 

estimates -.  j^    ige.'sSgTS 

Dredging  channel  to  Rockport  in  Aransas  Pass 30,555  50 

Total 628.382  65 

The  passes  Oavallo,  Amasas,  and  Corpus  Christi,  while  keeping  a 
nearly  north  and  south  direction  as  long  as  sheltered  by  the  sand  island* 
and  peninsula  between  them  and  the  Gulf,  on  making  connection  with  the 
Gulf  turn  sharply  to  the  southeastward,  so  that  the  channels  across- 
their  Gulf  bars  are  nearly  in  the  general  or  prevailing  direction  of  the  oa- 
shore  winds  and  storms.    At  Aransas  Pass  the  chart  also  shows  thst^ 
the  channel  of  the  bar,  as  soon  as  it  comes  under  the  influence  of  th< 
drift  along  the  coast,  turns  again  from  a  southeasterly  direction  to  od« 
more  southerly. 

In  the  communication,  dated  December  30, 1878,  by  Mr.  H.  C.  Col 
lins,  assistant  engineer,  and  filed  with  Captain  HoweU's  report,  man: 
notes  occur  connected  with  the  physical  features  of  Corpus  Christi  an( 
Aransas  bays,  which  are  herewith  transmitted  in  substance. 

The  channel  connecting  these  bays  is  partly  an  old  bayou  and  partly^ 
dredged,  under  the  control  of  a  stock  company,  who  charge  toUs  upon  ^ 
articles  of  freight  carried  through  it.    Its  depth  at  summer  low-tides  is  ^ 
8  feet,  which  has  not  decreased  more  than  half  a  foot  since  it  was  cut 
through^  it  is  very  narrow  at  some  points,  though  for  most  of  the  dis- 
tance it  18  from  80  to  100  feet  wide.    The  banks  of  the  dredged  portion, 
where  thrown  up  above  water  in  Corpus  Christi  Bay,  are  of  blue  clay, 
quite  hard,  and  do  not  wash.    No  sand  bottom  was  found  in  this  por- 
tion of  Corpus  Christi  Bay,  but  the  bottom  in  Aransas  Bay,  from  the 
head  of  the  bay  down  to  Lydia  Ann  and  Ship  channels,  is  sand.    The 
whole  shoal  at  the  lower  end  of  Aransas  Bay  is  sandy  in  places,  but  the 
deep  i)ortions  of  this  and  Corpus  Christi  bays  has  a  blue-day  bottom, 
except  the  shell  reefs  which  mn  out  from  the  shore  in  many  places. 

In  Aransas  Harbor  the  bottom  blue  clay  is  found  at  a  depth  of  27J 
feet,  and  outside  of  the  bar  at  30  feet. 

Of  the  two  channels  connecting  Aransas  Bay  with  lower  harbor,  that  of 
Lydia  Ann  follows  Harbor  Island,  and  is  over  10  feet  for  nearly  its  entire 
length,  but  has  a  bar  at  its  upper  end  of  7^  feet,  while  the  Ship  Chan- 
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nd  hfts  8  feet  for  more  tban  hsA£  its  length.    Tbe  Lydia  Ann  Channel 
ig  increasing  in  width  and  depth. 

The  bad  practiee  of  cattle-grazing  upon  the  coaat  islands  and  penin- 
sulas has  the  effeot  of  depriving  the  sand  hills  of  their  protective  cover- 
ing of  gras^  and  these  are  being  fast  carried  inland  under  the  action  of 
winds.  This  drift  sand  has  an  important  bearing,  not  only  upon  the 
depth  of  some  of  the  interior  channels,  but  also  of  the  pass,  including 
Hat  bar  chann^s. 

A  great  similiarity  exists  between  Aransas  and  Corpus  Christi  passes, 
but  ^e  latter  has  cut  its  way  for  a  distance  of  8  miles  from  its  head, 
vkile  the  former  has^nly  advanced  3  or  4  miles  from  a  similar  connec- 
tion with  its  bay.  Corpus  Christi  Pass  is  very  shoal  and  narrow,  and 
it  has  at  its  head  less  than  3  feet  of  water  over  a  wide  quicksand  bar. 
The  8and  blown  from  the  south  end  of  Mustang  Island  was,  at  the  time 
of  the  survey,  much  greater  in  quantity  than  that  from  Saint  Joseph's 
Idand.  Corpus  Christi  Pass  is  said  to  have  decreased  to  about  half  the 
size  it  had  in  1846.  It  is  now  much  shoaler  and  more  narrow  than  it 
was  at  the  time  of  Lieutenant  WoodrufiPs  survey  in  1871. 

The  head  of  Mustang  Island  is  continually  receding  towards  the 
soothwest,  and  Aransas  Pass  follows  with  it.  A  comparison  of  the 
Coast  Survey  charts  of  1858  and  1868  with  each  other,  and  with  Lieu- 
tenant Woodruft's  of  1871,  and  the  last  survey  of  1878,  shows  an  annual 
rate  of  wear  from  210  to  260  feet 

The  area  of  these  back  bays  is  very  great,  and  for  nine  or  ten  months 
in  the  year  no  fresh  water  runs  into  them.  The  evaporation  is  so  great 
that  salt  is  found  in  the  shoal  water  far  back  from  the  gulf.  From 
lagana  Madre,  which  is  a  part  of  Corpus  Christi  Bay,  the  beef-packers 
obtein  their  salt.  In  consequence  of  the  evaporation,  the  bay  waters 
aro  more  dense  than  those  of  the  Gulf. 

From  observations  of  the  tides  at  Aransas  Pass,  the  Gulf  waters 
breaking,  even  on  quiet  days,  upon  the  flat  between  Saint  Joseph's 
Island  and  the  wreck  of  the  St.  Mary,  were  carried  in,  during  the  flood, 
gray  with  sand,  which  was  deposited  by  the  time  the  current  reaehed 
the  light-house.  The  flood-tide  currents  were  found  only  firom  the  sur- 
&ce  to  about  mid- depth  of  the  passes  for  the  rest  of  the  depth,  there 
being  no  current.  The  Gulf  water  remained  entirely  distinct  &om  the 
bay  water  up  through  Lydia  Ann  and  Ship  channels,  slowly  mixing 
'With  the  heavier  bay  water. 

On  the  ebb,  the  current  in  the  channel  abreast  the  head  of  Mustang 
Idand  was  about  as  strong  near  the  bottom  as  at  the  top ;  and  the  notes 
of  the  survey  also  state  that  none  of  the  water  ran  out  over  the  flat 
where  it  came  in. 

It  is  also  stated  that  in  1869  a  short  pier,  600  feet  long,  was  run  out 
from  the  south  end  of  Saint  Joseph's  Island,  with  the  aid  of  funds  de- 
rived from  private  subscription. 

The  consequence  was  that  for  several  months  an  increased  depth  over 
the  bar  of  2  feet  was  obtained. 

Thus  far,  from  the  notes  of  the  survey,  which  in  some  places  have 
been  literally  transcribed. 

PBOJEGT  FOB  ARANSAS  AND  GOBPTJS  CHBISTI  BATS. 

The  problems  then  presented  to  the  Board  are : 
First.  The  improvement  of  the  depth  of  Aransas  Bar. 
Second.  To  improve  the  interior  navigation  from  Aransas  Pass  up  to 
Bockport 
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Third.  To  improve  the  present  channel  connecting  Corpus  Christi 
and  Aransas  bays. 

Fourth.  As  connected  with  the  preceding,  and  to  improve  the  chainel 
into  Laguna  Madre,  to  close  the  inlet  of  Corpus  Christi  Bay. 

Taking  up  these  in  the  order  named,  the  Board  presents  a  project  (see 
sketch  below)  of  parallel  jetties  from  the  south  end  of  Saint  Joseph's 
Island  and  the  north  end  of  Mustang  Island,  contracting  the  width  of 
water-way,  and  carried  out  to  a  sufficient  distance  to  afford  a  draught 
of  12  feet  at  mean  low- water  over  the  bar,  and  of  groins  for  the  pro- 
tection of  the  head  of  Mustang  Island  up  to  and  beyond  Turtle  Gove, 
in  conjunction  with  a  beach  flooring  of  mattresses,  which  may  at  certain 
points  be  necessary  until  the  shore-line  shall  have  been  fixed  and  con- 
solidated by  the  groins. 

ESTIMATE. 

North  jetty : 

4, 000  feet,  6  feet  high,  7i  feet  wide  on  top,  at  $36 $144,000 

1,000  feet,  Sfeethigh,  10  feet  wide  on  top,  at  $58 58,000 

•2,000  feet,  8  feet  high,  20  feet  wide  on  top,  at  $71 142,000 

$344,000 

South  jetty ; 

1, 100  feet  on  shore,  at  $3 3,300 

900  feet,  6  feet  high,7i  feet  wide  on  top,  at  $36 32,400 

2, 800  feet,  8  feet  high,  10  feet  wide  on  top,  at  $58 162, 000 

1,350  feet, 8  feet  high,  20  feet  wide  on  top,  at  $71 , 95,850 

293,950 

Groins : 

2, 600  feet,  at  $4 10,400 

2, 000  feet,  at  $8 16,000 

: 26,400 

Shore  protection  with  mattresses : 
2, 000  feet,  150  feet  wide,  at  $12 24,000 

688,350 
Contingencies,  &c.,  10  per  cent 68,  835 

Total  for  jetties,  groins,  and  shore  protection 757,  1^ 

Planting  trees  on  Saint  Joseph's  Island 2,  OOO 

Total 759,  1^5 

The  portions  of  the  project  in  full  lines  are  recommended  to  be  first 
constructed ;  and  these,  as  well  as  the  other  portions  designed  far  a 
later  construction,  should  be  undertaken  in  such  combinations  as  to 
meet  the  necessities  of  the  case. 

One  important  consideration'  also  ought  to  be  to  take  the  works  i^ 
that  order  which  would  involve  the  least  loss  in  the  event  of  a  long 
omission  by  f  ongress  to  appropriate  further  amounts. 

One  of  the  members,  General  Newton,  considers  it  preferable  to  di^' 
pense  with  the  jetty  from  Saint  Joseph's  Island,  retaining  that  froi» 
Mustang  Island,  for  several  reasons.  As  none  of  the  members  consid^^ 
that  improvement  of  the  bar  would  ^lecessarily  be  permanent,  becauso  ^ 
mere  extension  of  the  pass  by  jetties  may  induce  the  closing  of  tli? 
channel  as  at  Corpus  Christi  Bay,  so  by  the  consolidation  of  the  dri^ 
sand  about  the  jetties  on  both  sides  of  the  channel  the  impediment^  ^ 
the  water  flowing  in  and  out  may  be  further  increased,  and  the  closi*^» 
of  the  pass,  if  such  tendency  now  exists,  accelerated.  Second.  Becao^ 
one  jetty  on  the  south  side  of  the  pass  may  suffice,  in  conjunction  wi^^ 
the  north  shoal,  to  sustain  the  ebb  currents.  Third.  A  wider  openic»^ 
will  be  left  for  the  flood-tide.  Fourth.  One  jetty  would  be  less  Qostl2 
than  two ;  and,  Fifth.  The  other  jetty,  if  further  experience  should  i^^' 
dicate  any  beneficial  eflects  to  be  derived  from  it,  could  be  afterwarcJ^ 
constructed. 
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ESTIMATE. 

South  jetty : 

1  100  feet  on  Bhore,  at  $3 $33,000 

900  feet,  6  feet  high,  7i  feet  wide  on  top,  at  $36 32,400 

2  800feet,  8  feet  high,  20  feet  wide  on  top,  at  $58 1H2, 400 

l',350feet,  lOfeetlt'gh,  20  feet  wide  on  top,  at  $94 126,000 

$:}25, 000 

Groins: 

3, 100  feet,  at  $4 12,400 

2. 000  feet,  at  $8 16,000 

900  feet,  at  $16 14,400 

42, 800 

.Shore  protection  with  mattresses : 

2,000feet,  150  feet  wide,  at  $12 24,000 


391,800 
10  por  ceut.  for  contingencies 39, 180 

430,980 
Plantlug  trees  on  Saint  Joseph's  Island 2, 000 

Total 432,980 

The  portious  of  this  project  in  full  lines  are  recommended  to  be  first 
constructed,  the  probable  effect  being  to  stop  the  abrasion  of  the  outer 
point  of  tbe  Island  head  as  well  as  to  produce  an  immediate  eflFect  upon 
the  bar.  The  amount  of  funds  available  will  not  suffice  for  the  section 
of  jetty  under  consideration  as  well  as  for  the  first  given,  the  construc- 
tion of  which  should  proceed  together  in  order  to  protect  the  outer 
point  of  the  island,  but  the  construction  of  sufficient  length  of  tlie  jetty 
to  produce  an  immediate  effect  upon  the  bar  is  possible  with  the  funds 
on  hand. 

For  ftiture  operations  the  protection  of  the  head  of  Mustang  Island 
and  the  prolongation  of  the  jetty  should  go  together,  depending  upon 
the  necessities  of  the  case,  and  adhering  to  the  principles  laid  down. 

The  Board  finds  that  no  precedents  have  been  established  upon  this 
coast  competent  to  indicate  the  best  mode  of  constructing  the  jetties 
and  groins  in  those  positions  exposed  to  heavy  seas.  As  the  most  suit- 
able in  respect  to  economy  and  convenience,  they  suggest  a  structure 
of  reed  mattresses,  supposed  to  be  proof  against  the  teredo,  weighted 
with  small  stone,  the  upper  and  exposed  surfaces  to  be  paved  with  lajrge 
stone  or  concrete  blocks.  Brush  might  advantageously  be  placed  be- 
tween the  mattresses,  in  the  interior  of  the  mass,  where  it  would  be 
protected  from  the  worm.  The  Board  also  recommends  tliat  the  works 
in  places  exposed  to  the  full  force  of  the  Gulf  storms  should  be  carried 
on  during  the  favomble  seasons  of  the  year,  and  that  the  sections  suc- 
cessively commenced  should  be  entirely  finished  and  protected  before 
the  advent  of  the  stormy  seasons.  As  to  those  portions  of  the  project 
with  Uttle  or  no  exposure  to  the  waves,  much  cheaper  constructions, 
suggested  by  the  materials  at  hand,  would  suffice. 

Before  discussing  any  project  for  providing  a  depth  of  20  feet  upon 
the  bar  in  order  to  constitute  the  lower  part  of  Aransas  Bay  a  harbor  of 
refuge,  or  as  a  resort  for  lines  of  large  steamers,  the  Board  considers  it 
best  to  await  the  results  of  the  experience  to  be  gained  as  to  feasibility 
and  cost  from  their  more  moderate  project. 

As  to  the  second  problem,  viz,  the  improvement  of  the  interior  nav- 
igation from  Aransas  Pa«s  to  Rockport,  the  discussion  of  this  should 
wait  upon  the  protection  of  Saint  Joseph's  Island  from  abrasion  by 
winds  and  upon  the  success  of  increasing  the  depth  over  the  bar  to  1^ 
feet.  Tlie  depth  of  water  in  this  interior  channel  is  now  8  feet,  and  Vt 
SO  K 


1266  REPORT  OF  THE  CHIEF  OF  ENGINEERS,  U.  S.  ARMY. 

dredged  before  the  protection  of  the  island,  would  be  liable  to  deteriora- 
tion from  sand  blown  off  by  winds.  The  third  problem — the  advisa- 
bility of  improving  the  channel  between  Corpus  Christ!  and  Aransas 
Bays — may  likewise  wait  upon  the  improvement  of  the  bar,  before  ob- 
taining which  result  no  additional  dei>th  would  be  necessary. 

The  fourth  problem — the  closure  of  Corpus  Christi  Inlet — should  not 
be  undertaken  until  its  necessity  becomes  more  apparent  than  it  now 
is,  or  before  the  communication  between  the  two  bays  is  made  wider 
and  deeper. 

The  recommendation  of  Captain  Howell,  to  plant  trees  upon  Saint 
Joseph's  Island  for  its  protection  against  abrasion  by  winds,  is  indorsed. 

It  is  stated  that  a  pier  COO  feet  in  length,  constructed  in  1869,  from 
the  end  of  Saint  Joseph  Island,  caused  the  temporary  deepening  of 
Aransas  bar.  It  is  not  clear  how  such  effect  could  be  attributed  to  the 
structure,  unless,  as  Lieutenant  Woodruff*  reports,  it  was  instrumental 
in  closing  a  swash  channel  then  existing.  Its  effect  in  iireventing  the 
transportation  of  sand  into  the  channel  by  the  waves  and  flood  currents 
should  have  been  very  slight,  since  Mr.  Collins,  assistant  engineer,  re- 
ports that  the  extent  of  shoal  over  which  the  waves  and  currents  acted 
extended  from  the  point  of  Saint  Joseph's  Island  to  the  wreck  of  the 
Saint  Mary,  a  distance  of  about  5,500  feet. 

At  the  present  time,  however,  no  swash  channel  exists  to  the  deteri- 
oration of  the  depth  on  the  bar,  and  a  much  more  considerable  length  of 
jetty  would  be  required  to  produce  any  effect  at  all. 

It  is  difficult  to  perceive  how  a  sufficient  length  with  such  object 
could  be  constructed  from  the  available  funds  (about  $35,000,  appropri- 
ated March  3, 1879)  unless  the  works  be  made  of  a  slight  and  temjmrary 
character,  liable  to  destruction  by  the  first  severe  storm. 

The  communications  to  the  Secretary  of  War  on  the  pait  of  the  Hon. 
Pryor  Lee,  president  and  general  agent  of  the  Aransas  Koad  Company, 
bearing  date  June  16  and  17, 1879,  with  printed  summary  statement  by 
the  joad  company  on  application  to  the  Texas  legislature  for  I'elief. 
and  the  act  of  relief  granted,  all  go  to  prove  that  the  Aransas  Eoaa 
Company  possesses  no  right  to  collect  tolls  on  vessels  entering  Aransas 
Pass. 

GALVESTON  HARBOR. 

An  examination  of  this  harbor  with  a  view  to  the  question  of  its  im- 
provement was  made  by  Lieut.  Geo.  B.  McClellan,  Corps  of  Engineers, 
in  the  year  1852,  but  it  does  not  appear  that  anything  resulted  there- 
from. 

In  1867  a  survey  of  the  harbor  was  made  by  Lieutenant  Stanton, 
under  direction  of  Major  McAlester,  Cori)s  of  Engineers,  and  reports 
were  submitted,  with  estimates,  looking  to  the  improvement  of  the  inner 
harbor,  and  an  appropriation  was  made  in  1868  to  dredge  the  inner  bar. 

In  the  year  1869  the  citizens  of  Galveston  commenced  a  pile  dike, 
which  was  extended  from  the  city  towards  Fort  Point,  with  a  view  to 
contracting  the  water-way,  and  thus  scouring  oft'  the  inner  bar.  About 
1  mile  of  this  dike  had  been  completed  in  1873  with  beneficial  results. 

Captain  Howell,  Corps  of  Engineers,  assumed  charge  of  this  harbor 
in  1869,  and  after  a  short  study  of  the  position,  gave  it  as  his  opinion 
that  dredging  would  furnish  but  a  temporary  relief.  New  surveys  were 
therefore  instituted  by  him,  and  after  their  completion  and  a  thorough 
investigation  of  the  subject  involved,  a  project  was  submitted  to  the 
Chief  of  Engineers  in  1873  for  the  removal  of  the  inner  bar  and  deep- 
ening the  channel  over  the  outer,  possibly  to  18  feet  depth. 
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This  project  consisted  in  the  extension  of  tUq  city's  dike  to  the  north- 
east, to  force  the  water  flowing  from  Galveston  Harbor  in  that  direction 
far  enough  to  remove  by  scouring  the  inner  bar  before  permitting  it  to 
flow  toward  and  into  the  Gulf. 

2d.  In  the  prolongation  of  this  dike  after  turning  it  seaward  well  out 
toward  the  outer  bar. 

3d.  In  the  construction  of  a  similar  dike  from  the  outer  shore  of 
Bolivar  Point  in  a  direction  nearly  at  right  angles  to  the  coa^t  line  and 
approximately  parallel  to  the  first ;  both  jetties  to  be  extended  to  such 
distances  as  would,  by  contracting  the  water-way,  deepen  the  Gulf  bar 
to  a  possible  draught  of  18  feet. 

The  Board  of  Engineer  officers  (three  of  whom,  including  Captain 
Howell,  are  members  of  this  Board)  ordered,  February  2,  1874,  to  con- 
sider and  report  upon  the  foregoing  project,  approved  the  general  plan 
of  the  improvement,  but  expressed  their  doubts  as  to  the  durability  of 
the  cemented  gabions  with  which  it  was  proposed  to  build  the  jetties. 

The  report  of  the  Board  will  be  found  in  the  Report  of  the  Chief  of 
Engineers  for  1874,  Pjirt  I,  page  736.  After  a  short  description  of  the 
position  and  its  tidal  phenomena,  the  Board  give  their  opinion  of  the 
improvement  as  follows : 

That,  if  piers  proposed  by  Captain  Howell  were  con9triict<»d,  extending  over  the 
bar,  the  depth  of  water  tliereon  would  be  incrcivsed  in  an  important  degree,  thongh 
exactly  what  depth  might  be  looked  for  cannot  be  predicted.  It  la  also  believed  that 
thr  inshore  extremity  of  the  pier  on  the  Fort  Point  side  of  the  entrance,  from  the 
point  where  it  connects  with  the  bulkhead  constructed  by  the  city  to  where  it  joins 
the  long,  straight  portion  running  to  the  bar,  will  have  the  eftect  of  moving  the  bar 
at  the  Galveston  Harbor  entrance  near  to  Bolivar  Channel,  whereby  it  will,  to  some 
extent,  be  earned  off  by  the  main  current  of  the  latter. 

As  to  its  permanency,  and  method  of  construction  with  gabions,  they 
added: 

If  taken  literally,  this  condition  (of  permanency)  cannot,  in  the  opinion  of  the 
Board,  be  fulfilled  by  the  present  project,  nor  by  any  other  known  method  of  improve- 
ment. Though  the  present  piei^  will  not  secure  an  actual  permanency  of  the  depth  at 
first  attained,  nnless  they  should  be  from  time  to  time  extended,  *  *  *  it  is  be- 
lieved that  the  requirements  of  a  practical  permanency  will,  under  the  conditions 
before  expressed,  be  fulfilled. 

As  regards  the  method  of  construction  proposed  by  Captain  Howell  the  Board  is 
cotbpelled  to  speak  with  less  confidence.  Tne  importance  of  some  device  for  piers  or 
training-walls  for  the  improvement  of  our  harbors  which  shall  be  less  costly  than 
those  hitherto  practiced,  is  readily  recognized    *     *     » 

The  Board  therefore  thinks  it  would  be  well  to  make  a  trial  of  the  device,  and 
would  thereforere  commend  that  be  tested  by  first  constructing  the  inner  end  of  the 
pier  on  the  Fort  Point  side,  and  if  found  to  succeed  there,  that  the  pier  on  the  other 
aide  be  commenced  at  its  shore  end,  while  at  the  same  time  a  length  of,  say,  from  300 
to  500  feet  be  put  down  near  the  bar  extremity  of  the  same  pier  to  test  its  efficiency 
iu  the  most  exposed  position,  the  extremities  of  this  detached  portion  being  protected 
from  the  undermining  action  of  the  waves  and  currents  by  a  suitable  apron  of  bags  of 
concrete  or  other  material.  By  carrying  out  the  shore  end  of  the  pier  at  the  same 
time  as  or  before  the  experimental  portion  on  the  outer  bar,  some  idea  can  be  formed 
as  to  the  width  to  be  given  to  the  latter  to  enable  it  to  withstand  the  violent  action  in 
that  exposed  position. 

It  was  thought  by  Captain  Howell  and  the  other  members  of  the 
Board  that  the  drift  sand  would  bury  the  gabionnade,  and  the  trial  pre- 
scribed was  therefore  needed  to  test  its  durability  until  thus  covered. 
An  appropriation  of  $60,000  for  the  improvement  of  Galveston  Harbor 
was  made  in  1874  and  the  work  commenced.    During  the  summer  nearly 
200  mnning  feet  of  gabions  were  laid  in  the  Fort  Point  dike  or  pier, 
which  withstood  the  September  gale.    In  consequence  a  favorable  report 
thereon  was  made  to  the  Chief  of  Engineers,  who  referred  the  question 
as  to  the  method  of  construction  back  to  the  Board  by  letter  of  instruo* 
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tions  of  December  31,  1874,  to  decide  if  the  test  to  which  it  had  been 
subjected  was  in  their  opinion  adequate  to  establish  the  system. 

The  reply  of  the  Board,  given  in  Eeport  of  the  Chief  of  Engineers, 
Part  I,  1875,  page  869,  says  briefly : 

We  do  not,  therefore,  reganl  the  trial  made  by  Lieutenant  Quinn  :i8  decisive,  but 
still  advise  that  the  full  ttists  recommended  in  our  report  of  January  1874,  be  carried 
out. 

Should  further  trial  prove  it  a  suitable  structure  for  a  breakwater  on  the  Gulf,  its 
manner  of  construction,  whether  with  a  single  row  of  gabions,  or  two,  or  even  three 
in  the  first  tier,  and  its  height  and  finish  at  top,  must  be  worked  out  by  continQed 
experiment.  So  great  a  saving  will  be  effected  by  limiting  the  construction  to  a  single 
row  of  i^abions  in  each  tier,  that  the  trial  with  this  limit  ought  to  be  made  in  connec- 
tion with  the  method  of  two  rows  in  those  portions  of  the  jetties  it  is  proposed  to 
build  in  order  to  test  the  practicability  of  the  system. 

In  the  summer  of  1875,  with  the  further  appropriation  of  $150,000, 
preparations  were  made  for  continuing  the  work  on  a  larger  scale  by 
increasing  the  plant,  collecting  a  sufficient  supply  of  material,  and  cod- 
structing  a  large  number  of  gabions.  In  addition  about  2,000  feet  of 
gabionnade  had  been  put  in  place  when  the  hurricane  of  September  15, 
almost  unprecedented  in  duration  and  force,  destroyed  nearly  everything 
on  hand  and  washed  away  the  north  part  of  Galveston  Island  in  the  \icin- 
ity  of  Fort  Point  to  such  an  extent  as  to  leave  portions  of  it  under  water 
at  ordinary  high-tide.  The  losses  to  the  government  work  by  the  storm 
were  reported  as  amounting  to  $50,000. 

In  consequence  of  reported  changes  in  the  channels  and  shoals  of  Mie 
harbor  of  Galveston  and  its  entrance,  produced  by  the  hurricane  of  Sep- 
tember 15,  1875,  the  Board  upon  the  improvement  of  this  harbor  was 
again  called  upon,  December  10,  3875,  to  review  the  subject  and  to  give 
their  opinion  whether  any  modification  of  the  plan  heretofore  followed 
was  made  nece8S«ary  by  the  experience  due  to  the  gale.  Their  report  is 
given  in  the  Chief  of  Engineers'  Report  of  1876,  part  I,  page  581,  from 
which  we  quote  their  conclusions,  as  follows: 

1.  That  the  two  jetties  or  training  walls  recommended  in  the  report  of  Jannary, 
1874,  will,  if  constructed,  produce  an  important  increase  of  depth  over  the  outer  bar. 

2.  That  the  portion  to  be  first  constructed  bhould  be  that  part  of  tlie  west  jetty 
starting'  from  Fort  Point  towards  the  main  cliannel  and  continuing  as  far  along  the 
same  as  may  be  necessary  in  order  to  improve  the  inner  bar,  by  preventing  the  trans- 
port of  the  sand  by  waves  and  currents  into  the  inner  channel  and  allowing  the  cur- 
rents of  that  channel  to  increase  the  erosion. 

3.  As  the  use  of  gabions  is  a  novelty,  and  consecxuently  as  we  have  no  experimental^ 
knowledge  regarding  their  reliability  for  such  works,  they  should  not  be  adopted  deft- 
nitely  for  the  main  works  until  a  more  thorough  and  extended  tept  shall  have  beerm. 
made  of  them  by  the  extension  of  the  inshore  end  of  the  Fort  Point  jetty,  by  construct:  — 
ing  from  300  to  400  feet  of  the  northern  jetty  on  the  most  exposed  position  on  the  b*  :■£ 
and  of  a  jwrtion  of  the  inshore  end  of  that  jetty,  as  I'ecommended  in  our  first  report. 

It  should  be  stated  that,  in  the  opinion  of  the  Board,  the  use  of  these  gabions  L 
exposed  positions  can  be  att4}nded  with  snccess  only  in  case  they  shall  be  soon  covere-  * 
by  the  drifting  sands,  so  as  to  protect  them  from  injury  from  the  continued  action  cz 
waves,  from  the  shock  of  floating  bodies,  and  from  all  other  causes  which  might  tei^ 
to  disrupt  them  and  allow  their  sand  filling  to  escape.     When  so  protected  they  wi^ 
form  a  nucleus  for  the  sand  ridges  as  stable  and  as  permanent  as  if  of  stone  or  concret 
Bnt  if  not  so  protected,  those  gabion  structures  will  be  constantly  liable  to  injury  a 
in  time  to  decay,  when,  losing  their  sand  filling,  the  structure  would  soon  be  wash 
away.     That  the  proposed  jetties  will  bo  so  covered  seems  probable,  but  can  be  dct 
mineil  only  by  trial  such  as  we  have  recommende<l. 

Establishing  a  suitable  plant  on  Bolivar  Peninsula,  instead  of  rebnil 
ing  it  at  Fort  Point,  collecting  needed  material  and  mjinufacturing 


bions  with  which  to  resume  construction,  nearly  exhausted  the  balan  -^^ 
of  the  second  appropriation  and  caused  cessation  of  work  e^irly  in  Ju"^Kv 
187(5.  The  third  appropriation  ($142,000)  was  made  in  August,  IS^'^O 
but  was  not  freely  available  until  February  22,  1<S77.     With  it  the  B-^i/- 
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-ar  pier  was  eoniiiienced  and  the  Fort  Point  gabionnade,  designed  to 
emove  the  inner  bar,  continued  and  finally  comjileted,  the  funds  giving 
at  in  November  of  that  year.  In  June,  1878,  a  fourth  appropriation 
1125,000)  was  made  by  Congress,  which  has  been  expended  in  the  con- 
traction of  the  Bolivar  pier  to  a  length  of  about  7,000  feet,  and  the  col- 
ection  of  material  and  manufacture  of  a  large  number  of  gabions  for  this 
mmmer's  work. 

The  inner  bar  by  the  action  of  the  Fort  Point  pier  has  been  removed 
to  a  depth  of  20  feet.  The  effect  of  the  Bolivar  pier  is  reported  as  favor- 
able, but  it  has  not  yet  been  extended  far  enough  to  give  an  increase  of 
depth  on  the  outer  bar. 

Having  thus  given  a  brief  history  of  the  works  of  improvement  at 
Galveston  during  the  past  five  years,  the  Board  ])roceeds  to  the  main 
question  presented  for  its  consideration,  viz :  Have  the  cemented  gabions 
used  thus  far  in  building  the  Galveston  piers  been  sufficiently  tested  as 
to  solidity  and  durability  to  wairant  their  continued  use  in  the  comple- 
tion of  these  piers? 

In  their  trial  at  the  Fort  Point  pier  they  stood  against  the  fore^?  of 
carrents  and  storm  waves  until  they  were  covered  by  sand,  thus  fulfill- 
ing the  purpose  for  which  they  were  intended  by  becoming  the  nucleus 
for  a  sand  pier.    It  was  the  expectation  of  Captain  Howell,  the  origin- 
ator of  this  method  of  construction,  as  well  as  of  the  Board  that  recom- 
mended its  trial,  that  the  drift  sand  of  the  coast  would  cover  the  gabion- 
nadein  a  few  months  after  it  had  been  placed  in  position,  or  at  least 
sufficiently'  so  to  protect  it  in  great  part  from  the  destructive  effects 
of  storm  waves.    While  such  result  was  obtained  at  the  Fort  Point  pier, 
the  same  success  has  not  attended  the  construction  of  the  Bolivar  pier. 
This  latter  has  been  extended  seaward  into  the  open  gulf  about  7 ,000  feet. 
A  portion  of  the  gabions  were  pItMeed  directly  on  the  sand  bottom.    These 
settled  into  the  sand  to  depths  varying  from  ^  to  ^  of  their  height,  pos- 
sibly by  oscillation,  while  those  placed  on  mattresses  do  not  appear  to 
have  sunk  to  any  appreciable  degree;  nor  has  the  drift  formed  against 
them  thus  far,  as  was  anticipated.    Exi)osed  to  the  full  force  of  the  storms, 
about  ^  part  of  the  gabions  placed  in  the  north  pier  have  been  broken 
up  and  disappeared.    Captain  Howell  attributes  this  loss  in  part  to  the 
fact  that  many  of  tliese  gabions  had  been  kept  on  hand  for  a  long  period, 
between  one  and  two  years,  before  they  were  used,  and  that  in  conse- 
quence the  wood  of  which  they  were  in  part  made  had  sutt'ered  p^ial 
decay.    Further,  that  many  of  the  gabions  thus  lost  were  not  entirely 
filled  with  sand  and  did  not  attain  their  full  weight,  stability,  and 
strength.    Many  delays  and  adverse  circumstances  have  attended  this 
work  as  thus  far  carried  on. 

It  is  not  inappropriate  here  to  allude  to  the  magnitude  of  this  enter- 
prise. The  building  of  7  miles  of  piers  into  the  open  Gulf  of  Mexico, 
beyond  the  shore  line,  is  an  undertaking  of  its  kind  unprecedent,ed  in 
this  country.  The  Delaware  breakwater  and  those  more  noted  abroad, 
IS  at  Plymouth,  Cherbourg,  Algiers,  and  Poit  Said,  being  enrockments 
)f  natural  or  artilicial  stone,  are  not  parallel  cases.  They  were  regarded 
is  too  expensive  methods  ot  construction  for  this  locality.  The  question 
It  Galveston  was  to  build  into  the  Gulf  (where  the  water  is  shoal 
enough  to  become  in  violent  storms  either  a  continuous  line  of  breakers 
>r  sufficiently  approaching  thereto  to  involve  the  destructive  eftects  of 
rave  translatioTi)  two  piers  l)y  some  method  that  would  bring  the  cost 
rithin  justifiable  and  therefore  practicable  limits  of  expenditure.  It 
ras  with  this  view  that  the  cemented  gabion  was  resorted  to.  It  waa 
n  experiment  under  jx^culhir  circnmstuuces.     It  finds  ou\y  m  part  2b 
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parallel  in  the  iraproveiuerit  of  the  mouth  of  the  Maas,  the  outflow  o 
which  was  in  part  tidal  and  in  part  a  river  current,  and  the  piers  a  dtp 
parture  from  the  heretofore-established  system  known  as  enrockmeoij 
It  is  quite  probable  that  the  same  system,  viz,  alternate  layers  of  mail 
tress  and  stone,  carefully  laid  and  protected  on  the  slopes  and  to| 
curved  surface  above  water  by  large  blocks  selected  and  placed  wit 
care,  might  have  been  eflficient  at  the  Galveston  piers ;    but  it  m 
thought  to  be  too  costly  on  account  of  the  difficulty  of  obtaining  suitable! 
stone.    The  gabion,  therefore,  was  resorted  to  as  worth  the  tiial,  andfl 
with  the  hope  that  it  would  furnish  a  method  of  construction  in  like! 
cases  not  so  expensive  as  to  be  prohibitory.    As  an  experiment,  it  was^l 
open  to  modification  when  experience  should  suggest  changes  promiang  i 
improvement.    The  change  from  the  cylindrical  to  the  large  oblong  I 
gabions  was  made  soon  after  the  Fort  Point  gabionnade  was  commenced  \ 
with  a  view  to  greater  weight,  and  hence  to  stability  and  to  economy  oC  \ 
construction ;  but  it  is  questionable  if  the  change  has  not  weakeneA  \ 
the  structure.    This  was  of  no  consequence  in  the  south  pier,  or  so  long* 
as  the  gabionnade  was  rapidly  covered  by  drift  sand ;  but  in  the  nortlp- 
pier,  which  has  thus  far  shown  veiy  little  collection  of  sand,  the  strengtli^ 
of  the  gabion,  and  hence  its  durability,  becomes  an  essential  featiure. 
The  fact  that  one-sixth  part  of  those  laid  on  the  north  pier  have  been 
destroyed  is  proof  that  they  were  not  strong  enough  to  withstand  the 
waves  to  which  they  were  subjected.    Defects  in  the  making,  the  ma- 
terial, and  the  filling  may  account  for  the  breaking  of  a  part,  perhaps 
the  larger  part,  of  these  lost  gabions,  yet  the  inference  remains  that 
they  are  not  strong  enough,  as  laid,  to  undergo  continued  battering  of 
the  waves.   In  this  connection  it  should  be  stated  that  the  loss  occurred 
on  the  inshore  portion  of  the  gabionnade,  where  they  were  subjected  to 
greater  strains  by  the  force  of  the  shoaler  water  translated  into  breakers 
by  storms. 

It  would,  however,  be  very  uujiast  to  the  originator  of  this  system  of 
construction  to  condemn  it  on  imperfect  evidence  without  personal 
examination  and  without  being  sure  that  we  comprehend  fully  all  the 
circumstances  under  which  an  apparent  or  partial  failure  at  one  point 
has  occurred.  Had  any  other  system  whatever  been  used,  it  is  quite 
probable  there  would  have  been  delays,  destniction  of  plant,  and  other 
losses,  as  well  as  occasional  injury  to  the  imfinished  work  by  reason  of 
the  >^olent  storms  of  this  locality,  and  the  frequent  cessation  of  work 
from  that  and  other  causes. 

It  seems  quite  pirobable  that  the  gabions  have  not  been  made  as  strong 
a!lB  they  should  be ;  that  they  are  not  sufficiently  braced  inside,  iiud  that 
the  heads  are  not  as  secure  as  they  might  be  made  by  being  tie<l  together 
by  several  rods.  The  question  also  occurs  as  to  the  best  manner  of 
placing  them,  whether  in  a  single  row,  lengthwise,  or  in  two  rows,  side 
by  side,  or  removed  a  short  distance  one  from  the  other ;  or  again,  in  a 
single  row  placed  crosswise. 

Until  the  above  methods  have  been  tried  with  gabions  made  stronger 
than  those  hitherto  used,  the  Board  cannot  regard  the  question  of  their 
success  or  failure  as  fully  decided. 

It  may  yet  occur  that  the  gabionnade  will  collect  drift-sand,  and  thus 
l)rotect  itself.  The  time  that  has  elapsed  since  the  Bolivar  pier  was 
commenced  is  not  sufficient  to  determine  that  question. 

This  Board,  therefore,  in  conclusion,  recommend,  as  Captain  Howell 
has  on  hand  about  COO  gabions  (which  if  not  used  would  be  mere  waste) 
that  he  strengthen  them  and  try  the  methods  of  placing  them  suggested, 
and  cause  close  observations  to  be  made  with  a  view  to  determine  (if 
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ny  fail),  in  what  way  tliey  are  injured  or  give  way,  and  to  gather  such 
ther  exx)erience  therefrom  as  will  enable  this  Board  to  form  a  decision 
s  to  the  eflficiency  of  the  system  after  this  further  trial.  In  the  mean 
ime  no  more  gabions  should  be  made. 

This  Board  further  suggests  that  the  method  by  alternate  layers  of 
imple  brush  or  reed  mattresses  and  stone  be  tried,  provided  stone  can 
fS  obtained  from  the  Trinity  or  San  Jacinto  rivers  above,  or  from  any 
.ther  source,  more  cheaply  than  concrete  can  be  made.  If  not,  that  con- 
rete  in  blocks  be  used,  or  in  bags,  instead  of  stone.  The  object  of  try- 
ng  this  method  is  twofold — 

Ist  To  determine,  if  possible,  upon  some  method  of  surface  finish 
^bat  will  endure  without  displacement  the  shock  of  the  storm  waves. 
2(1.  To  determine  its  cost  or  relative  economy  to  other  systems. 
There  can  be  little  doubt  that  the  Dutch  system  would  be  as  success- 
fal  at  Galveston  as  at  the  mouth  of  the  Maas. 

Any  system,  however,  that  exposes  small  stone  on  the  surface  and 
slopes  to  the  action  of  open-sea  breakers  will  be  liable  to  injury,  and 
will  at  times  require  repairs.    Breakwaters  which  are  enrockments 
have  usually  been  covered  on  the  upper  part  of  their  sloping  sides  and 
on  the  top  by  very  large  selected  stone  phiced  with  care,  and  they  have 
been  further  protected  by  a  heavy  course  of  stone  laid  as  a  binding  wall 
on  the  upper  surface,  or  they  have  been  built  of  blocks  of  concrete  of  a 
weight  of  25  tons  and  upwards,  large  enough  to  resist  the  moving  power 
of  waves.    The  outer  portion  of  the  two  jetties  built  into  the  Gulf  of 
Mexico,  at  the  mouth  of  the  South  Pass  of  the  Mississippi,  have  been 
injured  by  storm  waves,  which  rolled  the  top  stones — quite  large  granite 
blocks— from  the  surface  down  the  slopes  into  the  sea.    While,  there- 
fore, we  recommend  for  trial  the  system  by  alternate  layers  of  mattresses 
and  stone,  we  suggest  that  the  Holland  or  Maas  dike  be  taken  as  the 
model,  the  mattresses  of  which  are  made  thin  and  sufficiently  weighted 
with  small  stone  to  consolidate  them  as  the  work  progresses.    There  is, 
however,  no  necessity  for  the  use  of  fascines,  for  reed  or  brush  will  con- 
solidate sufficiently  if  the  mattresses  are  made  thin  and  properly  loaded. 
The  pit)tection  of  the  surface  is  the  difficult  question  to  be  solved,  and 
we  are  not  aware  of  any  method  to  accomplish  that  object  with  an  ab- 
solute surety.    The  pavement  of  the  slopes  and  upper  surface,  after  the 
Dnteh  method,  is  better  tested  than  any  other.    It  is  quite  possible  that 
concrete  blocks  of  great  weight  may  prove  to  be  a  good  finish  to  these 
jetties  as  large  stone  have  been  to  the  ordinary  stone  breakwater. 

There  is  no  very  cheap  way  of  building  jetties  into  the  ocean.  As  far 
as  we  can  learn,  the  Maas  jetty,  where  16  feet  deep,  cost  about  $200  per 
running  foot.  At  Galveston  the  depth  will  vary  from  8  to  12  feet,  and  the 
cross-section  will  be  very  much  reduced,  varying  nearly  as  the  squares 
of  the  depths.  Could  suitable  stone  be  procured,  the  cost  might  not  be 
relatively  greater  than  in  Holland.  The  system  is  worth  the  trial,  omit- 
ting the  construction  of  fiiscines  and  adopting  instead  the  simple  mat- 
tress, made  of  layers  of  brush  or  reeds  place<l  at  right  angles  to  each 
other. 

Respectfully  submitted. 

Z.  B.  Tower, 
Colonel  of  Engineers^  Bvt  Maj.  Gen. 

John  Newton^ 
Colonel  of  Fn/jineers^  Bvt  Maj,  Gen. 

Q.  A.  GiLLMORE, 

Lit  utenanl' Colonel  of  Entjineera^  Brf.  Maj.  Gen. 
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N  9.  ^ 

IMl'KOVEMEXT  OF  HARBOR  AT  BRAZOS  SAXTIAliO,  TEXAS. 

The  ouly  survey  (iu  so  far  as  official  records  show)  of  this  harbor  aud| 
pass  wa«  made  iu  1871,  January  28  to  March  13;  and  report,  submitting 
plan  and  estimates  for  improvement,  was  rendered  April  7, 1871. 

FROM  REPORT  OF  THE  SURVEY. 

1.  The  harbor  is  situated  about  10  miles  from  the  mouth  of  the  Bio 
Grande. 

2.  The  depth  of  water  on  the  bar  at  the  mouth  of  the  river  was  4  feet, 
making  it  necessary  to  "lighter^  everything  destined  for  Brownsville- 

3.  The  bar  in  the  usual  curved  form,  obstructs  the  harbor  direcUy 
a<^ross  the  mouth  of  the  pass,  and  is  so  situated  as  to  be  entirely  expose*^ 
to  heavy  storms ;  it  is  composed  of  a  quicksand  formation,  acted  upoi 
with  extraordinary  facility  by  water.  The  channel  across  the  bar  cov\ 
stautly  shifts.    The  depth  of  water  (in  1871)  was  7  feet  at  high  tide. 

4.  Great<5St  depth  of  water  in  harbor  27  feet. 

5.  The  improvement  desired  is  a  deeper  channel  across  bar. 

G.  The  harbor  is  ample  for  the  commerce  of  the  port  and  needs  ^ 
protection. 

7.  The  only  possible  application  of  dikes  (.jetties)  here  would  be 
prolong  the  walls  of  the  outlet  until  they  reach  a  point  very  near  t:  ^ 
position  of  bar,  in  order  to  concentrate  upon  one  spot  the  whole  acti^ 
of  whatever  current  there  might  be.  The  immediate  eftect  of  this  mig'^ 
be  favorable.  The  ultimate  eliect  would  be  the  formation  of  a  new  \p^ 
outside  the  present  one,  and  that  at  no  distant  period. 

8.  The  formation  of  structure  being  in  quicksand,  difficulties  of  co^ 
struction  would  be  very  great. 

9.  The  estimate  (following)  proposes  a  single  concrete  jetty  (3,500  fee 
in  length)  with  an  average  cross-section  22  feet  in  width  by  15*  feet  in 
height,  the  width  being  at  every  i)oiut  50  per  cent,  greater  than  the 
height.    The  head  of  jetty  to  be  circular,  and  50  feet  in  diameter. 

ESTIMATKS. 

1,752  palimtto  i»ilt's,  25  IVct  each $i:^,  140  (Xl 

148.197  feet,  board  measure,  f^  bv  H  inch  eai>-tiiiiber,  Ae 7,  409  8;' 

13,961  ponmbi  1  l)y  18  inch  bolLs 1,675  3*^ 

Framing  tien,  &c 1,314  DC 

Driving  piles 3, 504  0( 

30,610  gimny  sacks 6,122  0( 

49,431  cubic  yards  concrete 741, 465  0( 

Total  cost  of  jetty 774,630  Vi 

If  aft^^r  constructing  a  jetty  of  this  kind,  it  is  found  that  the  bar  has  only  moved 
farther  out  into  the  gulf,  which  will  probably  be  the  case,  it  will  then  be  necessary  t< 
prolong  the  jetty  to  the  new  position  of  the  bar. 

The  object  of  submitting  this  estimate  is  to  show  the  cost  of  what  is  believed  to  1m 
the  best  ]dan  for  improvement.  The  necessities  of  the  case  do  not  seem  t<>  call  foi 
such  an  expenditure. 

From  the  date  of  report  of  survey  as  above  given,  until  1878,  nothing 
appears  to  have  been  done  in  regard  to  this  harbor. 
In  1878 — November  29  to  December  30 — the  obstruction  occasioned 


►Settlement  of  4  feet  allowed. 
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by  tlie  wreck  of  tlie  bark.  Eene  des  Mers  wa«  removed  from  the  harbor ; 
appropriation  of  $6,000  by  act  of  Congress  approved  June  IS,  1878. 

PROGRESS   MADE   DURING    YEAR  ENDING   JUNE  30,   1880. 

!^o  funds  available  for  expenditure  on  this  work  during  the  year. 

The  first  appropriation  for  improvement  proper  ^the  amount  given  in 
1878  being  for  the  removal  of  obstructions  to  navigation)  at  this  point 
is  by  the  terms  of  the  act  of  Congress  of  June  14,  1880,  viz,  $25,000. 

In  any  plan  suggested  for  the  improvement  of  the  harbor  at  Brazos 
Santiago,  the  sum  available,  $25,000  will  not  warrant  actual  commence- 
ment on  the  work. 

It  is  therefore  recommended  that  the  appropriation  of  $25,000  be  held 
to  await  further  action  of  Congress,  and  in  the  mean  while  measures 
may  be  taken  in  hand  to  project  a  defined  plan  for  the  expenditure  of 
appropriations  to  follow  hereafter. 

The  work  is  located  in  the  collrction  district  c»f  Bvnwnsvilk',  Tex.,  and  the  nearest 
light  Brazos  Island  li^lit  (beacon). 

Money  statement. 

Amount  aiipropriated  l»y  act  appi-oved  Jnne  14,  1880 i<2^>,  (KK)  00 

July  1,  \'*tO,  anionnt  available 25,000  00 

Amount*  (estimated)  re<|uired  for  completion  of  existini;  project 774, 6150  00 


N  lo. 

PROTECTION  OF  RIVER  HANK  AT  FORT  BROWN,  TKX  AS,  FROM  KXCROACH- 

MENTS  OF  THE  RIO  GRANDE. 

f^riginal  appropriation  (act  of  Julv  31,  1876) ^10, 000 

Appropriation  of  March  3,  1879../. 7,000 

Total 17,04)0 

hi  1871  private  parties  built  a  pile-jetty  about  330  yards  upstream 
from  the  garrison  wall,  the  greater  i>ortion  of  which  was  washed  away 
in  years  since. 

In  April  and  June,  1877,  there  was  constructed  a  pile-jetty  (or  break- 
water); the  axis  of  the  main  work  was  a  line  starting  at  the  river  bank 
at  the  foot  of  Fourteenth  street,  Brownsville,  and  made  an  angle  of  9^ 
with  the  general  direction  of  the  shore  line  from  the  starting  i)oint  to  a 
point  in  front  of  the  Administration  Building. 

The  main  work  was  150  feet  long,  and  was  connected  with  the  bank 
Movf  by  a  wing  built  in  the  same  manner  as  the  main  structure,  and 
making  with  it  an  angle  of  about  130^,  the  object  of  the  wing  being  to 
prevent  the  formation  of  a  dangerous  eddy  below  the  work. 

In  March,  April,  and  May,  1878,  repairs  were  put  upon  this  pile  jetty ; 
and,  also,  from  the  6th  pile  of  the  main  work  was  commenced  a  new 
stnicture,  upon  the  same  plan,  continuing  about  130  feet  further  up  the 
stream,  the  last  40  feet  of  this  distance  being  sheet-piling.  About  this 
same  time  of  the  year  the  Levee  Company  of  Brownsville  put  in  a  small 
jetty  of  live-willow  piles  just  above  the  city,  at  an  expense  of  about 
^3,000. 

•Estimate  for  om*  jt;tty,  uuHouth  sidi',  nuule  in  1871. 
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Cost  of  original  structure  and  wing,  $7,197.50 ;  therefore  Captaiu  Grreg» 
ory,  in  charge  then,  recommended  the  appropriation  of  $14,400,  to  build 
400  feet  of  extension.  * 

I  was  directed  by  Special  Orders,  No.  30,  dated  Headquarters  Corps  of 
Engineers,  March  10,  1880,  to  relieve  Capt.  W.  11.  Livermore  of  tlie 
charge  of  this  work. 

Under  instructions.  Captain  Livermore  submitted  to  your  office  a  pro- 
ject for  the  work,  dated  Fort  Brown,  Tex.,  February  27, 1880.    This  was 
referred  to  me  by  indorsement  for  consideration  in  connection  with  tke 
preparation  of  my  project  for  the  application  of  $7,000  made  by  the  river 
and  harbor  act  of  March  3,  1879,  "  for  protection  of  river  bank  at  Fort  \ 
Brown,  Tex.,"  assigned  to  him  (Capt.  W.  E.  Livermore)  by  paragrapb  ^ 
of  General  Orders,  No.  30,  headquarters  Corps  of  Engineers,  current  series- 

In  accordance  therewith  I  wrote  your  office  on  the  24th  of  March : 

Captain  LivermorVs  project  of  lining  the  river  bank  with  a  mattress  of  brnsli^   '^'^\ 
prevent  furtlier  erosion  seems  to  be  the  correct  method  of  procedure,  and  is  wh  i*  * 
would  recommend  be  done  with  the  available.funds. 

Upon  your  receipt  of  this  I  was  advised  by^  telegraph  that  the  proj 
was  approved,  and  I  was  directed  to  execute  it. 

Taking  the  first  steamer  for  Brownsville,  I  arrived  tliere  the  nights 
the  11th  of  Ai)ril.    The  morning  of  the  14th  a  gang  of  10  men  be 
cutting  brush  on  the  reservation,  and  by  the  evening  of  the  22d  we  h 
placed  in  position  on  the  river  bank  2  mattresses,  measuring  65  by  3:^ — ' 
feet,  thus  covering  about  70  running  feet  of  bank ;  the  river  was  at  :»^ 
low  stage,  and  about  35  feet  of  the  mattresses  were  under  water,  lyi 
upon  the  bed  of  the  river,  well  anchored  down  by  ballast  consisting 
bags  of  brickbats,  there  being  no  stone  available. 

Leaving  the  work  in  good  and  well-instructed  hands  I  returned  "^^ 
Galveston.    By  the  close  of  the  month  six  mattresses  (65  by  32  J  fee^ 
were  successfully  placed,  covering  about  200  running  feet  of  bank.     B  V 
the  27th  of  the  month,  we  had  exhausted  the  supply  of  brush  in  the  res- 
ervation and  began  cutting  it  at  points  on  the  river  above  and  below. 

After  placing  the  third  mattress  the  river  suddenly  rose  12  feet  in  one 
day,  and  the  following  day  fell  9  feet;  our  incomplete  work  therefoi-e 
received  a  severe  test  which  it  sustained  unflinchingly  and  gave  us  the 
assurance  that  our  work  would  be  a  success.  As  we  anticipated,  a 
large  amount  of  sediment  was  deposited  upon  our  mat«,  which  insures  its 
perfect  stability. 

Our  work  continued  with  little  interruption  during  May  and  till  the 
11th  of  June,  when  it  was  brought  to  a  close  by  reason  of  the  scarcity 
of  brush  and  for  the  further  reason  that  we  had  completed  the  work  orig- 
inally contemplated;  1,047  running  feet  of  bank  had  been  covered  with 
mattresses,  measuring  68,000  square  feet  of  surface,  100  running  feet  of 
bank  below  has  been  covered  with  trees  and  brash  anchored  with  wire, 
and  the  old  jetty  (Captain  Gregory's)  filled  in  the  same  mannier.  Pro- 
vision has  been  made  for  carrying  the  surface  drainage  away  from  the 
bank  and  into  the  lagoon,  and  a  neat  fence  formed  of  our  fascines  horses 
gives  material  protection  to  the  river  bank  and  the  road  which  runs 
along  its  crest  by  the  Administration  Building. 

A  brief  description  of  our  work  may  not  be  out  of  place  here.  Its  sim- 
plicity and  cheapness,  and  withal  its  undoubted  efficiency,  will  recom- 
mend its  adoption  under  similar  conditions. 

Here  we  had  a  bank  on  the  concave  side  of  the  river,  14  feet  high 
above  the  level  of  low- water,  composed  of  strata  of  sand  and  clay, 
hugged  by  the  current,  which,  even  in  a  low  stage  of  the  river,  has  a 
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considerable  velocity ;  the  depth  of  water  along  this  bend  at  low  stage 
l>eiiig  over  20  feet. 

Sudden  rises  of  the  water  caused  by  melting  snow  in  the  mountains 
or  by  heavy  rainfall  occur  each  season,  notably  in  June,  when  the  river 
boils  and  surges  in  a  terrific  manner,  and  carries  before  it  everything 
placed  in  the  river  in  the  form  of  a  jetty  or  training  wall ;  the  bank  is 
softened,  and  when  the  water  falls  it  caves  in  and  dissolves  like  sugar  in 
liot  ooflfee. 

This  action  has  been  going  on  for  years,  and  lately  the  danger  of  its 
cutting  through  (210  feet)  into  the  lagoon  has  been  quite  imminent ; 
sliould  such  an  event  occur,  valuable  government  buildings  would  be 
s^ept  away,  and  historic  old  Fort  Brown  with  its  site  would  most  as- 
stwredly  be  taken  by  the  Mexicans. 

It  was  with  a  view  to  guard  against  such  a  contingency  that  the  appro- 
xiation  of  $7,000  was  made  by  Congress. 
For  the  past  ten  years  the  Mexican  point  (Santa  Cruz)  opposite 
lownsville  has  been  gradually  eaten  away  by  the  current  of  the  river 
c^irected  against  it  by  jetties  built  by  private  parties  for  the  purpose  of 
laiming  land  for  the  city  of  Brownsville.  The  effect  of  this  change 
the  river  bed  has  been  to  direct  the  full  force  of  the  current  against 
e  government  reservation  below  and  adjacent  to  the  city.  Captain 
regoiy  put  in  a  jetty  here  in  1878  to  direct  the  current  from  the  bank, 
e  point  of  impact  of  the  current  was  constantly  descending,  and  soon 
it  struck  the  bank  below  and  cut  in  behind  the  jetty  to  its  serious  injury 
«fc;Hd  impeiiled  the  Administration  Building. 

The  bank  now  for  over  1,000  feet  below  Captain  Gregory's  jetty  is 
^tiought  to  be  safe  against  further  erosion  in  consequence  of  our  brush 
niattress  covering.    Its  mode  of  construction  was  as  follows : 

Abundance  of  excellent  brush  being  at  hand  for  the  cutting,  fascine 
Topes  were  made  4  to  6  inches  in  diameter  and  in  lengths  of  65  and  32^ 
feet,  the  longer  for  the  circumstance  of  the  case,  the  shorter  for  con- 
venience.   A  raft  was  constructed  and  framed  over  with  parallel  rollers — 
dimensions  of  our  raft  (about  30  feet  square)  were  limited  by  available 
material  therefor — and  moored  against  the  bank,  which  had  been  pre\'i- 
ously  roughly  graded.  • 

The  longer  fascine  ropes  were  then  run,  end  on,  down  the*  bank  and 
out  onto  the  i*aft,  the  upper  end  resting  at  the  crest  of  the  bank,  the 
lover  at  the  outer  edge  of  the  raft,  and  spa(?ed  about  3  feet  apart ;  11  fas- 
cines sufficed.  The  shorter  fascine  ropes  were  then  rolled  down  the 
bank  and  spaced  likewise  3  feet  apart  and  at  right  angles  to  the  former, 
the  whole  forming  an  open  network  of  square  meshes,  with  both  ends 
of  fascines  ext^n^ng  all  around,  1  foot  beyond  the  last  crossings. 

Every  crossing  around  the  edge  and  every  alternate  crossing  inside 
was  tlien  lashed  with  rope  the  size  of  a  clothes-line,  having  an  eye  turned 
in  one  end,  the  other  end  being  secured  temporarily  to  the  top  of  a  stake 
placed  vertically  in  the  fascine  so  that  it  could  be  easily  found  after  the 
filling  brush  and  upper  grillage  had  been  i)laced,  when  it  served  to  fasten 
the  crossings  to  the  top  giillage  and  to  securely  bind  the  mattress  com- 
pactly. 

The  other  crossings  of  the  grillage  not  already  secured  by  rope,  were 
l)oand  with  a  smaller  cord. 

Upon  the  lower  fascine  ropes  and  between  the  cross  ones,  bnish  was 
laid,  carefully  distributed,  so  that  when  compacted  it  would  be  close  and 
about  6  inches  thick. 

Over  this  were  then  placed  the  long  fascines,  directly  over  and  corre- 
sponding to  the  ones  hclow^  between  these  was  laid  anotlier  eo\wvwv^\ 
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layer  of  brush  6  inelies  thick  crossing  the  layer  below,  and  above  the 
shorter  honzonal  fascine  ropes  corresponding  to  the  ones  below,  the 
crossings  being  marked  by  the  stakes.  The  ropes  about  the  stakes  were 
then  used  to  bind  the  crossings  and  formed  a  compact  mattress  18  inches 
thick.  The  other  crossings,  as  in  the  bottom  grillage,  were  then  bound 
with  smaller  cord,  and  stakes  were  then  withdrawn. 

The  mattress  was  now  complete,  and  being  anchored  at  the  crest  of 
the  bank,  the  raft  was  withdrawn  from  under  it,  when  it  floated  till 
weighted  by  accumulation  of  sediment  from  the  water  or  by  ballast 
placed  thereon.  The  raft  was  brought  to  position  again  and  another 
mattress  constniced,  and  so  the  work  proceeded  till  the  whole  river 
bank  was  covered. 

Over  all  rubbish  and  dirt  may  be  dumped,  and  grass,  wee<ls,  and  brush 
be  encouraged  to  grow,  which  ought  soon  to  consolidate  it  and  put  it 
beyond  chance  of  destruction  by  the  elements. 

During  the  progress  of  our  work,  the  Mexicans  placed  a  jetty  on  their 
side  just  above  Santa  Cruz  point,  extending  well  into  the  bed  of  the  river, 
and  as  a  result  the  current  is  thrown  directly  against  the  city  of  Browns- 
ville, where  it  threatens  to  do  great  damage  in  spite  of  the  efl:brts  of  citi- 
zens who  are  endeavoring  to  hold  their  own,  by  covering  the  low  ground 
with  a  system  of  brush  fences.  The  effect  upon  our  work,  however,  is 
beneficial,  as  the  current  is  now  parallel  to  it. 

As  our  work  rests  upon  valuable  city  property,  it  is  presumed  it  will 
be  protected,  and  the  river  will  not  be  permitted  to  get  in  behind  it 

In  conducting  this  work  I  have  been, ably  seconded  by  Mr.  S.  W. 
Brooks,  the  superintendent  in  charge,  to  whose  zeal  and  energy  thfe 
speedy  execution  of  the  work  is  due.  Anticipating  the  usual  June  risfc 
of  the  river,  time  became  an  essential  element. 

My  expectations  have  been  more  than  realized,  and  to  Mr.  Brooks  ni 
acknowldgments  are  made. 

Money  statement, 

July  1,  1879,  {unouiit  availaljle $7,000     OO 

July  1,  Ij^HO,  amouut  expended  during  liseal  year 5, 704      ^ 

July  X,  1880, .amount  available 1. 29^      I 
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REMOVAL  OF  BAFT  IN  RED  RIVER,  AND  CLOSING  TONE'S  BAYOU,  LOUIS- 
UNA— DIPROVEMENT  OP  CYPRESS  BAYOU,  TEXAS  ;  OP  THE  MOUTH 
OF  BED  RIVER,  AND  OF  RED  RIVER  AND  CERTAIN  RIVERS  IN  MIS- 
SISSIPPI, ARKANSAS,  AND  TENNESSEE — PRESERVATION  OF  THE  PORTS 
OF  MEMPHIS,  VICKSBURa,  AND  NATCHEZ — WATER-GAUOES  ON  THE 
MISSISSIPPI  AND   ITS  PRINCIPAL  TRIBUTARIES. 


lieportofimajor  w.  h.  if.  bexyaird,  corps  of  exgixekrs,  officer 
ix  charge,  for  the  fiscal  year  exdfxg  juxe  'm),  1880,  with 
other  documexts  relatixg  to  the  works. 

United  States  Engineer  Office, 

MeniphiSj  Tenn.y  July  1, 1880. 

CiENERAL  :  I  have  the  honor  to  transmit  herewith  annual  reports  upon 
the  works  under  my  charge  for  the  fiscal  year  ending  June  30,  1880. 
Very  rcvspectfully,  your  obedient  servant, 

W.  n.  H.  Benyaurd, 

Major  of  Engineers, 
Brig.  Gen.  H.  G.  Wright, 

Chief  of  Engineer 8 J  U.  S,  A. 


O  I. 

Removing  raft  in  red  river  and  closing  tone's  bayou,  Louisiana 

• 

The  above-works  are  very  different  in  their  nature,  and  the  localities  at 
^bich  operations  are  carried  on  are  widely  separated.  While  the  appro- 
Pnation  for  the  whole  is  amply  sufficient  for  the  raft-work,  it  is  insuf- 
^<5ent  for  that  and  the  closing  of  Tone's  Bayou,  and  therefore  I  have 
^^ever  been  able  to  carry  on  this  latter  work  to  the  best  advantage.  I 
^oald  respectfully  suggest  if  new  appropriations  be  made  that  these 
^orks  be  separated. 

1.   REMOVAL  OF  RAFT  IN   RED   RIVER,  LOUISIANA. 

During  the  low- water  season  of  1879,  the  steamer  Florence,  belonging  to 
the  above  work,  not  being  needed  therefor,  was  sent  to  Saint  Louis  for  a 
general  overhauling,  after  which  she  was  sent  into  the  Tallahatchee  and 
^Idwater  Eivers,  Mississippi,  for  operations.  In  January  last  she  was 
•'^nt  to  Sbreveport  to  be  in  readiness  to  remove  and  break  up  every  jam 
that  might  occur  in  the  river  above. 

Only  one  jam  occurred  during  the  first  rise.    This  was  btok^w  \\\> 
without  lYifficulty,  and  nnintermpted  navigation  maintained  \mt\\  3v\\w. 
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when  a  rise  from  Upper  Eed  brought  down  a  great  quantity  of  drift 
which  lodged  in  the  raft  region. 

JIhe  Florence  being  employed  in  towing  the  dredgeboat  to  the  mouth 
of  Red  River,  I  obtained  from  the  Red  River  Transportation  Company 
the  use  of  the  Willard  and  Jo.  Bryarly  for  the  work  of  removing  these 
jams. 

The  following  work  was  done : 

Jam  Ko.  1  removed ;  it  wa«  about  15  miles  above  Shreveport,  and  j 
about  1,800  feet  long  5  Xo.  2,  about  2  miles  above  was  about  same  length; 
No.  3,  3  miles  above  was  about  J  mile  long ;  No.  4, 2  miles  above,  a  small 
jam ;  No.  5,  about  1  mile  above  Hurricane  Bluff;  this  was  a  bad  jam, 
caused  entirely  by  some  timber  cribs  belonging  to  Jones  &  Co.,  of  ] 
Shreveport.  This  drift  was  so  badly  jammed  that  several  cribs  of  logs 
were  standing  on  their  ends,  and  through  the  whole  drift  much  of  the 
timber  was  standing  10  feet  above  the  surface  of  the  water ;  the  length 
of  this  jam  was  about  1^  miles,  immense  cottonwood  trees  lying  in  all 
directions.  This  was  cut  and  passed  down  in  small  lots,  but  at  Gold 
Point,  about  12  or  15  miles  below,  the  cribs  caught  again  on  some  snags 
and  formed  another  jam,  while  the  Willard  was  above  it  At  this  time 
the  steamboat  Brandon  came  down,  and  with  her  crew  and  that  of  the 
Willard,  work  was  commenced  at  the  lower  end,  cutting  and  pulling  oat 
with  block  and  tackle.  When  about  two-thirds  through,  the  Bryarly 
came  up  and  helped  the  work  of  removal. 

It  is  probable  that  a  great  portion  of  the  above-mentioned  drift,  would 
have  passed  through  the  channel  without  blocking  the  same  up,  if  it 
had  not  been  for  the  fact  that  a  number  of  cribs  of  large  timber,  intended, 
for  Messrs.  John  R.  Jones  &  Co.,  of  Shreveport,  were  put  into  the  river  on 
the  rise,  and  sent  oflF  without  any  person  to  look  after  them  and  see 
that  they  did  not  get  caught  by  snags,  &c.,  and  so  cause  a  jam.  As 
many  as  30  or  40  of  these  cribs  are  sent  oft'  at  once,  with  only  the  last 
crib,  called  a  driver,  manned  with  6  or  8  men.  The  parties  in  interest 
knew  perfectly  well  that  their  timber  must  go  through,  for  either  the  gov- 
ernment or  the  steamboat  men  in  the  interest  of  navigation  are  bound 
to  keep  the  river  open.  Attention  is  called  to  this  point,  with  a  view  of 
seeing  if  there  be  a  law  which  shall  x^revent  the  obstruction  of  the^ 
river  in  that  manner. 

2.   CLOSING  tone's  BAYOU,  LOUISIANA. 

• 

The  work  of  closing  Tone's  Bayou  was  commenced  in  June  last  with^- 
working  force  under  charge  of  Geo.  R.  Wilson,  assistant  engineer,  and — 
was  continued  until  September,  at  which  time  the  dam  was  24  feet  higfa^ 
and  between  banks  250  feet  long.  The  allotment  of  the  appropriation-^ 
was  not  sufticient  to  carry  it  up  to  its  whole  height. 

The  top  was  covered  by  a  heavy  layer  of  stone  to  weight  the  mattresses  — 
down,  and  prevent  the  heavy  drift  timber  which  goes  down  the  bayou-J 
on  every  flood,  from  knocking  the  top  to  pieces.  This  has  been  one^ 
serious  drawback  to  the  full  completion  of  the  dam.  The  amount  ap — 
propriated  each  year  has  not  been  sufficient  to  carry  the  dam  com^ — 
pletely  up  to  high-water  mark  as  originally  intended,  consequently  every — 
high-water  a  portion  of  the  top  of  the  dam  has  been  carried  away 
This  had  to  be  rebuilt  the  following  season,  only  to  be  again  destroy 
the  next.  In  addition  I  have  had  to  keep  a  watchman  on  the  work  con 
tinuously,  to  see  that  the  same  be  not  cut  and  to  prevent  some  of 
people  in  that  section  of  the  country  from  carrying  away  the  ston^^ 
covering.    Rock  is  quite  a  scarcity. 
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The  low-water  dam  lias  been  maintained,  and  it  has  been  a  source  of 
great  assistance  to  the  navigation  of  the  river  below  Shreveport.  The 
water  reached  a  point  last  year  3J  feet  below  the  low-water  of  1878, 
which  np  to  that  time  had  been  the  lowest  ever  known.  Notwithstand- 
ing this,  steamboats  made  regular  trips  from  Shreveport  to  Grand  Ecore, 
a  thing  never  attempted  betore  the  partial  closing  of  the  bayou. 

The  amount  of  work  done  during  the  period  above  mentioned  was  as 
follows: 

i'lmls  of  bnisli  iiu'a»iire<l  in  plm't*  (tliis  inrludoH  1,406  conl.s  iiumIc  into  niat- 

treswos) 2,291 

Linear  fe«»t  of  )m)1c8  (net),  not  inchnling  laps  for  splicing 42, 300 

Stakes  8  feet  long 4,210 

Pins  8  inches  long,  1  inch  diameter 8,420 

Cubic  yanU  clay,  pnt  in  between  layers  of  mattresses  »nd  brnsh 3,  ICO 

Banvls  of  clay  for  ballast - 1, 0X\ 

Cubic  yards  rock  spread  on  top  of  dam 295 

As  the  amount  appropriated  by  act  of  June  14,  1880,  and  intended 
for  operations  at  both  points,  viz,  the  raft  and  Tone's  Bayou,  will  be  in- 
iinfficient  for  the  purpose  of  keeping  the  raft  open  and  at  the  same  time 
completing  the  brush  dam,  it  is  i)roposed  in  the  latter  case,  as  the  water 
above  the  dam  is  dead,  to  put  in  an  earthen  dam  up  to  high-water  mark 
^*th  wings  to  prevent  the  action  of  the  water  around  it.  The  bottom 
and  banks  of  the  bayou  are  of  such  a  nature  that  unless  a  total  closure 
he  effected  the  overflow  over  a  low-water  dam  will  ultimately  scour  out 
«nch  a  hole  below  as  to  completely  destroy  the  latter  structure. 

With  the  appropriation  asked  for  for  1882  it  is  intended  to  keep  the 
'^ft  region  clear  of  jams,  and  strengthen  and  keep  up  the  eaithen  dike. 

COMMERCIAL  STATISTICS. 

^ireveport  is  the  principal  distrihnting  citv  for  Red  River,  and  from  Sentember  1, 
1^9,  to  June  24,  1S80,  reeeived  a  total  of  93,580  bales  of  cotton,  10,:W0  of  which  were 
"^^eived  by  river  from  above  Shreveport,  71,514  by  wagon,  and  11,706  by  rail.  Of 
J^^ia  anioant  92,444  bales  have  been  shipped,  58,886  going  by  rail  to  the  various  mar- 
■^«t«  and  33,558  by  river.  In  addition  to  this,  15,^8  bales  of  through  cotton  were 
'^ceivecl  and  forwai-ded,  11,288  by  rail  and  4,090  by  steamboat. 

.The  number  of  landings  made  at  Shreveport  by  .steamboat  during  this  time  is  189, 
^jjs :  from  above  the  raft,  51;  from  the  lower  coast,  6:^;  from  Jefferson,  Tex.,  3,  and  from 
-^*^w  Orleans,  72.  The  New  Orleans  boats  will  carry  on  an  average  1,200  tons  each,  and 
^te  others  about  600  tons  each. 

Tbe  value  of  imports  during  the  same  time  amounts  to  $12,679,000. 

The  above  works  are  situated  in  the  third  collection  district  of  Louisiana.     The 
*^*^^reat  port  of  entry  is  New  Orleans. 

The  original  detailed  estimate  for  the  removal  of  the  raft  (see  my 

^^port  for  liscal  year  ending  June  30,  1876,  also  previous  reports  of 

Captain  Howell)  was  $259,014,  with  additional  items  for. keeping  open 

tbe  channel  for  liscal  year,  $50,000 ;  and  for  subsequent  years  it  was 

estimated  that  from  $10,000  to  $25,000  would  be  required. 

The  former  appropriations  are  as  follows : 

By  act  approveclJune  10,  1072 |150,000 

By  act  approved  March  3, 1873 :..  80,000 

By  act  approve<lJune  23,  1874 60,000 

By  act  approved  March  3,  1875 *. 20,000 

By  act  approved  August  14, 1866,  for  removing  raft  and  closing  Toners  Bayou.  35, 000 

By  allotment  August  27,  1877,  for  closing  Tones  Bayou 4, 500 

By  act  approved  February  7,  1878,  for  removing  ral't 6, 000 

By  act  approve<l  June  18, 1878,  for  removing  ran;  and  closing  Toners  Bayou..  24, 000 

By  act  approve<l  March  3,  1879,  for  removing  raft  and  closing  Tone's  Bayou.  15, 000 

By  act  approved  June  14,  1880,  for  removing  raft  and  closing  Tone's  Bayou.  25, 000 
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Money  statement. 

July  1,  1879,  amount  available $13, 407  Gl 

Amount  ai>pioiiriated  by  act  ax>prove(l  June  14,  1^0 25, 000  00 

$38,40: 

July  1,  1680,  amount  expended  during  fiscal  year 11,77S 

July  1,  1880,  amount  available «. 26,634 

Amount  that  can  be  profitably-  expended  in  fiscal  year  ending  June  30,  1882: 

For  closing  Tone's  Bayou $20,000  00 

For  removing  raft  in  Red  River 10,000  00 

30,001 


O   2. 

IMPROVEMENT  OF  CYPRESS  BAYOU,  TEXAS  AND  LOUISIANA. 

Ill  August  last  a  working  party  was  organized,  and  George  Alban 
experienced  pilot,  placed  in  charge.  The  party  continued  at  work  c 
the  end  of  September,  working  from  Bois  d'Arc  Pass  through  the  U 
to  Cross  Bayou.  They  cut  and  removed  from  the  channel  2,102  stu 
and  snags,  326  overhanging  trees  were  cut  down  and  removed,  an( 
posts  put  up  with  painted  sign-boards  securely  nailed  to  them  to  dc 
nate  the  route  across  the  lakes.  This  finished  the  first  project  to 
prove  the  high-water  channel. 

Up  to  last  year  seven  important  cut-off's  have  been  made,  viz:  1, 
tato  Bend;  2,  Little  Cypress;  3,  Middle  Cypress;  4,  Sisco  Island 
Upper  Benton ;  6,  Lower  Benton  ;  7,  Bois  d'Arc  Pass.  These  cut 
and  cut-roads  across  the  lakes  have  reduced  the  distance  from  Shr 
port  to  Jefferson  from  96  to  65  miles.  For  this  work  the  government 
propriatcd  $94,000,  a  small  balance  of  which  still  remains,  also  a  dre 
boat,  the  Lone  Star,  constructed  for  the  work,  valued  at  $20,000. 
dredgeboat  is  now  engaged  at  the  mouth  of  Red  Eiver  to  keep  the  c 
nel  open  during  low-water. 

Had  the  condition  of  commerce  and  navigation  remained  the  sain 
in  1870  the  work  done  would  have  been  very  valuable,  for  at  that  1 
Jefferson,  and  for  300  miles  around,  was  entirely  dependent  upon  r 
gation  for  obtaining  their  supplies  and  shipping  their  produce  to  mai 
New  Orleans  being  the  principal  market  city.  Navigation,  across 
lakes  was  open  from  six  to  nine  months  in  the  year,  but  the  channel 
difficult  and  dangerous,  and,  in  order  to  improve  their  only  transpc 
tion  route,  Jefferson  expended  over  $70,000.  When  navigation 
open  flour  could  be  obtained  in  the  city  from  $10  to  $12  i>er  bar 
when  closed  it  sometimes  rose  as  high  as  $2.1,  and  other  produce  in 
portion. 

Since  the  conmiencement  of  the  work  of  improving  the  bayou. 
River  Raft  has  been  removed,  adding  over  500  miles  of  navigable  w 
to  the  river,  but  this  has  been  gained  by  injuring  the  water  rout 
Jefferson,  for  navigation  across  the  lakes  and  through  Cypress  Ba 
depends  entirely  upon  the  backwater  from  Red  River  running  thro 
the  numerous  bayous  into  the  lakes.  This  water  was  forced  througl 
the  rait,  but  since  its  removal  the  water  runs  swiftly  off.  The  chai 
in  Red  River  is  gradually  scouring  deeper,  and  the  bayous  into  the  h 
filling  up ;  this  has  already  greatly  reduced  the  navigable  season, 
in  a  few  years  it  may  be  entirely  suspended. 

This  would  have  been  a  serious  check  to  the  prosperity  of  Easi 
Texas  in  1870,  which  had  to  depend  upon  the  steamboats  to  shij 
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prodace  and  obtain  its  supplies,  bat  since  that  date  Saint  Louis  has 
constructed  a  railroad  running  through  Jefferson,  and  now  over  three- 
fourths  of  the  business  is  done  by  rail  to  Saint  Louis. 

To  show  how  business  has  been  changed  by  the  Saint  Louis  Eailroad, 
I  give  cotton  statistics  of  Saint  Louis  for  the  last  ten  years : 


1871-72 
1872-73, 


Years. 


BaUt. 
18, 518 
20,270 
36, 421 
59,700 

1873-74 103,741 

1874-75 133,966 


187^-76 
1876-77 
1877-78 
1878-79 
1879-'80 


Balet. 
245,200 


266,314 
331,000 
470,000 


Before  the  Saint  Louis  Railroad  was  constructed  the  principal  part 
of  this  cotton  was  shipped  by  steamboat  down  Cypress  Bayou,  Red, 
Ouachita,  and  Arkansas  rivers  to  New  Orleans. 

Xew  Orleans,  in  order  to  regain  a  portion  of  the  trade  lost,  is  now  con- 
structing a  railroad  into  Eastern  Texa.s,  so  that  with  two  competing 
^^ilroads  the  navigation  across  the  lakes  to  Jefferson  can  never  have 
^ubat  importance  it  had  in  1870,  although  it  will  still  remain  valuable  in 
-^*wisting  to  develop  the  resources  of  the  country. 

Should  any  further  work  be  done  for  the  improvement  of  navigation 

would  require  to  be  by  extensive  works  such  as  recommended  by 

[ajor  Howell,  this  project  being  to  construct  a  dam  across  the  lake  at 

ilbauy  Point  and  make  a  cut  through  to  Red  River,  the  estimated  cost 

'k^^ing  $372,580. 

This  would  give  Jefferson  navigable  water  nearly  all  the  year  round, 
id  would  greatly  benefit  Red  River  above  and  below  Shreveport  By 
placing  a  dam  across  the  lakes  they  would  act  as  large  reservoirs,  draw- 
and  retaining  the  water  at  a  high  stage,  thus  greatly  relieving  the 
lands  below  Shreveport  from  overflow  and  by  running  slowly  off 
^^Iroagh  the  cut  road  retain  the  river  at  a  medium  stage  much  longer 
"Cilan  at  present. 

Should  the  work  once  be  begun  it  would  have  to  be  pushed  vigor- 
ously forward,  for  the  dam  could  not  be  constructed  before  the  outlet 
ras  made  into  Red  River,  and  in  making  the  cut  road  the  material  re- 
moved  would  be  required  for  the  construction  of  the  dam. 

If  the  work  be  begun  the  amount  of  money  required  should  be  made 
available  in  one  appropriation  for  the  successful  execution  of  the  work* 
The  former  appropriations  are  as  follows : 

By  act  approved  Jane  10,  1872 $10,000 

ByMiapprovedMarcb3, 1873 50,000 

By  act  approved  August  14,  1876 13,000 

By  act  approved  June  18, 1878 15,000 

By  act  approved  March  3,  1879 6.000 

<^XiaRCIAL  STATISTICS  FOR  THE  CITT  OF  JEFFSRSON  FOB  TES  TXAB  ENDIXQ  JUNK 

30,1880. 

Sale  of  groceries $1,315,000 

Sale  of  dry  goods 1,261,000 

5^e  of  clothing 166,000 

oaleofdniM,  medicines,  &c 271,000 

Sale  of  hard  ware,  farming  utensils,  &c 417,000 

Amount  of  banking  capital 200,00l>- 

Number  of  cotton  bales  received,  69,317 ;  population,  3,400. 

SI  B 
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For  collection  district  and  port  of  entry  see  report  on  removal  of  raft  I 
in  Eed  River  and  closing  Tone's  Bayou,  Louisiana. 

Money  statement 

July  1, 1879,  amoQDt  available $7,173  71 

July  1,  1880,  amouut  expended  during  fiscal  year 2, 824  €^ 

July  l,1880,amount  available 4,349  CM 


O  3. 

IMPROVEMENT  OF  MOUTH  OF  RED  RIVER,  LOUISIANA— TEMPORARY  IM-^ 

PROVEMENT. 

In  order  to  keep  open  a  channel  through  the  outer  and  inner  bars  dur- 
ing the  season  of  low-water,  the  United  States  dredgeboat  Lone  Star, 
which  had  been  used  in  the  improvement  of  Cypress  Bayou,  was  towed 
from  Jefferson,  Tex.,  to  the  mouth  of  Red  River,  Louisiana,  by  the 
steamer  T.  B.  Florence,  arriving  there  June  20, 1879.  So  soon  as  the 
water  fell  to  a  suitable  depth  dredging  through  the  bars  commenced,  and 
continued  from  July  3  to  November  28,  when  the  Mississippi  River  com- 
menced rising,  giving  a  good  navigable  channel,  and  operations  were 
suspended. 

During  the  time  the  dredgeboat  was  at  work  the  amount  excavated 
through  the  bars  was  as  follows : 

Cubic  yxdB. 

August 15, 646 

September 14,410 

October 16,23» 

November 11,509 

Total 57,803 

The  low-water  season  of  last  year  was  the  lowest  on  record,  with  the 
exception  of  1872.  Considerable  difficulty  was  met  with  on  the  work, 
but  every  exertion  was  made  to  keep  this  important  channel  open.  Had 
the  dredgeboat  been  supplied  with  self-propelling  machinery,  no  diffi- 
culty would  have  been  expcFienced  in  keeping  the  channel  open.  The 
distance  from  the  outer  bar  to  the  inner  obstruction  at  the  gut  was,  how- 
ever, too  great  for  the  dredge  to  be  moved  quickly  from  one  position  to 
the  other  as  the  places  filled  up. 

In  January,  1880,  the  dredge  was  taken  to  Shreveport,  and  returned 
to  the  mouth  of  the  river  in  June. 

So  soon  as  the  water  falls  sufficiently  to  admit  of  operations,  2  tugs 
and  a  steamer  will  be  employed  in  keeping  the  channel  open. 

COMMERCIAL  STATISTICS. 

All  the  cotton  and  freij^lit  tran8])Oi"ted  to  and  from  New  Orleans,  as  shown  by  the 
reports  for  removing  raft  in  Red  River,  improving  Oua«bita  River,  Arkansas  and  Lou- 
isiana, and  removing  obstructions  from  Red  River,  Louisiana,  passed  out  through  the, 
mouth  of  Red  River.  A  large  amount  of  sugar,  molasses,  cattle,  Ac,  was  also  brought 
out  by  the  Opelousas  and  Atchafalaya  boats,  to  which  should  be  added  a  pixiportion- 
ate  amount  of  return  freight. 

The  trade  of  the  Red  River  and  its  tributaries  with  New  Orleans,  i>a.ssing  through 
the  mouth  of  Red  River,  is  estimated  at  ^0,000,000. 

The  jiort  of  entry  is  New  Orleans. 
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Entranctn  and  clearances  at  port  of  New  Orleans^  La.  ^  from  July  1, 1879,  to  June  30,  1880, 

and  tonnage  of  same. 


Ko.     I  Tonnage. 


St*»in  veM»*l8  entered j        451 

Sailing  vessels  entered  I        725 


795. 450 
402, 979 


Total 


SUamreMcls  cleared. 
Sailing  TeMelH  cleared 


Total 


1.17a 

1,198,429 

575 
722 

819.  915 
a97. 450 

1,297 

1,217,371 

STATEMENT  OF    COMMODITIES    IMPORTED    AND    EXPORTED^    PORT    OF     NEW    ORLEANS 

FROM   JULY   1,  1879,   TO  JUNE  30,  1880. 

Imports: 

Specie $230,901  00 

Free  commodities 4,625,590  00 

Dutiable • 5,723,419  00 


Total  imports 10,579,916  00 


Exports : 

Domestic  commodities - 9,238,757  00 

Foreign 176,443  00 

Total  exports , 9,415,200  00 


Total  amoiiht  collected  on  imports  from  July  1,  1879,  to  Jime  30, 1880,  $2,080,598.57. 

The  former  appropriations  are  as  follows : 

By  act  approv*ed  June  18,  1878 $150,000 

By  act  approved  March  3, 1879 40,000 

Money  statement 

July  1, 1879,  amount  available $173,725  94 

July  1, 1880,  amount  expended  during  fiscal  year 12,845  94 

•  Jaly  1, 1880,  amount  available 160,880  00 


letter  of  the  secretaky  of  war. 

War  Department, 
Washington  City^  May  3,  1880. 

The  Secretary  of  War  has  the  honor  to  transmit  to  the  United  States 
Senate,  in  connection  with  his  letter  of  the  18th  nltimo,  forwarding  re- 
port of  Maj.  W.  H.  H.  Benyaiird,  Cori)s  of  Engineers,  upon  a  survey 
and  proposed  improvement  of  the  mouth  of  Red  River,  Louisiana  (printed 
in  Ex.  Doc.  126,  Senate.  Forty-sixth  Congress,  second  session,  copy  here- 
with), a  communication  from  the  Chief  of  Engineers,  dated  the  28tli 
altimo,  submitting  a  copy  of  report  of  the  Board  of  Engineers  for  Forti- 
fications and  for  River  and  Harbor  Improvements,  to  whom  Major  Ben- 
yaurd's  letter  was  referred,  in  further  elucidation  of  the  subject. 

The  suggestion  of  tlie  Chief  of  Engineers,  that  the  unexpended  bal- 
ances of  the  appropriations  of  June  18, 1878,  and  March  3,  1879,  amount- 
ing to  about  $155,000,  be  api)lied  to  the  improvement  of  the  mouth  of 
iM  River,  in  dredging,  &c.,  has  been  approved  by  this  department. 

Alex.  Ramsey, 

tSecretary  of  War. 
Tbe  Pbeswent  of  f/ie  rnifed  States  Senate. 
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letter  of  the  chief  of  engineers. 

Office  of  the  Chief  of  Engineers, 

United  States  Army, 
WaMngton  I).  C,  April  28,  1880. 

Sir:  Referring  to  my  letter  of  March  17,  1880,  submitting  the  reiwrt 
of  Maj.  W.  H.  H.  Benyaurd,  Corps  of  Engineers,  upon  a  survey  and 
proposed  iaiprovement  of  the  mouth  of  Red  River,  Louisiana  (priuted 
as  Ex.  Doc.  126,  Senate,  Forty-sixth  Congress,  second  session,  copy  here- 
with), it  will  be  seen  that  the  plan  recommended  by  that  officer  for  per- 
manent improvement  was — 

To  close  the  mouth  of  Old  River,  between  the  Atchafalaya  and  the  Mississippi,  aod 
by  locks  on  the  Plaquemine,  to  make  that  the  route  to  Red  River,  via  Grand  River 
and  the  Atchafalaya,  leaving?  the  mouth  of  Red  River  out  of  the  proposed  improve- 
ment, except  the  work  of  building  a  dam  across  Old  River. 

It  was,  as  may  also  be  seen,  then  stated  that — 

The  whole  subject  of  the  feasibility  of  this  route  and  of  its  sufficiency  and  adapta- 
bility as  a  permanent  channel  of  communication  between  the  Mississippi  and  Red 
rivers  will  be  referred  to  a  Board  of  Engineer  Otficers  for  opinion  thereon  before  de- 
ciding upon  the  further  application  of  the  appropriations  of  June  18,  1878,  and  March 
3,  1879,  of  which  there  remains  an  unexpended  balance  at  this  time  of  about  $155,000. 

I  have  the  honor  accordingly  now  to  submit  the  inclosed  copy  of  the 
report  of  the  Board  of  Engineers  for  Fortifications  and  for  River  and  Har- 
bor Improvements,  &c.,  to  whom  Major  Benyaurd's  report  was  referred, 
and  to  respectfully  suggest  that  it  be  submitted  to  Congress  in  further 
elucidation  of  the  subject  in  hand. 

The  Board,  as  will  be  perceived,  does  not  recommend  Major  Ben- 
yaurd's  plan,  for  reasons  which,  in  my  judgment,  are  satis&ctory,  and  ii^ 
which  I  concur.    I  beg,  therefore,  to  suggest  that  the  funds  now  avaih^— 
ble  be  applied  to  the  improvement  of  the  mouth  of  Bled  River  by  dredg^ 
ing,  and  to  the  measurements,  &c.,  recommended  by  the  Board  of 
iieers. 

Very  respectfully,  your  obedient  servant, 

H.  G.  Wbight, 
ChUf  of  Engineers^ 
Brig,  and  Bvt.  Maj.  Oen. 
Hon.  Alexander  Ramsey, 

Secretary  of  War. 


bepobt  op  the  board  op  enginebbs. 

Opfioe  op  Board  op  Engineers  por  Fortipioations 

AND  FOR  River  and  Harbor  Improvements,  &c., 

New  Tark^  April  20, 1880 

General  :  By  your  letter  of  March  17, 1880^  the  subject  of  the  ii  i 
provement  of  the  mouth  of  the  Red  River,  Louisiana,  appropriations  i 
which  w^e  made  by  acts  of  Congress  approved  June  18, 1878,  and  MaJEzi— re 
3,  1879,  was  referred  to  this  Board  for  an  expression  of  opinion  there — -^^ 
Accompanying  the  letter  was  the  report  of  the  engineer  in  charge  of  — ^be 
work,  Maj.  W.  H.  H.  Benyaurd,  Corps  of  Engineers,  dated  February  ^ 
1880. 

Prior  to  the  date  of  the  first  of  these  appropriations  no  special  sct^^ioa 
had  been  taken  by  the  United  States  Government  in  this  matter,  hat  it 
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had  long  engaged  the  attention  of  the  Board  of  State  EDgineers  of  Louisl- 
aD»-  It  has  been  noticed,  and  ooeasionally  discassed,  in  the  annaal 
reports  of  that  body^  and  considerable  sums  have  been  expended  by  the 
Btdte  in  works  designed  to  improve  the  navigation  in  Old  Biver,  where 
the  principal  difficulty  is  encountered. 

Major  Benyaurd's  report  so  well  explains  the  topographical  features 
af  the  locality,  and  so  clearly  states  the  results  of  his  own  surveys,  con- 
ducted to  throw  light  upon  the  complicated  hydraulic  conditions  affect- 
ing the  problem,  that  no  recapitulation  is  required.  Some  additional 
facts  drawn  from  other  sources,  and  certain  collateral  questions  not  dis- 
(^aased  by  him,  merit  attention  before  proceeding  to  consider  his  plans 
of  improvement. 

JLdopting  the  mean  level  of  the  Gulf  of  Mexico  as  the  plane  of  refer- 
ence, the  elevation  of  the  high-water  surface  of  the  Mississippi  at  Red 
Hiver  Landing  is  49.5  feet,  and  of  the  low-water  surface  only  5.2  feet. 
At  Plaquemine  these  quantities  are  30.6  feet  and  1.9  feet,  respectively; 
and  at  Indian  Village,  only  8.5  miles  below,  on  Bayou  Plaquemine,  they 
were  10.4  feet,  and  about  1.5  feet  before  its  closure  in  1865.    At  Butte  la 
Rose,  where  the  Atchafalaya  changes  its  name  to  Grand  Biver,  they  are 
8.8  feet  and  2.2  feet.    At  the  mou&  of  Black  Eiver,  30  miles  above  the 
proper  mouth  of  lied  Biver,  the}^  are  about  54  feet  and  9  feet.    At  the 
upper  mouth  of  the  Atchafalaya,  6.5  miles  from  Bed  Biver  Landing,  the 
high  and  low  water  level  is  somewhat  variable  in  different  years,  even 
wheu  the  total  volume  passing  southward  is  the  same,  being  dependent 
upon  the  relative  conditions  of  the  Mississippi  and  Bed  rivers ;  but  the 
average  values  differ  but  little  from  those  at  Bed  Biver  Landing,  say  49 
feet  and  5  feet. 

Speaking  generally,  these  figures  indicate  that  when  the  Mississippi 

is  at  itB  lowest  stage  the  level  of  the  Gulf  practically  extends  to  the 

.  mouth  proper  of  Bed  Biver,  and  that  when  it  rises  to  its  flood  stage,  50 

feet  above  this  plane  at  Bed  Biver  Landing,  a  vast  swamp  basin,  ex- 

tendiHg  southward  l^om  Butte  la  Bose  and  conneeting  ivith  the  Gulf, 

eiiats  on  its  right  bank  and  at  the  nearest  point  at  no  great  distance 

fixnn  its  channel ;  also,  that  this  basin  is  so  well  drained  by  the  net- work 

of  bayous  leading  to  Grand  Lake,  and  thence  through  Berwick's  Bay  h> 

*the  Gulf,  that  the  water  never  rises  upon  an  average  more  than  6  or  8 

feet,  even  when  the  Atchafalaya  is  in  full  flood,  and  when  the  immense 

Miasissippi  crevasses,  which  always  occur  at  such  seasons,  are  disoharg- 

ing  lai^e  volumes  of  water  into  this  region,  already  filled  by  local  rains. 

The  Atchafalaya  and  La  Fourche  at  present,  and  the  Plaquemine  before 

ite  closure  in  1865  as  well,  are,  therefore,  to  be  regarded  as  waste- weirs, 

which  carry  off  a  part  of  the  surplus  flood  volume  of  the  Mississippi,  and 

thos  lend  to  protect  the  whole  region  bordering  that  river  for  a  distance 

of  300  miles  above  the  passes.    These  facts  render  it  clear  that  before 

any  project  contemplating  the  closure  of  the  Atchafalaya,  as  an  outlet  of 

the  Mississippi  can  be  even  entertained  a  close  study  of  its  hydraulic 

fhnctions  must  be  made. 

Perhaps  the  earliest  map  extant  showing  the  efflux  of  the  Atchafalaya 
is  that  made  in  1578  by  the  monk  Ptolemy,  a  member  ot  De  Soto's  ex- 
pedition. Then,  as  now,  the  stream  8erve<l  as  a  waste- weir  of  the  Mis- 
sissippi, and  succeeding  ma]>s  show  that  no  material  change  occurred 
before  1831,  when  8hreve  made  his  cut-off,  which  entailed  the  difficulties 
now  so  serious.  The  fact  that  its  lower  course  was  choked  more  or  less 
by  drift-logs  until  183y-'40,  when  they  were  removed  by  the  State,  has 
no  important  bearing  upon  its  value  as  an  outlet,  because  the  flood- water 
spread  from  the  channel  proper  freely  oat\vard  through  swamp-drains 


I, 
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aDd  over  the  banks,  and  thns  reached  the  great  basin  level  without 
seriously  checking  the  current  entering  at  the  upper  mouth.  The  di- 
mensions of  this  mouth  seem  to  be  gradually  enlarging,  both  by  widen- 
ing and  deepening.  Thus  the  effective  high-water  area  of  cross-section 
at  this  point  in  1851  was  24,000  square  feet,  with  a  width  of  730  feet;  in 
1859,  29,000  square  feet,  with  a  width  of  830  feet;  and  by  Major  Ben- 
yaurd's  survey  it  now  (l^'^^)  appears  to  be  about  45,000  square  tWt,  with 
a  width  of  940  feet.  The  bed  in  this  vicinity  is  of  hard  clay,  which 
doubtless  explains  the  reason  why  the  change  is  so  gradual,  for  the  cur- 
rent is  strong  at  the  flood-stage — about  4  feet  \>er  second. 

During  the  flood  of  1858  the  volume  which  entered  the  Atchafalaya 
was  about  120,000  cubic  feet  per  second,  and  at  the  same  level  it  would 
now  probably  be  not  less  than  180,000  cubic  feet.  The  maximum  dis- 
charge which  has  ever  passed  Bed  Biver  Landing  in  the  channel  of  the 
Mississippi  (inundating  the  lower  country  by  dSsastrous  crevasses)  is 
about  1,250,000  cubic  feet  per  second,  and  the  commission  of  engineers 
appointed  in  1874  to  investigate  and  report  a  plan  for  the  reclamation 
of  the  alluvial  region  reported  that  provision  must  be  made  for  about 
1,400,000  cubic  feet  when  the  levees  above  are  perfected. 

In  the  great  flood  of  1851  Bed  Biver  discharged  220,000  cubic  feet  per 
second  when  standing  at  Alexandria  1.1  foot  below  the  highest  point 
attained  in  1849.  These  facts  and  figures  should  be  borne  in  mind  when 
considering  Major  Benyaurd's  projects  for  the  improvement  of  low- water 
navigation,  for,  although  the  latter  object  is  of  great  importance,  it  is 
entirely  secondary  to  the  safety  of  the  lower  country  against  inundation. 

Three  flood  combinations  may  occur  at  the  mouth  of  Bed  Biver  to  en- 
danger the  lower  country.  (1.)  The  Mississippi  may  be  at  a  dangerous 
height  when  Bed  Biver  is  low.  (2.)  Bed  Bed  may  be  very  high  when 
the  Mississippi  is  bank  full.  (3.)  Both  rivers  may  have  a  coincidence  in 
great  floods. 

Fortunately  the  first  combination  is  most  common,  and  in  that  case 
the  Atchafalaya  now  performs  the  duty  of  an  efficient  outlet,  and  to  that 
extent  relieves  the  lower  country.  In  the  second  case  the  Atchafalaya 
carries  its  full  volume  of  Bed  Biver  water,  and  any  excess  discharges 
into  the  Mississippi  and  passes  ofif  without  seriously  endangering  either 
the  Atchafalaya  Valley  or  the  plantations  on  the  Mississippi.  In  the 
third  case  the  volume  to  be  carried  ofif  exceeds  the  discharging  capacity 
of  boUi  channels,  but  nature  divides  Uie  overflow  between  the  Atcha- 
falaya and  Mississippi  in  an  equitable  manner,  which  leaves  no  just 
ground  of  complaint  between  the  respective  proprietors  of  the  land  sab- 
merged. 

Maior  Benyaurd's  first  plan  is  to  separate  the  Bed  Biver  and  Atcha- 
falaya by  a  low-water  dam,  thus  forcing  the  former  to  flow  into  the 
Mississippi  through  Upper  Old  Biver  and  a  cut  to  be  artificially  prepared. 
This  would  not  afitect  the  first  flood  combination,  but  neither  the  second  nor 
the  third  would  be  as  favorable  as  at  present,  because  the  increased  dis- 
charge might  interfere  with  the  local  slope  of  the  surface  of  the  Mississippi 
at  BhI  Biver  Landing,  and  thus  might  raise  the  level  anomalously  from  1 
to  2  feet,  as  actually  occurred  in  1851  (see  Physics  and  Hydraulics  of  the 
Mississippi,  p.  385).  There  are  other  objectionable  features  in  this  plan. 
The  fall  between  the  mouth  of  Black  Biver  and  that  of  Bed  Biver  proper 
in  both  flood  and  low-water  stages  is  4  feet  in  30  miles,  or  at  a  rate  of 
0.14  foot  per  mile.  By  adding  the  5.5  miles  to  the  length  of  the  stream, 
contemplated  by  this  plan,  the  flood  surface  of  Bed  Biver  must  be  raised 
and  the  low- water  slope  sensibly  diminished.  The  latter  would  aggra- 
vate the  tendency  to  form  troublesome  bars  in  the  new  mouth,  which 
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formerly  existed  in  the  old  month  proper.  This  plan  has  been  tavored 
by  the  Board  of  State  Engineers  of 'Louisiana,  but,  in  view  of  its  un- 
certain efficacy  and  certain  defects,  we  agree  with  Major  Benyaurd  in 
QOt  recommending  it. 

Another  plan  submitted  by  Major  Benyaurd,  and,  indeed,  recom- 
m^ded  by  him  for  adoption,  consists  in  closing  both  mouths  of  Old 
Biver,  thus  permanently  separating  the  Mississippi  from  Ked  Kiver  and 
the  Atchafalaya,  which  are  hereafter  to  constitute  a  single  stream.  Nav- 
igation between  the  Red  River  country  and  New  Orleans  is  to  be  secured 
at  all  stages  by  the  canalization  of  old  Bayou  Plaquemine,  thus  opening 
a  new  route  through  Grand  and  Atchafalaya  rivers. 

When  this  project  is  brought  to  t^e  test  aftbrded  by  the  possible  flood 
combinations  of  the  three  rivers^  it  is  at  once  seen  to  be  inadmissible. 
In  the  first  and  most  common  case,  the  Atchafalaya  might  be  at  a  low- 
water  stage  while  the  Mississippi  plantations  were  suffering  ruin  from 
crevasse  water  that  would  now  escape  by  the  channel  of  the  former  with- 
out injary  to  any  one.  In  the  second  case,  the  Atchafalaya  country 
night  be  inundated  by  a  Red  River  flood,  the  surplus  water  of  which 
would  now  pass  down  the  Mississippi  without  damage.  In  the  third  case, 
claims  for  damages  might  justly  be  brought  by  the  land  proprietors  who 
had  suffered  in  consequence  of  the  arbitrary  partition  of  the  surplus 
Tolnme.  In  the  judgment  of  the  Board  this  plan,  or  any  other  which 
looks  to  the  closing  of  the  Atchafalaya  as  a  high- water  outlet,  should 
ne?er  be  entertain^. 

A  modification  of  this  plan,  suggested  by  Major  Benyaurd,  is  free 
from  this  objectionable  feature.  Matters  are  to  be  left  to  nature  where 
the  three  rivers  come  together ;  but  the  Plaquemine  canal  is  to  be  con- 
structed for  use  at  low  stages,  when  the  open  mouth  of  Old  River  be- 
comes unnavigable.  At  high-water  stages  the  present  route  is  to  be 
used. 

Tliis  plan  merits  careful  study.    Assuming  that  at  low  stages  the 
Atchafalaya  now  affords  in  the  lower  part  of  its  course  as  good  naviga- 
tion as  Red  River — a  point  not  discussed  by  Major  Benyaurd,  and  con- 
cerning which  the  Board  has  only  the  information  contained  in  the 
report  of  Major  Howell,  Corps  of  Engineers,  forming  Appendix  R  14 
to  the  Report  of  the  Chief  of  Engineers,  for  the  year  ending  June  30, 
187i-.hi8  surveys  show  a  water-route  to  connect  it  with  the  Plaquemine, 
which  could  be  made  good  at  a  moderate  outlay.    Indeed  the  only  diffi- 
cult features  of  the  project  are  the  construction  of  the  locks  at  Pla- 
quemine to  withstand  the  considerable  oscillation  of  the  Mississippi  (at 
least  30  feet  should  be  provided  for)  and  the  protection  of  Plaquemine 
bend  against  caving,  which  now  appears  to  be  serious.    In  this  connec- 
tion  the  following  from  the  report  of  the  Board  of  State  Engineers  of 
Louisiana  for  1876,  is  quoted : 

It  may  be  weU  to  state  here  that  a  mo«t  damagiiig  cave  took  place  in  the  town  of 
PlaqDemine  on  the  23d  of  thiH  month.  The  cave  occurred  in  the  evening,  and  carried 
Away  about  12  buildings,  fenceSf  dec,  and  a  front  through  the  uiain  portion  of  the 
town  of  about  1,400  feet,  and  in  horizontal  depth  about  140  feet.  We  nave  locat«4l  a 
tevw*  behind  this  cave  and  along  Bank  street,  and  were  obliged  to  throw  out  about  50 
boild&gs  in  order  to  secure  any  permanency  to  the  levee. 

M%jor  Benyaurd's  estimate  of  the  cost  for  this  plan  is  $457,264.66, 
which  is  thought  by  this  Board  to  be  much  below  what  the  actual  con- 
dtmction  would  involve. 

Another  project  presented  by  Major  Benyaurd  is  to  leave  the  water- 
coarses  as  they  are  at  present,  and  to  depend  upon  local  dredging  to 
maintain  low-water  navigation  through  Lower  Old  River.    T^e  ^W- 
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mated  cost,  for  a  single  season  of  forking  the  two  dredges  needed 
only  from  $10,000  to  $15,000. 

The  gradual  increase  in  cross-section  of  the  efflux  of  the  Atchafah 
suggests  a  tendency  to  an  increased  flow  through  this  channel  at  1( 
water  stages,  which  may  naturally  improve  the  depth  in  Old  Riv«»,  s 
thus  modify  the  conditions  of  the  problem  as  now  presented.  Exp 
ments  heretofore  made  in  this  vicinity  in  the  interests  of  navigat 
(Shreve's  Cut-off  in  1831,  and  Eaccourci  Cutoff  in  1848)  have  resul 
disastrously,  and  indeed  the  hydraulic  conditions  are  so  complex  tba 
is  not  easy  to  predict  in  advance  what  will  be  the  permanent  effeo 
any  artificial  work. 

For  these  reasons  the  Board  recommend  that  tbe  funds  now  avaiila 
be  expended  in  dredging  according  to  Major  Benyaurd's  project;  i 
that  carefiil  measurements  be  made,  and  frequently  repeated,  for  aboi 
miles  down  the  efflux  of  the  Atchafsdaya  and  in  Lower  Old  River.  ' 
plan  should  be  tried  with  a  competent  force  and  sufficient  yearly  expc 
iture  to  make  a  thorough  and  conclusive  test.  Information  will  thm 
secured  which  will  affonl  hereafter  better  grounds  for  deciding  ujKin 
necessity  of  more  costly  plans  of  operations  than  any  now  available. 

Respectfully  submitted. 

Z.  B.  TOWEB, 

Colonel  of  Engineers j  Brevet  Major- Genera 

John  Newton, 
Colonel  of  Engineers j  Brevet  Major- Oenerc 

Henry  L.  Abbot, 
Major  of  Engineers^  Brevet  Brigadier-Oener^ 

Brig.  Gen.  H.  G.  Wright, 

Chief  of  Engineers,  U.  8,  A. 


report  of  major  w.  h.  h.  benyaurd,  corps  op  sngineebl 

United  States  Engineer  Office, 

Meif^hiSj  Tenn.j  February  12,  188 

General  :  I  have  the  honor  to  present  the  following  report  upon 
improvement  of  the  mouth  of  Red  River,  Louisiana,  appropriations 
which  were  made  by  acts  of  Congress  approved  June  18,  1878, 
March  3,  1879. 

Up  t/O  the  time  of  the  first  appropriation  no  survey  of  the  locality 
ever  been  undertaken  by  the  department,  or  by  the  direction  of  Congi 
looking  to  the  assumption  by  the  government  of  the  worii  of  impr 
ment  heretofore  carried  on  by  the  State  of  Louisiana,  and  tbe  estim: 
then  presented  were  based  upon  the  reports  and  plans  made  under 
direction  of  the  Board  of  Statue  Engineers.  This  body  had  had  tbe  i 
ter  under  consideration  for  many  years,  and  while  numerous  plans 
estimates  had  been  presented,  no  work  except  of  a  minor  character 
ever  been  attempted.  In  1874,  E.  H.  Angemar,  assistant  State  e 
neer,  presented  to  the  State  Boaitl  a  plan  (though  without  estimat 
which  was  approved  "as  by  far  the  cheai>est  and  simplest  plan,"  an 
was  upon  this  that  the  estimates  presented  to  Congress  were  based, 
plan  seemed  perfectly  feasible  and  practicable.  Essentially  it  wa 
build  a  low-water  dam  from  Turnbull's  Island  to  the  main  land  bet\^ 
the  old  mouth  of  Red  River  and  the  Atchafalaya,  and  to  turn  Red  R 
down  the  upper  channel  above  Turnbull's  Island. 

Upon  the  work  being  assigned  me,  I  directed  a  survey  to  be  no 
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of  the  entire  locality,  embracing  the  old  month  of  Red  River,  the  npper 
and  lower  channels  around  Turnbull'i^  Island,  the  head  of  the  Atchafalaya,. 
and  the  mouth  of  Old  River,  and  the  Mississippi  in  the  vicinity,  with  a 
Tiew  of  gaining  all  possible  information  covering  the  actual  condition 
of  affairs  and  the  best  method  of  carrying  out  the  work  of  improvement. 

The  survey  upon  which  the  maps  and  drawings  herewith  presented 
aie  based  was  commenced  in  July  following  the  announcement  of  the 
appropriation.  High-water  for  a  while  interfered  with  the  work,  and 
afterwards  the  yellow  fever  prevailing  at  Red  River  Lauding  and  vicinity 
caused  me  to  withdraw  the  party  from  the  Held  and  abandon  the  survey 
until  a  more  favorable  season.  It  was  recommenced  in  December  and 
finidied  the  following  February  (1879).  The  parties  were  brought  to 
the  office  and  the  drawings  and  plans  worked  up  from  the  notes.  The 
results  showed  that  many  changes  had  taken  place  since  1874,  and  that 
the  conditions  were  very  unfavorable  for  carrying  into  successful  execu- 
tioD  the  above-mention^  plan.  The  vast  interests^at  stake,  in volving^ 
the  commerce  of  the  Red,  Black,  Ouachita,  Atchafalaya,  and  their  trib- 
utaries, demanded  that  other  routes  possessing  favorable  features  should 
be  examined  before  Anally  determining  upon  a  definite  plan.  Consider- 
ing that  the  one  suggested  by  Mr.  J.  K.  Duncan,  when  chief  State 
engiueer,  of  taking  Bayou  Ptaquemine  as  the  route  to  Red  River,  pre- 
sented many  excellent  "points,  I  concluded  to  have  that  route  surveyed, 
and  accordingly  in  July  I  dispatched  a  party  to  the  Plaquemine  for  that 
pur|)ose.    The  results  of  this  survey  will  be  noticed  further  on. 

As  a  history  of  the  changes  or  causes  that  led  to  the  destruction  of 
the  navigation  of  the  mouth  of  Red  River  will  be  necessary  for  a  proper 
understanding  of  the  questions  involved,  I  will  give  extracts  bearing 
upon  the  same,  taken  from  the  various  reports  of  the  board  of  State 
engineers  of  Louisiana. 

In  an  elaborate  report  upon  the  origin  and  causes  of  the  deterioration 
of  the  navigation  of  Old  River  (as  the  channel  is  now  called),  by  Mr.. 
J.  K.  Duncan,  in  1860,  he  states : 

I  am  nnwiUing  to  admit  a  mere  speculation  in  this  report,  but  iu  as  far  as  the  qoes* 
tiouof  origiaal  uuity  between  the  Red  and  the  Atchafalaya  rivers  is  concerned  thiii^ 
u  unavoidable.     History  and  tradition  at  the  remotest  dates  found  the  same  indirect 
Mparation  of  these  rivers  as  there  is  at  present,  for  no  direct  evidence  of  a  more  per- 
fect coanection  between  them  has  ever  come  down  to  our  times.     Hence  our  deduc- 
tioiM  regarding  this  former  unity  can  now  only  be  based  upon  a  careful  inspection  of 
tlte  present  geography  and  geology  of  the  valleys  of  the  two  rivers  in  question.    A 
close  examination  and  comparison  of  the  physical  aspects  and  the  geological  forma- 
tions of  these  valleys  leads  one  inevitably  to  the  conclusion  that  there  was  a  former* 
thue  when  the  Red  and  Atchafalaya  rivers  were  one  and  the  same  stream,  which   had 
no  connection  with  the  Mississippi  whatever,  except  through  lateral  overflows  in 
extreme  floods.     It  is  not  presume<l  by  this  that  there  were  not  other  outlets  to  Roil 
Kiver  besides  the  Atchafalava  during  the  outward  progress  of  the  whole  front  of  its 
delta. 

Tlie  Teche,  in  all  probability,  was  such  an  outlet  up  to  a  very  recent  period  coni- 
paratively ;  but  up<m  due  investigation  of  the  subject,  however,  the  conviction  will 
xbiree  itself  upon  ever>'  one  that,  as  the  land  extendeci  outward,  the  Atchafalaya  became 
the  final  and  only  remaining  one  of  these  outlets. 

I  am  aware  that  this  foi-mer  unity  between  the  Red  and  the  Atchafalaya  rivers  has 
been  questioned  by  several  able  and  scientific  writers.  The  problem  of  low-water 
navigation,  which  feimiius  to  be  solved,  however,  depends  upon  the  present  exist^jnco 
of  thiugs  and  not  upon  the  changes  of  the  past,  and  therefore  it  is  iuinuiterial  whether 
this  premise  be  admitted  or  not,  as  it  will  be  fully  proven  hereafter  that  these  two 
rivers  fonu  one  and  the  same  stream  now,  which  will  be  sufficient  for  our  argument. 
The  Red  and  the  Mississippi  rivers  then  occupied  8ei»arate  valleys,  running  generally 
parallel  with  each  other,  but  with  no  immediate  connection  b<?tween  tlicm.  The 
latter  sought  the  Gulf  at  the  Balize,  through  its  own  independent  channel,  while  the 
former  n»aehed  the  si-a  through  the  Atchafiilaya  and  Berwick's  Bay. 

Tbe  general  tendency  oralJiivi/jJ  strvHmsiseverto  lengthen  their  coui*>^eAaA\v\n>^\jLV"«5 
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their  slopes.  As  a  consemience  of  the  tortuous  meanderings  resulting  from  this  con- 
sideration the  Red  and  Mississippi  rivers  came  together  and  mingle<l  their  waters 
In  thus  coming  together,  however,  it  must  be  l>ome  steadily  in  mind  that  the  former 
was  completely  cnt  into  two  parts,  and  that  the  bend  or  loop  of  the  Mississippi,  now 
called  Old  River,  separated  these  parts  by  a  distance  of  about  3  miles,  and  thus  main- 
tained an  indirect  communicatiou  only  between  them.  For  easy  nomenclature,  we 
will  designate  these  parts  by  the  names  by  which  they  are  now  known  ;  that  is,  we 
•will  call  the  upper  one  Rcni  River  and  the  lower  the  Atchafalaya. 

The  natural  effects  wliich  would  be  produced  by  the  meeting  of  the  waters  of  the 
Red  and  Mississippi  rivers  would  be  as  lollows: 

EFFrCT3  UPON  THE  ATCHAFALAYA. 

As  the  Atchafalaya  flowed  directly  from  the  apex  of  an  abrupt  l>end  of  the  Missis- 
sippi^ which  then,  as  now,  constituted  its  source  or  head,  it  is  evident  that  after  the 
meeting  mentioned  it  would  become  the  general  recipient  of  most  of  the  floating  drift 
coming  down  the  Missisi^ippi  during  the  rise  of  its  floods.  The  inevitable  result  of 
this  would  be  the  complete  rafting  of  the  Atchafalaya  from  Berwick^s  Bay  to  its  head. 
Everything  proves  this  dense  rafting  to  have  taken  place,  traces  of  which  are  apparent 
throughout  the  entire  course  of  the  river,  in  its  lake  formation,  and  in  its  nomeroos 
lateral  chutes  caused  by  the  w^ater  breaking  around  the  rafts  and  coming  in  again 
below  them.  This  has  been  known  to  be  the  case  up  to  a  very  recent  date,  aa  but  a 
few  years  have  elapsed  since  the  rafts  were  broken  and  removed  by  the  internal  de- 
partment. 

These  obstructions  would  render  the  current  of  the  At^^hafalaya  very  sluggish, 
whence  there  would  be  a  consequent  rapid  deposition  of  sediment  upon  the  rafts,  caua- 
tng  the  channel  of  the  river  to  contract  and  shoal  its  bed. 

EFFECTS  ON    THE  RED  RIVER. 

It  is  plain  that  when  their  waters  first  came  together  the  inevitable  result  woold  be 
the  absorption  of  the  Red  by  the  Mississippi,  and  a  rush  of  most  of  its  waters  down 
the  stream  of  the  greatest  slope  and  velocity. 

This  becomes  the  more  evident  when  we  reflect  that  the  Red  debouched  directly 
into  the  Mississippi,  and  that  it  was  furthermore  completely  cut  off  from  its  naturu 
outlet,  the  Atchafalaya. 

As  the  Mississippi  at  that  time  swept  entirely  around  the  bend  now  called  Old  River, 
and  as  the  Atchafalaya  became  rafted  in  the  manner  before  shown,  the  Red  River 
would  continue  to  flow  into  it  as  a  forced  tributary  until  some  subsequent  great  change 
should  divert  it-s  course  and  direct  H  elsewhere. 

Throughout  all  the  delta  of  the  Mississippi  it  is  well  known  that  its  banks  fall  rap- 
idly back  from  the  rivif^r  laterally,  and  consequently  the  parallel  back  valley  moat  be 
■on  a  lower  level  on  the  same  parallel  of  latitude.  Hence  the  Red  River,  running 
-through  this  lower  vallev,  must  necessarily  be  below  the  Mississippi,  and  tnia  being 
universal  on  every  parallel  it  is  evident  that  the  plane  of  its  slo|>e  has  a  lose  inclina- 
tion also.  In  consequence,  during  its  floods  and  even  at  low-water  the  Missiaaippi 
would  back  up  its  waters  into  the  former,  and,  as  these  back  waters  had  no  natural 
outlet,  they  would  be  forced  up  the  Red,  Black,  Ouachita,  and  Little  rivers,  and  their 
numerous  branches,  perhaps  for  many  ndles.  This  would  produce  a  constant  retarda- 
tion of  the  current  of  Lower  Red  River  and  a  consequent  precipitation  of  the  earthy 
matter  held  in  suspension,  as  this  latter  is  lifted  and  carried  along  entirely  by  the 
velocity  of  the  current,  or  b^  the  mechanical  action  of  the  water  in  motion,  as  we  have 
before  seen.  These  depositions  would  cause  the  lower  part  of  its  chanirel  to  shoal ; 
imd  the  waters  coming  down  from  above,  together  with  the  back  waters  from  the  Mia- 
sissippi,  finding  no  sufficient  vent,  would  escape  in  a  sheet,  flow  over  the  banks  into 
the  low-bordering  swamps,  thus  converting  nearly  all  of  thi^  entire  region  into  one 
rast  reservoir,  as  far  as  tne  retardation  extendtid. 

The  sudden  accession  of  the  waters  of  Red  River  to  its  volume  would  cauae  the 
Missis8i\)pi  to  change  its  regimen.  This  change  could  not  have  been  very  g^reat  or  sod- 
den, however,  as  the  Atchafalaya,  until  it  became  rafted,  partially  compensated  for  the 
accession  from  Red  River.  In  time  this  river  accommodated  itself,  to  tne  new  order  of 
things,  discharging  its  surplus  in  the  meanwhile  over  .both  of  its  banks  into  the  low 
swamps  beyond.  • 

It  is  plain,  furthermore,  that  at  that  time  there  could  have  been  no  question  of  low- 
water  navigation,  excepting  at  the  mouth  of  and  in  Lower  Red  River,  as  what  is  Old 
River  now  was  then  the  Mississippi. 

Such  hpwl  probably  been  the  condition  of  these  rivers  for  a^es,  and  this  was  their 
condition  and  their  several  relations  at  the  time  they  were  hrst  discovered  by  the 
Europeans,  and  thence  up  to  the  year  1831,  when  our  troubles  regarding  navigation 
t)egan  to  be  really  serious. 
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At  this  time,  1831  (see  map  A),  the  Mississippi  formed  the  loop  alluded 
to,  received  at  its  upper  bend  the  waters  of  Red  River,  directly,  and  from 
ite  lower  end  emptied  its  own  water  directly  into  the  Atchafalaya.    The 
distance  around  the  bend  was  about  17  miles,  while  across  the  narrow 
neck  of  land  it  was  but  a  few  hundred  yards.    The  Atchafalaya  was,  as 
stated,  completely  filled  with  raft,  and  at  the  same  time  a  bar  was  form- 
ing at  the  mouth  of  Red  River,  and  its  lower  reaches  were  becoming 
shoal  from  the  deposition  of  sediment.    To  improve  the  navigation  of 
the  mouth  of  Red  River,  recourse  was  had  to  the  Shreve  Cut-off,  which 
was  made  over  the  narrow  neck  of  land.    Of  this,  Duncan  says : 

To  improve  the  na vigation  at  the  mouth  of  and  in  Lower  Red  River,  which  was 
rapidly  deteriorating  from  the  deposition  at  its  mouth,  caused  by  checking  the  cur- 
rent, u  we  have  before  seen,  recourse  was  had  to  this  popular  but  pernicious  method 
of  obtaining  immediate  relief. 

A  perfect  cut-off  produces,  together  with  other  results,  a  sudden  fall  of  the  whole 
river  at  and  above  the  point  where  made. 

It  is  hence  evident  that  there  would  result  temporarily  from  this  work  the  immedi- 
ate benefit  required.  The  Mississippi  having  suddenly  fallen  at  the  mouth  of  Red 
River,  there  would  necessarily  be  less  back  water  in  the  latter,  and  conse<|uentlv  an 
tncreaoed  current  and  greater  fall.  Red  River  would,  therefore,  tend  to  free  itself  from 
the  shoal  bars  at  its  mouth,  and  to  wash  out  the  light  deposits  which  had  accumulated 
in  its  bed  for  some  distance  above.  This  benefit  could  not  of  necessity  be  permanent 
orlastinff;  for  by  thus  throwing  the  Mississippi  further  to  the  east,  it  was  partially 
separated  from  Red  River,  and  to  a  certaiu  degree  both  rivers  were  forced  to  assume 
their  oridnal  independent  channels. 

Sevenu  natural  causes  would  tend  to  widen  if  not  to  complete  the  separation,  two 
of  which,  especially,  were  prominently  active  : 

First.  The  tendency  of  the  Mississippi  to  close  up  the  gorges  of  its  old  bend  by  an- 
nnal  deposits  in  them.  This  is  an  invariable  law  which  operates  in  every  cut-off, 
whether  natural  or  artificial,  and  of  the  effects  of  which  Lakes  Saint  John  and  Con- 
cordia, in  the  parish  of  Concordia,  a  short  distance  above,  may  be  instanced  as  perfect 
speeimena  on  the  Mississippi.  There  are  many  other  similar  cut-offs  throughout  the 
State  which  have  completely  closed  their  gorges  by  this  same  process,  and  which  are 
familiar  to  everj-  one. 

Second.  The  renewed  eflbrts  of  the  Red  River  to  reach  the  Gulf  by  the  lower  levels 
of  the  Atchafalaya,  from  the  increased  activity  which  it  received  under  this  change 
of  reipmen  and  artificial  separation.  Additional  power  and  increased  activity  were 
also  jpven  to  the  operations  of  these  natural  causes  by  the  labors  of  man ;  for  in  1833, 
two  years  after  the  cut-off  had  been  made,  a  board  of  public  works  was  incorporated 
Boder  which  the  internal  improvements  of  the  State  began  to  be  developed.  The  re- 
Doval  of  the  rafts  obstructing  the  Atchafalava  and  Grand  rivers  and  Bayou  Sorrel 
being  urgently  demanded  by  the  necessities  of  the  case  was  among  the  earliest  of  its 
operations.  In  order  to  ox>en  the  navigation  through  these  streams  to  the  Attakapas, 
a  labor  required  by  an  increasing  popinatiou,  man  performed  by  the  removal  of  these 
rafts  that  which  nature  was  unable  to  do  without  such  assistance,  as  we  have  before 
seen. 

When  these  rafts  were  partially  broken  and  removed  the  increased  current  velocity 
of  the  Atchafalaya  soon  washed  out  the  light  deposits  in  its  channel.     By  the  annual 
sisiatance  which  it  received  from  the  internal  improvement  department,  this  river 
rapidly  assumed  its  original  capacity  to  vent  the  waters  of  Red  River,  with  an  in- 
creased ability  to  carry  off  the  back  waters  discharged  into  the  Red  River  basin  by 
tile  Uissiflsippi.    The  efforts  of  both  of  the  latter  rivers  were  joined  in  the  same  direc- 
tion; the  Red  River,  striving  to  regain  its  natural  outlet  by  the  lower  levels  of  thia 
^ey, supplied  water  and  current  for  the  abrasion,  and  the  Mississippi,  by  using  the 
lower  Red  and  all  of  Old  River  as  a  reservoir,  greatly  weakened  and  retarded  the 
rorrents  in  the  latter,  and  hence  there  resulted  a  rapid  precipitation  of  alluvial  de- 
posit and  consequent  shoaling  throughout  the  entire  channel  of  Old  River.    Its  lower 
fom  was  closed  in  a  few  years,  while  bars  and  shoals  were  more  gradually  forming 
in  the  upper  gorge,  and  islands  and  shoals  in  all  that  part  of  its  channel  from  the 
Bonth  of^  the  Red  River  to  the  Mississippi.     Besides,  the  Mississippi  kept  receding 
fiirther  to  the  east  by  a  vigorous  abrasion  of  its  left  bank,  while  as  rapidly  batturing 
the  right  bank  and  filling  the  gorges  of  its  old  bend,  until  it' has  taken  up  an  equated 
position  at  some  oonsirlerable  distance  from  the  place  where  Slireve  originally  cut  his 
ehannel. 

It  is  plain  from  these  facts  that  this  cut-off,  together  with  the  removal  of  the  Atch- 
afalaya rafts,  had  in  a  great  measure  restored  the  Red  and  Mississippi  rivers  to  their 
primary  condition  before  the  meeting  of  their  waters,  giving  each  a  tendency  lo  t\kft 
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Gulf  by  it>8  own  indepeudent  channel.  The  connection  of  the  Red  and  Atchafalaja 
with  the  Mississippi  was  made  to  depend  entirely  upon  the  navigation  of  the  old  beod 
of  the  latter,  now  called  Old  River.  This  was  rapidly  filling  np  from  the  eflFects  of 
natural  causes.  In  short,  the  cut-off  had  only  transferred  the  difficulty  from  the  moath 
of  the  Red  to  the  channel  of  Old  River,  and  had  greatly  impaired  the  navigation  in- 
stead of  improving  it. 

Among  the  many  plans  suggesting  themselves  for  the  amelioration  of  the  low-water 
navigation  of  Old  River,  it  is  singular  that  no  other  method  could  be  thought  of  than 
the  recurrence  to  a  second  cut-off,  especially  after  the  experience  of  the  ratal  cohk- 
quences  of  the  first.  With  this  object  in  view,  however,  the  Raocoarci  ont-off  wu 
proposed  and  finally  completed  in  1847. 

Here  is  another  instance  of  hasty  legislation,  rushing  into  unknown  and  greater 
evils  merely  to  escape  for  the  moment  an  existing  one.  Notwithstanding  the  efforto 
made  by  P.  O.  H<$bert,  State  engineer,  to  arrest  the  progress  and  final  executioo  of 
this  work,  and  in  spite  of  the  warnings  of  other  engineers  of  scientific  attainments, 
who  cautioned  the  legislature  that  this  proposed  cut-off  would  not  produce  the  beneftto 
expected  of  it,  but  that  it  would  only  cause  the  inundation  of  Lower  Louisiana,  still 
this  last  crowning  work  was  ordered  into  execution. 

As  was  predicted  of  it,  and  as  might  have  been  anticipated  from  the  character  of 
its  effects,  this  work  led  to  an  early  and  complete  separation  of  the  Red  and  the  Mis- 
sissippi rivers,  by  giving  additional  power  and  activity  to  all  the  causes  which  we 
have  seen  in  operation,  assisting  them  the  more  rapidly  to  destroy  the  very  navigatioa 
through  Old  River  which  it  had  been  made  to  improve. 

This  cut-off  was  completed  in  1847.  Since  then  Old  River  htis  filled  up,  not  gradual]; 
but  with  extraordinary  rapidity.  Every  river  pilot  will  confirm  this ;  and  it  is,  further- 
more, attested  by  the  annual  legislation  invoked  by  general  complaint  for  its  improve- 
ment. Since  that  time,  furthermore,  the  rafts  in  the  Atchafalaya  have  been  completely 
broken,  and  to  a  great  extent  removed,  so  that  its  channel  is  now  widened  and  deep- 
ened to  something  like  its  original  capacity  and  magnitude. 

In  consequence,  therefore,  of  the  makinj^  of  these  cut-offs,  and  the  removal  of  tbe 
Atchafalaya  rafts,  nature  has  at  length  triumphed  in  the  execution  of  her  univeisal 
and  unchangeable  laws.  And  while  the  legislatures  of  1859  and  1860  were  passing 
acts  anticipatory  of  a  separation  of  the  Red  aud  Mississippi  rivers,  that  result  had  in 
reality  already  taken  place  for  all  the  practical  purposes  of  low-water  navigation,  and 
the  waters  of  the  Red  and  the  Atchafalaya  were  elSectually  blended  into  one  stream, 
flowing  majestically  in  one  unbroken  channel  of  over  2,000  miles  from  the  Rocky 
Mountains  to  the  Gulf  of  Mexico. 

This  has  probably  been  the  case  for  several  vears  past ;  and  it  will  be  endeavorM 
to  be  proved  further  on  in  this  report  that  tnis  separation  has  been  anything  bot » 
misfortune  to  the  best  interests  of  the  State. 

CHANGES  THAT  HAVE  TAKEN  PLACE  IN  OLD  RIVER  SINCE  THE  SHHETE 

CUT-OFF. 

Previous  to  that  event,  Old  River,  which  was  then  the  bend  of  the 
Mississippi,  was  upwards  of  three-fonrths  of  a  mile  wide  and  80  ^t  deep. 
After  the  eut-oflf  the  bend  commenced  to  fill  up  very  rapidly,  so  much  so, 
that  in  1839,  eight  years  after,  State  Engineer  Dunbar  reports  that  on 
the  18th  of  January  of  that  year  he  found  5J  feet  of  water  over  the  bar 
at  the  mouth  of  Red  River,  5^  feet  on  the  bar  of  the  Atchafalaya,  18 
inches  over  the  bar  at  the  lower  mouth,  aud  10  feet  over  the  bar  in  the 
upper  mouth,  showing  a  difference  of  4^  feet  between  the  bar  in  the  up- 
per mouth  and  the  bar  in  the  Atchafalaya. 

On  the  13th  of  February  of  the  same  year  he  found  10  feet  of  water 
over  the  bar  at  the  mouth  of  Red  River,  17  feet  in  the  upper  mouth  with 
no  current,  12  j  feet  in  the  mouth  of  the  Atchafalaya  with  a  strong  car- 
rent,  and  4J  feet  over  the  bar  at  the  lower  mouth,  showing  an  increa*® 
of  deposits  "on  the  bar  at  Red  River  of  2  feet  and  one  of  3J  feet  on  the 
bar  at  the  lower  mouth,  while  the  relative  depths  of  the  Atchafalay* 
and  the  upper  mouth  remained  the  same.    The  estimate  was  based  upo'* 
the  supposition  that  the  bar  in  the  Atchafalaya,  being  composed  of  batu 
blue  clay,  would  not  cut  by  the  action  of  the  water. 

By  his  examinations  in  the  following  year  (1840),  he  found  that  tbe 
main  part  of  tlie  lower  montli  was  2J  feet  out  of  water,  the  balance  ^^ 
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entirely  dry,  with  the  exception  of  a  small  communication  about  10  feet 
wide  on  the  level  with  the  surface  of  the  water.  The  soundinp^s  showed 
a  depth  of  T^-feet  in  the  channel  over  the  bar  in  the  upper  mouth,  6 
inches  of  water  on  the  shoalest  part  of  the  bar  at  Red  River,  and  5^  feet 
00  the  bar  in  the  Atchafalaya,  showing  a  difference  between  the  bars  in 
tbe  upper  mouth  and  the  Atchafalaya  of  2  feet,  and  making  a  decrease 
of  difference  between  the  two  of  2 J  feet  since  January,  1839  (map  B, 
showing  locality  in  1839). 

The  change  and  filling  up  continued,  and  navigation  became  so  bad 
that  during  the  years  1M5,  '46,  and  '47  it  was  virtually  suspended  during 
the  low-water  season.  It  was  during  the  latter  year  that  recourse  was 
had  to  the  Raccourci  cut-off,  as  mentioned  above.  Instead  of  producing 
the  desired  effect  of  cleaning  out  the  deposits  at  the  mouth,  it  only  has- 
tened the  more  rapid  filling  up  thereof. 

The  surveys  made  by  L.  Hubert  in  1855  and  ^o6  show  still  more  the 
important  change  taking  place  and  the  further  separation  of  the  Red 
and  Mississippi  rivers. 

In  1860,  Duncan  reports  that  on  the  12th  of  August  of  that  year  the 
moat^  was  entirely  closed  to  the  passage  of  a  small  steamer,  there  be- 
ing at  that  time  but  abjut  18  inches  of  water  upon  the  bar.  Measure- 
ments taken  during  the  season  after  a  steamer  had  plowed  her  way 
through  gave  an  actual  width  of  channel  of  170  feet,  a  depth  of  2.95  feet, 
and  a  sectional  water  area  of  503  square  feet. 

Map  C,  herewith,  made  in  1866,  shows  still  greater  changes.  The 
lower  channel  was  completely  closed  at  its  mouth,  the  deposit  being 
covered  with  a  heavy  growth  of  timber,  communication  being  main- 
tained between  the  Red  and  the  Mississippi  rivers  through  the  upper 
ehanDel,  which  was  very  narrow  and  shallow. 

In  1872  the  river  forced  itself  through  the  narrow  strip  of  land  that 
obstmcted  tbe  lower  channel,  and  at  the  same  time  commenced  filling 
the  ap|)er  channel,  which  up  to  that  year  had  been  the  roate  for  the  boats. 
Since  that  year  the  lower  channel  at  low- water  has  been  the  main  chan- 
nel of  communication. 

In  December,  1876,  the  river  was  closed  to  such  an  extent  that  three- 
foartbs  of  the  boats  navigating  the  Red  and  tributary  streams  were  de- 
tained at  the  obstruction,  waiting  for  the  river  to  rise. 

In  1877  navigation  became  so  difficult  that  the  State  made  an  appro- 
Fnation  to  keep  the  channel  open.  In  1878  the  government  employed 
two  tags  and  a  steamer  for  a  month  and  a  half  for  a  like  purpose. 

In  ft^t,  it  (night  be  said  that  were  it  not  for  the  temporary  expedients 
leeorted  to  from  year  to  year,  the  navigation  through  Old  River  would 
kave  long  before  been  destroyed. 

CHANGES  IN  THE  ATCHAFALAYA. 

At  the  time  of  the  cut-off,  and  for  several  years  afterward,  the  Atch- 
af^ya  was  a  very  small  stream,  filled  with  rafts,  and  almost  unnaviga- 
ble.  It  is  reported  that  in  1839  the  water  was  so  low  at  the  head  of  the 
stream  that  foot  passengers,  by  means  of  a  plank  15  feet  long,  could 
walk  across  it.  In  that  year  the  State  commenced  removing  the  rafts 
and  other  obstructions,  and  immediately  the  river  commenced  widening 
and  deepening,  and  is  still  continuing  the  process. 

In  1850,  Professor  Forshey  states  that,  from  reported  soundings,  he 
found  a  mean  high-water  depth  at  the  head  of  about  50  feet,  with  a  width 
of  730  feet.    Soundings  made  fit  the  time  of  my  survey  show  aii  exXt^iXi^ 
/tneteaur  depth  of  85  feet  and  a  width  at  surface  of  about  900  feet. 
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The  maps,  &c.,  herewith  presented  show  the  condition  of  the  differeu 
channels  at  the  time  of  the  recent  survey.  The  stage  of  water  was  thei 
6  feet  above  extreme  low- water  and  the  sections  are  referred  to  tha 
stage,  though  low- water  is  at  the  same  time  indicated. 

Starting  in  Old  Red  River  proper  above  the  head  of  TurnbuU's  Island 
there  was  found  a  width  of  940  feet  and  a  depth  of  23  feet,  giving  a  see 
tional  area  of  14,080  square  feet;  a  low- water  section  would  be  9,651 
square  feet. 

At  the  head  of  Tumbull's  Island  the  channel  separates  into  what  an 
known  as  Upper  Old  River  and  Lower  Old  River,  joining  again  at  th 
foot  of  the  island  and  flowing  thence  to  the  Mississippi  in  a  single  chan 
nel.  In  ordinary  stages  of  water  Upper  Old  River  divides  at  its  hea( 
into  three  channels,  known  respectively  as  the  Sugar  House  Chut€ 
Middle  Chute,  and  the  Straight  Chute.  In  extreme  low- water  these  ar 
entirely  closed  and  there  is  no  navigation  down  Upi>er  Old  River. 

Lower  Old  River  is  now  the,only  navigable  channel  at  a  low  stage  c 
water,  and  at  times,  even  through  it,  great  difficulty  is  experienced,  pai 
ticularly  on  the  lower  reaches.  In  its  upper  part,  say  just  below  th 
head  of  TurnbuU's  Island,  the  lowest  depth  found  was  13  feet  at  th 
stage  above  indicated.  As  we  approach  the  head  of  the  Atchafalay; 
we  find  a  depth  just  above  of  37  feet  and  just  below  of  27  feet,  with  coi 
resiK)nding  sectional  areas  of  14,080  and  14,820  square  feet. 

The  sections  of  the  Atchafalaya  at  its  head,  and  at  a  point  1,000  fee 
below,  give  respectively  52,100  square  feet  and  16,766  square  feet.  Th 
large  increase  of  the  upper  section  is  due  to  the  eddy  formed  by  th 
meeting  of  the  water  of  the  Red  and  Mississippi  and  scouring  out  a  dee: 
hole,  the  depth  on  this  section  being  at  low-water  85  feet. 

After  leaving  the  head  of  the  Atchafalaya,  the  channel  of  Old  Rive 
commences  to  shoal,  and  from  opposite  Chaudler^s  Landing  down  t 
near  the  lower  end  of  TurnbuU's  Island  navigation  is  extremely  difficult 
particularly  along  the  channel  known  as  the  Gut  or  Mud  Hole,  wher 
for  a  distance  of  about  8,000  feet  the  channel  varied  in  width  ^m  25 
to  400  feet,  with  a  depth  from  2^  to  3  feet  at  low-water.  The  botton 
through  this  channel  being  covered  with  a  layer  of  soft  mud,  througl 
which  the  lightest  sounding  rod  was  easily  pushed,  rendered  the  opera 
tion  of  obtaining  the  sounding  to  extreme  nicety  very  difficult. 

From  the  Gut  out  until  we  reach  the  mouth  we  find  a  sufficient  dept; 
of  water.  At  this  point,  however,  we  found  only  4.J  feet  at  the  time  o 
the  survey  (the  gauge  at  Red  River  Landing  being  5  feet  above  lo^i 
water),  showing  a  possibility  of  a  complete  blocking  up  of  the  entrance 
had  the  water  been  at  its  lowest  stage.  A  reference  to  the  maps  wil 
indicate,  in  much  more  detail,  the  soundings,  cross  sections,  &c.,  an< 
will  give  a  full  idea  of  the  situation  much  more  readily  than  any  descrii: 
tion. 

Considering  the  changes  that  have  taken  place  in  the  channels  of  Ra 

River,  Old  River,  and  the  Atchafalaya  from  the  date  of  the  ShreveCutol 

•   down  to  the  present  time,  it  is  evident  that  navigation  of  Old  River  ha 

become  more  and  more  difficult  from  year  to  year,  and  threatens  at  n< 

great  future  time  to  be  utterly  destroyed.    In  fact,  had  it  not  bee\i  fo 

the  work  executed  at  diffiirent  times.  Old  River  would  most  uudoubtedl; 

have  been  closed  up.    It  is  estimated  that  the  State  of  Louisiana  ha 

spent  upwards  of  $1,000,000  in  attempting  the  various  improvement* 

These  latter,  however,  were  not  of  a  permanent  nature,  but  consisted 

mostly  of  dredging  and  scraping  o|>erations  during  the  low- water  season 

The  operations  during  the  past  three  years,  as  carried  on  by  the  Stat 

Slid  by  the  goverument^  have  been  only  wit\i  a  vi^w  to  \v^^v\\\^\\ife^\v^ 

neJ  open  teiuporarily. 


APPENDIX   O.  1295 

While  the  uavigation  of  Old  Eiver  has  been  deteriorating,  that  in  the 
Atchafalaya  has  been  improving,  and  this  bayon  has  enlarged  to  such 
an  extent  that  it  now  absorbs  all  the  water  of  Eed  River  (when  at  a  low 
stage)  in  its  endeavor  to  reach  the  Gulf  by  the  shorter  route  down  the 
Atchalalaya.     I  caused  Red  River  below  the  mouth  of  Black  River  to 
be  gauged  when  it  was  near  its  low-water  mark,  the  result  being  a  dis- 
charge of  10,775.^5  cubic  feet  per  second  ;  the  mean  velocity  being  1.191 
feet  per  second,  and  the  area  of  section  9,050  square  feet.    At  the  same 
time  the  gauging  of  the  Atchafalaya,  half  a  mile  below  its  head,  gave  a 
low-water  discharge  of  16,950  cubic  feet  per  second ;  or,  in  other  words, 
the  Atchafalaya  was  carrying  off  half  as  much  water  again  as  it  received 
from  Red  River,  the  difference  being  from  the  Mississippi.    The  distance 
to  the  Gulf  from  the  head  of  the  Atchafalaya  by  way  of  Grand  Lake 
and  Berwick- 8  Bay  is  133  miles.    The  distance  by  way  of  the  Mississippi 
is  estimated  at  326  miles.    Under  the  old  condition  of  affairs  the  waters 
of  Ked  River  may  be  said  to  have  reached  the  sea  with  a  fall  of  1.84 
inches  per  mile.    That  which  now  runs  down  the  Atchafalaya  falls  at 
the  rate  of  about  5.7  inches  per  mile. 

From  my  observations  it  is  evident  that  the  Atchafalaya  has  again 
become  an  important  outlet  to  the  Mississippi  River.    The  current  now 
at  all  times  runs /row  the  Mississippi.    It  is  only  during  the  very  excep- 
tional time  when  the  Red  is  high  and  the  Mississippi  low  that  any  ' 
fed  River  water  passes  the  head  of  the  Atchafalaya  and  finds  its  way  ' 
to  the  Mississippi.    This  has  been  doubted,  but  since  my  connection 
with  the  improvement  1  have  not  known  to  the  contrary,  and  I  believe 
this  important  change  dates  from  the  time  (1872)  when  the  river  broke 
thioagh  the  strip  of  land  in  Lower  Old  River,  and  made  that  the  naviga- 
hie  channel.    From  a  consideration  of  the  conditions  and  relations  of  the  * 
different  streams^  it  is  evident — 

First.  That  the  low- water  navigation  of  Old  River  is  completely  de- 
stroyed for  all  practical  purposes,  and  that  as  the  same  causes  are  still 
operating  it  must  necessarily  deteriorate  more  and  more  every  year. 

Second.  That  the  water  supply  of  Old  River  is  due  to  the  Mississippi 
both  at  high  and  low  stages,  and  not  to  Red  River. 

Third.  That  the  'Red  and  Atchafalaya  rivers  are  unquestionably  one 
and  the  same  stream  now,  whatever  may  have  been  their  former  rela- 
tions. 

Foorth.  And  that  there  is  a  constant  deposit  at  the  mouth  and  in 
Lower  Red  River,  owing  to  the  retardation  of  its  current  by  the  back 
waters  of  the  Mississippi. 

Hence  Old  River  can  only  be  regarded  as  a  communication  betweea 
the  Red,  Atchafalaya,  and  the  Mississippi  during  the  continuance  of 
high  waters,  at  which  time  it  also  acts  as  a  water- waste  to  the  surplus 
floods  of  the  latter. 

The  question  then  naturally  arises  what  must  be  done  to  improve  the 
lowwater  condition  of  Old  River  and  maintain  that  channel  a«  a  naviga- 
ble avenue  of  communication  between  the  Mississippi  and  the  Red. 

WTiile  numerous  plans  have  heretofore  been  presented  to  effect  that 
object,  the  changes  that  have  taken  place  from  year  to  year  have  so 
mcHiified  the  conditions  upon  which  they  were  based  that  their  consid- 
eration would  be  of  no  practical  value,  and  therefore  they  will  not  be 
discussed.  At  the  present  time  there  are  but  two  plans  advanced,  that 
is  for  the  improvement  of  the  immediate  locality;  that  for  the  Plaque- 
mine  will  be  considered  hereafter.  These  two  plans  are —  F 
First.  To  build  a  dam  across  lotver  Old  River  below  the  head  ot  Twtw- 
buU's  Island^  and  foive  Bed  Eiver  down  upper  Old  River,  and  llieucftXj^ 
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A  oat  through  into  the  Mississippi :  thas  leaving  the  coiiimuDication  be- 
tween the  Mississippi  and  the  Atchafalaya  by  way  of  the  lower  reach  of 
Old  Eiver.  This  was  the  plan  lately  presented,  and  was  the  one  ui>on 
which  the  estimates  were  presented  for  the  consideration  of  Congress. 

Second.  Di-edging  Lower  Old  Eiver  at  its  mouth  and  at  the  other 
points  of  obstruction,  as  a  temporary  means  and  to  be  resorted  to  every 
low-water  season  whenever  the  obstruction  be  sufficient  to  demand  it. 

The  first  plan  involves  the  construction  of  a  low-water  dam  across 
Lower  Old  River,  the  closing  of  the  middle  and  straight  chutes  at  the 
head  of  TurnbulPs  Island  dam  at  lower  end  of  Upper  Old  River,  and  the 
excavation  of  a  cut  through  to  the  Mississippi.  The  dre<^ging  and  exca- 
vation provides  for  a  channel  200  feet  wide  and  5  feet  below  extreme 
low-water  line.    The  estimated  cost  of  this  work  is  $361,828.79. 

The  effect  of  this  work  would  in  reality  be  only  to  transfer  the  diffi- 
culties from  the  lower  to  the  upper  channel,  and  at  considerable  expense. 
As  it  was  observed  even  in  former  times  that  Red  River  had  not  suffi- 
cient velocity  to  clean  out  the  deposits  at  its  mouth,  it  is  still  more  ap- 
parent that  with  the  increased  length  of  channel,  and  with  it^  mouth 
moved  some  5^  miles  ^rther  eastward.  Red  River  could  not  be  projected 
into  the  Mississippi  with  sufficient  velocity  to  insure  at  all  seasons  an 
open  channel.  The  causes  that  operate  at  the  present  time  to  fill  up 
the  gorges  of  Lower  Old  River  would  operate  in  the  same  manner  with 
the  upper  channel,  and,  therefore,  expensive  dredging  operations  would 
necessarily  have  to  be  resoited  to  every  low- water  season.  With  this 
view  of  the  case  we  might  avoid  the  expensive  work  of  attempting  to 
torn  Red  River  down  the  upper  channel,  and  resort  at  once  to  attempt 
the  maintenance  of  an  open  channel  by  the  second  plan,  which  contem- 
plates dredging^  or  some  similar  process,  such  as  scraping,  harrowing,  or 
stirring  up  the  deposit,  and  inducing  a  current  to  carry  the  same  off. 

These  processes  have  been  resort^  to  more  or  less  by  the  State  for  a 
number  of  years,  and  for  the  past  three  seasons  by  the  State  and  by  the 
government,  at  an  expense  of  about  $10,000  per  year.  A  channel  suffi- 
ciently lai:;ge  for  the  passage  of  the  steamers  navigating  the  Red  and 
tributary  streams  was  maintained.  This  past  year,  however,  the  ex- 
treme low- water  in  the  Mississippi  and  other  streams  greatly  added  to 
the  difficulty  of  keeping  an  open  channel ;  and  at  one  time  the  mouth  of 
the  river  was  completely  blocked  up. 

Unless  changes  take  place  in  the  relative  condition  of  the  streams, 
whereby  the  Atchafalaya  will  again  become  an  important  outlet  of  the 
Mississippi,  and  there  will  be  a  constant  and  efficient  current  maintahied 
Jrom  the  Mississippi  into  the  Atchafalaya  through  Low^  Old  River  suffi- 
cient to  keep  that  channel  open,  the  work  of  dredging  will  become  more 
and  more  difficult  from  year  to  year. 

It  is  possible  that  the  changes  alluded  to  may  be  about  to  take  {riace. 
During  the  low- water  season  of  last  fall,  I  kept  my  dredgeboat  employed 
in  keeping  the  mouth  open.    In  the  execution  of  this  work,  a  channel 
was  dredged  through  the  bar  and  out  several  hundred  feet  into  the 
Mississippi.    Soon  afterwards,  the  Mississippi  commenced  rising  and  a 
strong  current  was  found  setting  in  from  the  Mississippi  towards  th^ 
Atchafalaya.    It  was  found  also  that  the  ^^  Gut "  was  not  so  much  of  an  . 
obsti'uction  as  formerly,  and  that  the  soft  deposit  had  been  carried  down 
to  the  <^  crossing"  and  in  &ont  of  Chandler's  Landing.    Should  tlua 
deposit  continue  to  move  towards  the  Atchafalaya,  it  is  possible  thau  an 
open  channel  may  be  maintained.    At  last  advices,  the  Mississippi  l^^ 
risen  at  the  mouth  of  Red  River  to  a  height  of  33.65  feet  above  t;he 
standard  low- water  of  1872,  Red  River  at  the  same  time  remaining  verj 
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low.  The  strong  ciirreDt  and  volume  of  water  passing  through  Old 
River  and  down  the  Atchafalaya  bad  the  effect  of  alarming  the  planters 
along  this  latter  stream,  as  they  seemed  to  fear  that  the  Mississippi 
wonld  turn  a  great  portion  of  this  volume  down  that  way.  While  they 
desired  an  open  channel,  they  did  not  wish  it  at  the  expense  of  their 
plauUtious.  At  the  present  time  it  will  be  impossible  to  predict  what 
effect  this  increased  current  and  volume  of  water  may  have  upon  Old 
Biver  and  the  Atchafalaya.  !Next  low- water  an  examination  can  be 
maile,  and  it  may  present  a  simpler  solution  of  the  problem  of  keeping 
an  oi)eu  mouth  thix>ugh  Red  lliver  than  any  yet  advanced. 

Should  it  be  a<lvisable  to  continue  the  dredging  operations  it  will  be 
necessiiry  to  jirmide  another  drodgeboat  in  addition  to  that  now  in 
service;  keeping  oneat  the  outer  and  one  at  the  in  uer  obstruction.  The 
estimatwl  cost  of  a  new  dre<lge  is  $40,000,  and  the  cost  of  operating  both 
is  from  $10,000  to  $15,000,  depending  upon  the  length  of  the  season. 

BAYOU  PLAQUBMINE  ROUTE. 

After  considering  that  the  first  plan,  with  its  objectionable  features, 
would  not  fulfill  the  conditions  of  maintaining  a  permanent  channel,  ana 
that  the  second  ]>lan  was  but  a  temporary'  ex])edieut,  attention  was 
<iirected  to  the  Bayou  Plaque  mine,  which,  if  improved,  would  i>ossibIy 
gixe  {(ood  navigation  via  Grand  Kiver  and  the  Atchafalaya  from  the 
Mississippi  to  the  lied,  and  at  the  same  time  preserve  the  communica- 
tion between  the  Mississippi  and  the  Attakapas  country. 

The  plan  for  the  imjirovement  of  the  route  contemplates  the  closing  of 
the  mouth  of  Old  River,  either  by  natural  causes  or  artificial  means,  and 
thecanaling  and  locking  of  the  Plaquemiue,  and  the  dredging  of  a  por- 
tion of  Grand  River,  and  the  removal  of  obstructions  from  the  Atchafa- 
laya. 

Bayou  Plaquemine  was  many  years  ago  a  mere  overflow  couU  choked 
with  growing  timber.    To  secure  water  communication  with  the  Atta- 
kap}i8  country  this  timber  was  remov^e<l,  and  ultimately  an  outlet  having 
a  cross-section  of  0,000  square  feet  and  ci^rrying  off  35,000  cubic  feet  of 
water  per  seccmd  was  formed.    The  work  in  question  was  done  by  the 
Louisiana  Navigation  Company,  under  a  charter  from  the  State.    The 
project  for  maintaining  navigation  throughout  the  whole  year  proved  a 
failure,  and  was  ultimately  abandoned.     As  the  mouth  of  the  bayou 
was  situated  in  an  abrupt  bend  of  the  Mississippi,  the  banks  at  that 
point  were  eroded  greatly  by  the  force  of  the  current,  and,  in  addition, 
the  bayou  itself  was  being  rapidly  tilled  up  with  drift  from  the  river, 
making  navigation  extremely  dangerous  and  difficult.    In  1865  the 
bayou  was  closed  at  its  heiul  by  a  levee,  upon  the  ground  that  there 
was  danger  of  its  rapid  enlargement,  and  that  the  back  country  would 
be  endangered  by  the  volume  of  water  poured  into  ic  from  the  Missis- 
sippi.   After  the  overflow  of  1874  a  new  levee  was  built  farther  back 
for  better  protection. 

At  the  foot  of  Bayou  Plaquemine  (11  miles)  we  enter  Grand  River, 
properly  a  continuation  of  the  Atchafalaya,  which,  turning  eastward  at 
Butte  h  la  Rose,  runs  through  the  lower  part  of  the  parish  of  Iberville 
until  joined  by  the  Platjuemiue  at  a  place  called  the  Park  ;  thence  flow- 
ing southward,  finally  discharges  into  the  lower  end  of  Grand  Lake. 
Grand  River,  after  leaving  the  Plaquemine,  is  a  small  stream,  varying 
in  width  in  the  first  5  miles  from  65  to  125  feet,  with  a  depth  of  not 
under  9  feet.  From  thence  the  river  widens  to  400  feet  at  the  third  jlot^ 
and  from  tbi^  point  to  Osca  Bay  it  h&a  a  width  of  from  600  to  %00  i^ftX^ 
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with  a  depth  from  15  to  40  feet.  From  Spoil  Bayou  to  the  Little  Atcha* 
falaya  the  width  of  the  river  is  from  300  to  500  feet,  and  at  Butte  k  la 
Eose  900  feet  wide.  Both  sides  of  the  river,  from  the  foot  of  the  Plaque- 
mine  to  the  Big  Pigeon,  are  wild,  low,  and  swampy ;  from  Big  Pigeon 
up  to  La  Raurpe  the  right  bank  is  partly  cultivated,  the  strip  of  land 
varying  from  1,200  to  3,000  feet  in  width,  back  of  which  we  find  the 
bottom  land;  back  of  that,  swamps.  Cow  Island,  and  the  land  in  the 
vicinity  of  Butte  A  la  Rose,  lie  from  10  to  14  feet  above  low-water.  The 
difference  in  elevation  of  the  surfVice  of  low- water  in  the  Mississippi  at 
Plaquemine  and  that  at  Butte  d  la  Rose  varies  very  little,  say  only  0.33 
of  a  foot. 

The  difference  between  high  and  low  wat>er  in  the  Mississippi  River 
at  Plaquemine  is  28.7  teet.  The  difference  in  elevation  between  high- 
water  mark  in  the  Mississippi  and  at  the  Indian  Village  is  20.2  feet 
At  Butte  k  la  Rose  the  difference  between  high  and  low  water  is  6.57 
feet;  at  the  second  flat  it  is  8.83  feet;  and  at  the  bridge  is  7.9. 

Now,  if  we  propose  taking  this^ayou  route,  and  making  it  the  navi- 
gable channel  of  communication  through  to  Red  River,  it  will  be  neces- 
sary to  lock  the  Plaquemine  near  its  bead,  dredge  out  it«  lower  end, 
widen  Grand  River  through  tbe  narrows,  and  to  remove  the  obstructions 
from  the  Atchafalaya.  If,  at  the  same  time,  we  remove  the  rafts  and 
other  obstructions  from  the  net-work  of  connecting  bayous,  it  will  open 
that  entire  section  of  country  to  navigation. 

As  the  total  lift,  at  extreme  stage,  to  be  overcome  is  28.8  feet,  we  will 
have  to  use  two  locks,  each  having  a  lift  of  14.4  feet.  The  locks  pro- 
posed will  be  250  feet  long  and  48  feet  between  walls  of  chambers. 

The  estimates  for  these  locks,  made  by  Mr.  Max  E.  Schmidt,  assistaut  en- 
gineer, and  appended,  are ^ ^199, 951  3S 

Dredging  and  excavating  in  bayon  is 124,  til'i  84 

Dredging  and  excavating  in  Grand  River  is 4*2, 700  46 

Protection  of  bank  of  Mississippi,  5,000  feet,  at  $18 90, 000  00 

Bnilding  dam  in  Old  River 9t>,734  50 

Total  cost  of  Plac|uemine  route 553, 999  16 

As  before  stated  that  Red  River  being  below  the  Mississippi  the  plane 
of  its  slope  has  a  less  inclination  than  that  of  the  Mississippi,  and,  con- 
sequently, the  waters  of  the  latter  were  forced  up  the  former,  and  as 
these  waters  had  no  natural  outlet  other  than  the  Atchafalaya,  they 
would  necessarily  be  backed  up  the  tributary  streams.  During  the  ex- 
treme high  stage  of  water  in  the  Mississippi  we  lind  this  backwater 
extending  to  the  Falls  of  Alexandria  on  the  Red,  and  to  Ouachita  City 
at  mouth  of  Bayou  Bartholomew  on  the  Ouachita,  and  also  up  the  Tensas 
and  Little  rivers,  to  the  great  damage  of  the  lands  along  those  streams. 

Now,  by  the  adoption  of  the  above  plan  we  secure  permanent  low- 
water  navig'ation  at  all  seasons  to  the  trade,  commerce,  and  products  of 
the  Red  and  the  Atchafalaya  rivers  and  the  Attiikapas  country,  and  at 
the  same  time  secure  the  lands  lying  on  the  different  streams  from  danger 
from  overflow  from  the  backwater  due  to  floods  in  the  Mississippi.  The 
navigation  at  low-water  in  the  lower  reaches  of  Red  River  will  also  be 
greatly  improved. 

If,  in  the  plan  for  the  Plaquemine  route,  we  omit  the  dam  in  Old  River, 
we  can  use  the  lock  during  the  low  stage  of  water  (as  Old  River  navi- 
gation will  then  be  interrupted),  and  use  Old  River  during  the  higher 
stages,  which  at  the  same  time  becomes  an  outlet  for  the  waste  water 
from  tne  Mississippi.  During  this  higher  stage  the  gates  in  the  lock  at 
Plaquemine  being  closed,  places  that  locality  in  the  same  condition  as  at 
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present.  The  records  of  the  stage  of  water  show  that,  for  the  past  eight 
years,  there  has  been  an  average  of  150  days  a  year  when  the  water  was 
less  than  12  feet  in  the  river  at  Baton  Eouge,  above  Plaquemine,  and  the 
revolts  may  be  applied  to  that  place  also.  During  such  a  length  of  time 
the  boats  could  pass  through  without  the  trouble  of  locking.  The  objec- 
tions to  this  plan  are,  that  without  the  dam  the  condition  of  affairs  along 
the  tributary  streams  would  be  as  at  present — liable  to  overflow  from 
Mississippi  floods.  The  steamboat  interest  would,  no  doubt,  prefer  the 
latter  plan ;  that  is,  so  far  as  the  Plaquemine  route  is  concerned. 

PLAN  RECOMMENDED. 

As  the  mouth  of  Eed  Ei  ver  is  now  only  navigable  for  a  limited  portion 
of  the  season,  that  is,  during  the  high  and  medium  stages  of  the  Missis- 
sippi, except  when  we  resort  to  dredging,  and  as  this  latter  is  only  a 
temporary  means  of  improvement,  I  ^  onld  recommend  for  the  permanent 
improvement  of  the  channel  the  adoption  of  the  Plaquemine  route,  which 
includes  the  protection  of  the  bank  of  the  Mis8i8sipi>i  at  Plaquemine, 
the  construction  of  the  lock,  the  improvement  of  Grand  River,  and  the 
closing  up  of  Old  River.  The  estimated  cost  of  the  improvement  is 
$553,999.*16,  or,  if  we  omit  the  dam  in  Old  River  and  leave  that  channel 
open  as  an  outlet  and  as  a  navigable  route  at  high  and  medium  stages, 
the  estimated  cost  of  the  improvement  will  be  $457,264.60. 

In  the  arrangement  for  the  lock  at  Plaquemine  there  will  be  some 
trouble  arising  from  the  deposition  of  sediment  at  the  head,  so  that 
arrangements  must  be  made  for  receiving  the  deposit  and  for  the  main- 
tenance and  repairs  of  the  works. 

The  total  lift  at  extreme  stages  of  water  is  28.8  feet,  to  overcome  which 
we  must  use  two  locks,  each  having  a  lift  of  14.4  feet;  the  bottom  of 
both  locks  to  be  6  feet  below  the  low-water  of  the  Mississippi ;  the 
length  of  each  lock  between  gates,  250  feet ;  the  width  of  gate  walls,  48 
feet ;  the  side  or  chamber  walls  between  each  set  of  gates  to  be  con- 
structed of  earth,  the  banks  slox>ing  IJ  to  1,  and  leaving  a  channel  way 
48  feet  wide  and  6  feet  deep  at  low- water;  the  height  of  uyiper  gate, 
middle  gate,  and  connecting  walls,  35^  feet,  and  of  the  lower  gate  and 
connecting  walls  21  ^  feet,  above  the  bottom  of  locks;  the  rise  of  the 
miter-sill  9  feet,  and  the  breadth  of  gate-wing  30  feet. 

To  the  pressure  of  the  water  tlie  upper  and  middle  gates  each  present 
a  surface  of  2,028  square  feet,  and  the  lower  gate  1,194  square  feet. 
The  highest  pressure  per  running  foot  for  the  upper  and  middle  gates  is 
23,326  pounds,  and  for  the  lower  gate  11,250  pounds.  The  location  of 
center  of  pressure  of  the  upper  and  middle  gates  is  13.73  feet,  and  of 
the  lower  gate  7.07  feet,  above  the  bottom  of  locks.  The  moment  of 
overturning  force  in  the  upper  and  middle  gates  is,  for  each,  320,265 
pounds,  and  for  the  lower  gate  79,539  pounds. 

Thickness  of  walls, — The  vertical  faces  will  front  toward  the  chamber, 
and  battering  or  stepping  faces  toward  the  ground;  the  walls  to  be 
constructed  of  rubble  masonry,  the  width  on  top  to  be  4^  feet,  and  on 
the  bottom,  at  the  upper  and  middle  gates,  25  feet,  and  at  the  lower 
gate  16|  feet;  the  foundation,  as  far  as  the  masonry  extends  above  and 
below  each  gate,  to  be  composed  of  a  uniform  layer  of  cement- concrete 
5  feet  thick  for  the  upper  and  middle  gates,  and  4^  feet  thick  for  the 
lower  gate;  the  miter-sill,  socket-stone,  and  the  hollow  quoin  to  be  com- 
X)osed  of  dressed  stone;  buttresses  10  feet  thick  and  40  feet  deep,  com- 
mencing at  the  hollow  quoin,  to  extend  back  at  right  angles  to  the  axis 
of  the  lock  50  feet  for  the  up^  er  and  middle  gates  and  40  feet  for  the 
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lower  gate;  the  gates  to  be  of  the  type  known  as  folding  gates;  to 
constructed  of  yellow  pine  and  oak ;  to  have  three  wickets  for  each  wi 
to  be  moved  by  crabs  placed  on  top  of  the  gate  walls. 

DETAILED   ESTIMATES. 


ing^ 


First  plan. 


I.  For  closing  Lower  OW  River. 

II.  For  closiDK  Middle  Chute  . . . 

m.  For  cloaing  alough 

IV.  For  closing  pocket 

V.  For  cloning  Upper  Old  River. 
VI.  Forpiling 


Total 


WiUows. 


Cords. 

9, 4U4. 19 
805. 05 
949.46 

4,111.87 

5,133.97 


20,294.54 


Stone. 


Piling. 


Cubieyd*.  .  Linear  fi. 
12,66a96  ' 


854.82 
1,28a  99 
5,414.81 
6, 838  14 


27,065.72 


I 


17,568 
17.568 


Cost  of  works  constructed  according  to  the  preceding  estimates : 

20,294.54  cords  of  willow,  at  $2.30  per  cord $46,677  44 

27,065.72  rnbic  yards  stone,  at  $3.50  per  yard •  94,7:W  02 

17,569  linear  feet  of  piling,  at  10  cents  per  foot 1. 756  90 

To  sharpening  500  piles,  at  5  cents  per  pile 25  00 

To  driving  500  piles,  at  90  cents  per  pile 4.50  00 

Dredging  842,072  cubic  yards,  at  15  cents  per  yard 126, 310  80 

Excavating  393,234  cubic  yards  (cut  to  Mississippi  River),  at  15  cents  per 

yard 58,985  10 

328, 9:t5  26 

Add  10  per  cent,  contingencies 32, 893  53 

Total  cost  of  first  plan 361.828  79 

Second  plan. 

New  dredge-boat $40,000  00 

Cost  of  operating  two  dredge-boats  per  season 15, 000  00 

Pl4iquem%ne  route. 

Dredging  and  excavating  in  bayou : 

Dredging  126,609  cubic  yards,  at  15  cents  per  yard $18, 991  35 

Excavating  595,287  cubic  yards,  at  15  cents  per  yard 89, 293  05 

Pulling  snags  and  stumps 5, 0«K)  00 

Add  10  per  cent,  contingencies 11,  :I28  44 

Total 124,612  84 

Dredging  and  clearing  Grand  River: 

Dredging  244,444  cubic  yards,  at  15  cents  per  yard 36, 6(i6  60 

Grubbing  and  clearing  15.2  acres,  at  $10  per  acre 152  00 

Extracting  snags  and  Htumps 2, 000  00 

Add  10  per  cent,  contingencies 3, 881  86 

Total 42,700  46 

Dam  in  Old  River : 

16,493.67  cubic  yards  stone,  at  $3.50  per  yard 57,727  84 

12,326.18  cords  willows,  at  $2.30  per  cord 28,350  21 

11,640  linear  feet  piling,  at  16  cents  per  foot 1,862  40 

Add  10  per  cent,  contingencies 8,794  05 


Total 96,734  50 


825  00 

212  94 

495  00 

228  00 

500  00 
90  00 
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Locks: 
The  estimated  cost  of  apper  gate  is  as  follows : 

Foundations  5  feet  thick  ovdr  entire  lock-pit,  1,511  cubic  yards  concrete, 
at  $rj  per  yard $12,088  00 

Rubble  masonry  for  chamber  walls,  3,384  cubic  yards,  at  $6  per  yard 20, 304  00 

Dressed  stone  for  hollow  quoin  and  initer-sill,  100  cubic  yards,  at  $18  per 
yard 1,800  00 

Buttresses,  extending  50  feet  back  of  hollow  quoins,  1,482  cubic  yards  of 
concrete,  at  $8  per  yard 11,856  00 

Gates: 

Each  wing,  13,750  feet — ^total,  27,500  feet  (board  measure)  of  yellow  pine, 
at$30pfr  1,000  feet 

Each  wing,  3,042  feet — total,  6,084  feet  (board  measure)  of  white  oak,  at 
$35  per  1,000  feet 

For  anchor-iron,  strap  and  angle  iron,  bolts,  nuts,  washers,  and  2  heel- 
posts  and  sockets,  4,500  pounds,  at  11  cents  per  pound 

For  6  cast'-iron  wickets  and  fastenings  (each  3«0  pounds),  2,260  pounds, 
at  10  cents  per  pound 

Machinery  ft>r  working  gates,  including  crabs,  chains,  sheaves,  cast-iron 
rollers,  and  rails 

Two  cast-iron  scouring  sluices,  at  $45 

Total 48,398  94 

The  copstniction  of  the  middle  gate  being  similar  in  every  respect  to 
the  upper  gate,  its  estimated  cost  is  the  same. 
The  estimated  cost  of  lower  gate  is  as  follows: 

Foundation  4^  feet  thick  over  entire  lock-pit,  1,078  cubic  yards  of  con- 
crete, at  $8  per  yard $8,624  00 

Rubble  masonry  for  chamber- walls,  1,200  cubic  yards^  at  $6  per  yard 

Dressed  stone  for  hoUow  quoin  and  miter-sill,  90  cubic  yards,  at  $18  per 
yard   

Bnttrvsses  extending  40  feet  back  of  hollow  quoins,  1,185  cubic  yards  of 
concrete,  at  $8  per  yard 

Gates: 

Each  wing,  8,250  feet— rtotal,  16,500  feet  (board  measure)  of  yellow  pine, 
at  $30  per  1,000  feet \ 

Each  wing,  1,791  feet — total,  3,582  feet  (board  measure)  of  white  oak,  at 
$35  per  1,000  feet , 

For  anchor-iron,  strap  and  angle  iron,  bolts,  nuts,  washers,  and  2  heel- 
posts  and  sockets,  3,000  pounds,  at  11  cents  per  pound 

For  6  cast-iron  wickets  and  fastenings  (each  350  pounds)  2,100  pounds,  at 
10  cents  per  pound y. 

Machinery  for  working  gates,  including  crabs,  chains,  sheaves,  cast-iron 
rollers,  and  rails 

Two  cast-iron  scouring  sluices,  at  $45 

Total 28,624  37 

Earth  excavation  and  auxiliary  work. 

Earth  excavation  is  as  follows: 

Cubic  yards. 

Atnppergate 8,088 

Between  upper  and  middle  gates 16, 910 

At  middle  jrate 9,955 

Between  middle  and  lower  gates 22, 357 

At  lower  gate 9, 038 

For  buttresses 4,149 


7,200  00 

1,620  00 

9,480  00 

495  00 

125  37 

330  00 

210  00 

450  00 
90  00 

Total  amount  of  excavation 70,497  at  50  cents  per  yard..     $35,248  50 

For  1,100  linear  feet  of  coffer-dam,  at  $12  per  linear  foot 13, 200  00 
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Two  lock-gates,  at  $48,398.94 $96,797  88 

One  lock  gate 28,624  37 

Earth  excavation,  70,497  cubic  yards,  at  50  cents  per  yard 35, 248  50 

Coffer-dam,  1,100  linear  feet,  at  $12  per  linear  loot 13,200  00 

Add  15  per  cent,  contingencies 26, 080  61 

Total  cost  of  locks 199,951  36 

RECAPITULATION. 

Dredging  and  excavating  in  bayou $124, 612  84 

Dredging  and  clearing  Grand  River 42, 700  46 

Protection  of  bank  of  Mississippi,  5,000  feet,  at  $18 90,000  00 

Building  dam  in  Old  River 96,734  50 

Two  locks - 199,951  36 

• 

Total  cost  of  Plaquemine  route 553, 999  16 

There  are  forwarded  herewith  the  followiDg  maps  and  drawings  per- 
taining to  the  survey  and  workof  improvement.  The  detailed  drawings 
of  the  lock  at  Plaqaemine  are  being  made,  and  will  be  forwarded  at  the 
earliest  possible  moment : 

Map  of  the  mouth  of  Red  River  and  vicinity,  from  survey  of  1878-79. 
Three  maps  of  the  mouth  of  Red  River  and  vicinity,  viz : 

A.  From  the  survey  of  1805. 

B.  From  the  survey  of  1839,  by  Dunbar. 

C.  Showing  changes  from  1831  (completion  of  Shreve^s  Cut-oflT)  to  1866. 

•Map  of  survey  of  Upper  Grand  River  and  Bayous  Plaquemine  and  Jacob  (1879),  in 
four  parts. 

*  Map  of  lower  part  of  Upper  Grand  River,  from  the  head  of  the  narrows  to  the  foot 
of  Bayou  Plaquemine,  on  an  enlarged  scale. 

•Longitudinal  profile  of  Old  River,  and  Straight,  Middle,  and  Sugar-House  chutes. 

•  Longitudinal  profile  of  Upper  Grand  River,  and  Bayous  Plaquemine  and  Jacob. 

*  Cross-sections  of  Red  River  in  the  vicinity  of  the  mouth,  sections  1-X  and  1-18; 
also,  sections  of  Atchafalaya  River,  Nos.  1  and  2. 

•  Detail  drawing  of  dam  at  the  head  of  TurnbulVs  Island. 

Very  respectfully,  your  obedient  servant, 

W.  H.  H.  Benyaubd, 

Major  of  Engineers. 

Brig.  Gen.  H.  G.  Wright, 

Chief  of  Engineers^  U,  8.  A. 


O  4. 

REMOVING  OBSTRUCTIONS  FROM  RED  RIVER.  LOUISDLNA. 

Operations  were  carried  on  ^ith  the  snag-boat  O.  G.  Wagner,  which 
entered  Bed  River  from  the  Ouachita  in  the  latter  part  of  July  and  con- 
tinued active  work  until  February  of  this  year. 

Comparatively  little  work  was  done  below  the  falls  of  Alexandria,  as 
it  was  deemed  advisable  to  get  the  boat  above  that  obstruction  before 
the  water  became  too  low.  Up  to  the  falls  43  snags  were  removed,  and 
37  trees  cut. 

*  These  maps  are  not  submitted  herewith. 
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Ait^T  getting  above  Alexandria  the  work  was  continuous,  and  each 
of  the  places  named  below  was  worked  as  thoroughly  as  possible: 

Snags  removed. 

Colfax  Bar  and  Cane  River 43 

Hi<l«  Shoal  above  Montgomery 23 

O.  K-Bend 77 

prndehomme  Beud 99 

Tncker^B  Reach  32 

G^rand  Ecor©  Bar  26 

Rock  River  Bend 27 

Oladiola  Bend 144 

CloaoBend 94 

BofiaBar 51 

Oraff's  Bluff 52 

Prom  the  river  at  intermediate  points 712 

Total  nnmber  of  snags  removed  in  Red  River 1, 380 

Total  number  of  trees  cut  in  Red  River 495 

Wrecks  of  barge  at  Closo  Point  and  of  steamer  Glide  below  Campte, 
being  the  only  two  obstructions  of  that  character  in  the  channel  as  far 
up  as  the  boat  worked  (Merrill's  Beach),  were  also  removed. 

As  Red  River  reached  a  lower  stage  than  was  ever  known  before, 
and  thereby  afforded  facilities  for  a  party  to  work  along  the  bed  of  the 
stream  and  remove  the  obstructions  by  cutting  and  sawing  operations,  I 
sent  a  party  from  Shreveport  under  charge  of  George  R.  Wilson,  assist- 
ant engineer,  to  work  down  stream  towards  the  Wagner,  This  party 
commenced  work  in  October,  using  a  portion  of  thfe  plant  belonging  to 
the  old  raft  appropriation,  and  continued  down  the  river  for  upwards  of 
^  miles  to  what  is  known  as  the  narrow  river,  and  to  within  about  10 
miles  of  the  point  reached  by  the  snag-boat. 

The  banks  on  both  sides  of  the  river  for  this  distance  were  cleared  of 
leaning  timber,  and  all  projecting  snags  were  cut  off  or  removed.  The 
water  becoming  too  high  for  effectual  work  with  this  party,  about  the 
middle  of  December  operations  were  suspended  and  the  force  withdrawn. 

During  the  coming  season  it  is  proposed  to  repair  the  snag-boats  and 
place  one  of  them  in  the  river,  and  with  the  new  appropriation  of 
160,000  to  build  a  light-draught  boat  with  special  reference  to  work  in 
Bed  River. 

As  the  work  must  necessarily  be  continuous,  new  obstructions  being 
added  each  year,  it  is  intended  to  apply  the  appropriation  asked  for, 
for  the  fiscal  year  ending  June,  1882,  to  the  operations  of  the  snag-boat, 
the  estimated  cost  of  which  for  eight  months'  work,  including  incidental 
expenses  for  repairs,  &c.,  is  $24,000. 

The  former  appropriations  are  as  follows : 

By  act  approved  June  18,  1878 |25,000 

By  act  approved  March  3,  1879 22,500 

By  Act  approved  .June  14,  1880,  including  cost  of  new  snag-boat 60, 000 

COMMERCIAL  STATISTICS. 

Red  River  is  navigated  mostly  by  the  steamers  belonging  to  the  New  Orleans  and 
Bed  River  Transportation  Company. 

The  amount  ot  freight  carried  during  the  fiscal  year  ending  June  30,  1880,  is  as  fol- 
lows: 

Bales  of  cotton 129,000 

Sacks  of  cotton-seed  (estimated) 170, 000 

Head  of  cattle  (estimated) 19,000 

Sacks  of  oil-cake  (estimated) 24,000 

Sacks  of  oil-meal  (estimated) , 4, 000 

Barrels  of  cotton-seed  oil  (estimated) 4,300 
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There  is  also  transported  a  large  qaantity  of  sugar  and  molasses  from  the  lower- 
Red  River  parishes. 

It  is  estimated  that  at  least  75,000  more  bales  of  .cotton  would  have  been  brought^ 
out  of  Red  River  had  there  been  good  navigation  all  the  season. 

During  the  cotton  season  the  company  send  out  from  New  Orleans  six  steamboat^ 
per  week,  which  carry  on  an  average  l,*-iOO  tons  each  trip  of  general  merchandise  to 
the  Red  River  countrv  and  Texas. 

It  is  estimated  that  this  up-freight  has  been  fully  a  fourth,  if  not  a  third,  greater 
this  season  than  for  several  seasons  past,  owing  to  the  general  revival  of  business  and 
the  good  prices  realized  for  crops.  The  above  works  are  situated  in  the  third  collection 
district  of  Louisiana.    The  port  of  entry  is  New  Orleans. 

Money  statement, 

July  1, 1879,  amount  available |24, 401  01 

Amount  appropriated  by  act  approved  June  14,  18t<0 60,000  00 

$84,401  01 

July  1,  1880,  amouut  expended  during  fiscal  year 24, 401  01 

July  1,  1880,  amount  available W),  000  00 

Amount  that  can  be  profitably  expended  in  fiscal  year  euding  June  30,  1882.     24, 000  W> 


O5. 

IMPROVEMENT  OF  UPPER  RED  RIVER  FROM  FULTON  TO  THE  HEAD  OF 

THE  RAFT. 

The  improveraent  of  this  section  of  the  river  consists  in  removing  the 
snags,  logs,  and  other  obstructions  from  the  bed  and  banks  of  the  river. 
Work  was  commenced  at  Fulton,  Ark.,  in  September,  1879,  witn  a  work- 
ing force  in  charge  of  E.  P.  Lowe,  jr.,  assistant  engineer,  and  with  a 
portion  of  the  plant  belonging  to  the  old  raft  appropriation. 

The  following  amount  of  work  was  accomplished  during  the  working 
season: 


Month. 


o 
bog 


> 


< 


a 


-a 
fee's, 

P 


September 196  2.0by28!    755 

October 872  2.0bv34  1,058 

NovembfT 142  1.7by38i    264 

December I    152 


si 


t 


1.  5  by  60 
1. 8  bv  54 
1.  7  bV  53 
I.  7  by  50 


320 

854 

79 


>  s 
< 


1. 4  by  60 
2. 1  by  68 
2. 0  bv  60 


Total 1,210    1  9by  30  2,229  |  1.7by55      753     1.9by63 


74 

25a 

7» 


¥» 


Of  the  2,229  drift-logs  destroyed,  262  of  them  were  taken  from  the 
drift  above  the  bridge  at  Fulton,  along  with  a  large  quantity  of  small 
drift,  making  a  channel  100  feet  wide  diagonally  through  the  driit,  and 
also  a  channel  75  feet  wide  between  the  drift  and  left  bank. 

Directly  in  front  of  the  railroad  bridge  at  Fulton  a  vast  amount  of 
drift  had  accumulated,  so  completely  blocking  up  the  two  draw  passages 
that  it  was  impossible  for  boats  to  pass.  A  passage  100  feet  wide  was 
cut  through  this  drift  pile  so  that  a  boat  could  pass  the  north  draw  pas- 
sage. It  was  not  deemed  necessary  nor  expedient  to  cut  out  the  entire 
mass,  as  when  the  new  bridge  at  Fulton  is  completed  the  old  bridge  and 
the  drift  pile  will  be  removed. 

With  the  balance  of  the  appropriation  of  March  3,  1879,  and  that  of 
June,  14,  1880,  it  is  proposed  to  continue  the  work.     With  this  amount 
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I  consider  that  we  can  remove  all  the  obstructions  and  place  this  section 
of  the  river  in  a  good  navigable  condition  when  there  is  sufficient  water 
for  the  boats  to  run. 

The  estimated  cost  of  this  improvement  was  $19,560. 

The  appropriations  are  as  follows  : 

By  act  approved  March  3,  1879 $10,000 

By  act  approved  June  14,  1880 10,000 

COMMERCIAL  STATISTICS. 

It  is  estimatexl  that  about  9,000  bales  of  cotton  are  shipped  annually  from  this  sec- 
tion of  the  river,  to  which  should  be  added  a  corresponding  amount  of  return  freight, 
coDsisting  of  merchandise,  supplies,  farming  implements,  &c. 

For  port  of  entry  and  collection  district,  see  report  for  removing  raft 
in  Red  Kiver  and  closing  Tone's  Bayou,  Louisiana. 

Money  statement, 

Juki,  1879,  amount  available $10,000  00 

Amount  appropriated  by  act  approved  June  14,  1880 10, 000  00 

120, 000  00 

July  1, 1880,  amount  expended  during  fiscal  year 5, 776  34 

July],  1880,  amount  available 14,223  66 


O  6. 
MPROVEMENT  OF  THE   OUACHITA  RIVER,  ARKANSAS  AND   LOUISIANA. 

The  snag-boat  Wagner  was  repaired  in  New  Orleans  and  left  that 
port  on  June  3  for  the  Ouachita  Eiver.  The  stage  of  water  above  Monroe 
being  too  low  to  admit  of  operations  being  carried  on  successfully,  work 
was  commenced  at  that  point  and  continued  down  stream.  The  princi- 
pal work  was  done  at  Hopewell  Bar,  Esperance  Bend,  Eutland  Bar, 
andfia^ou  Louis.  Four  hundied  snags  were  removed  and  47  leaning 
trees  cut  down.  The  lower  part  of  the  river  being  in  a  good  condition 
80  far  as  snags  were  concerned,  the  Wagner  was  transferred  to  Red 
Birer  for  a  season's  work. 

Attention  has  heretofore  been  called  to  an  important  improvement 
needed  on  the  Tiower  Ouachita,  viz,  the  rebuilding  of  the  dams  at  Cata- 
houla Shoals.  If  this  work  were  executed,  navigation  would  be  insured 
to  Cohimbia  throughout  the  entire  year. 

For  the  purpose  of  presenting  a  plan  with  estimates  for  the  above  im- 
provement, I  directed  Mr.  W.  C.  Melvin,  assistant  engineer,  after  the 
completion  of  the  survey  at  Natchez  and  Vidalia,  \o  proceed  to  the 
Ouachita  and  make  a  survey  of  Catahoula  Shoals.  His  report  thereon 
will  be  found  annexed. 

The  survey  shows  the  existence  of  three  shoals  at  the  locality  which 
form  the  obstruction  known  as  Catahoula  Shoals ;  and  which  I  have  des- 
ignated respectively  as  shoal  1,  2,  and  3. 

For  the  improvement  of  shoal  No.  1,  the  State  engineers  at  one  time 
constructed  a  dam  so  as  to  confine  the  water  in  a  single  channel  near 
the  right  bank.  This  dam  is  now  partially  destroyed,  and  it  is  proposed 
to  repair  and  rebuild  it,  closing  up  the  above  channel  and  allow  for  a 
passage-way  through  the  middle  of  the  structure.  This  channel-way  is 
the  one  now  used,  the  river  having  broken  through  the  old  dam  at  that 
point,  and  it  seems  to  be  the  natural  channel. 
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At  shoal  Fo.  2,  the  improvement  will  consist  in  removing  some  fe^ 
snags  from  the  channel,  in  protecting  the  left  bank,  and  in  building  ^ 
dike  so  Hs  to  concentrate  the  water  in  a  single  channel. 

At  shoal  No.  3,  and  below,  it  is  only  necessary  to  employ  the  sna^- 
boat  to  remove  snags  and  sunken  logs,  which  extend  from  the  head  o1 
the  shoal  to  a  point  some  1,000  yards  below. 

The  estimated  cost  of  the  improvement  at  shoals  1  and  2  is  $29,934.20 
The  dikes  will  be  built  of  stone,  sufficient  quantities  of  which  can  be 
procured  at  the  locality. 

During  the  coming  season  it  is  intended  to  employ  the  snag- boat  ii: 
continuing  the  removal  of  the  obstructions  in  the  river  and  in  carrying 
on  the  above  mentioned  improvement. 

The  appropriation  asked  for  for  the  fiscal  year  ending  June  30,  1883 
will  be  expended  in  continuing  the  work  as  heretofore  with  the  snas 
boats  and  continuing  the  work  at  Catahoula  Shoals. 

No  detailed  estimates  will  be  presented  for  the  improvement  of  th^ 
Ouachita  with  the  snag-boat,  since  the  nature  of  the  work  must  be  coim 
tinuous  from  year  to  year,  owing  to  the  character  of  the  obstructionJ 
which  each  flood  brings  down. 

Amount  appropriated  March  3,  1871 $51,  (XH 

Amount  appropriated  June  10, 1872 100,  OO* 

Amount  appropriated  March  3, 1873 60,00^ 

Amount  appropriated  August  14, 1876 12, 00^ 

Amount  apjiropriated  June  18.  1878 10, 00^ 

Amount  appropriated  March  3,  1879 10, 00€ 

Amount  appropriated  June  14,  1880 8,  OOC 

The  first  appropriations  were  made  with  a  view  to  the  improvement; 
of  the  river  by  means  of  a  system  of  locks  and  dams,  the  estimated  cost; 
of  which  was  $1,163,083.75,  and  by  operating  with  a  non -propelling 
crane- Doat. 

A  portion  of  the  funds  appropriated  had  been  expended  under  this 
project  for  material,  surveys,  &c.,  when  it  was  abandoned,  and  the  bal- 
ance of  the  funds  was  expended  iu  the  purchase  of  an  iron-hull  snag- 
boat  and  in  operating  it  upon  the  river. 

COMMERCIAI.  STATISTICS. 

From  September  1,  1879,  to  June  24, 1880,  the  following  vessels  navigated  the  Ouachita  Biver, 


■ 

• 
Names  of  vessels. 

1 
Tonnage. 

o 
S 

9 

i 

Kamber  'of 
bales  of  cot- 
ton carried. 

Fred.  A.  Blanks 

810 
377 
297 
485 
338 
225 
........ 

16 

18 

20 

10 

6 

0 

1 

1 

9 

11 

1 

3 

11 

15 

9 

3 

1 

1 

1 

30,372 

John  H.  Hanna 

18.31S 

John  Wilson   

17. 417 

John  Howard    

13.373 

Corona 

10.807 

William  Fasran 

9,436 

D.  Stein - 

«34 

Saint  John   

ett 

Saint  Mary 

Lon 

Tom  Perkins 

'             2.238 

Little  Bob  B    

387 

Biff  Sunflower 

LM8 

Era  No.  10  

5,42S 

Tensas   

4,502 

Clai-aS 

1             7.491 

Katie  P.  Kountz                                                                          .... 

'             2.771 

General  Tomokins 

1                 100 

Gen.  D.  H.  Backer 

L016 

Bed  Cloud -    i 

555 

_-     1 -. 

Total     

'          128.707 
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Id  addition  to  this,  there  is  a  large  quantity  of  miscellaneous  down-freight,  consist- 
ine  of  sacks  of  cotton-seed,  head  oicattle,  whit«-oak  staves,  &c. 

The  valne  of  up- freight,  consisting  of  general  men^handise,  provisions,  &c.,  is  esti- 
mated ftt  ahont  14,000,000. 

The  Ouachita  is  in  the  collection  district  of  Arkansas,  there  being  but  one,  and  in 
thethiid  collection  district  of  Louisiana. 

Money  statement 

July  1,1*^9,  amount  available *...  $14,148  14 

Amount  appropriated  by  act  approved  June  14,  1880 8, 000  00 

|22, 148  14 

July  1, 1880,  amount  expended  during  fiscal  year 8, 017  30 

July  1, 1880,  amount  available $14, 130  84 

Ainoant(e8timated)  required  for  completion  of  existing  project  Catahoula 
Shoals 120,000  00 

Amoantthat  can  be  profitably  expended  in  fiscal  year  ending  June  30, 1882 
at  Catahoula  Shoals  and  expenses  of  snagboat 35, 000  00 


REPORT  OF  MR.   W.   C.   MBLVIN,   ASSISTANT  ENGINEER. 

Catahoula  Shoals,  Xavemher  11,  1879. 

Major:  I  left  Vidalia  on  the  23d  of  October,  1879,  on  the  st«amer  Natchez,  with 
foar  men  and  camp  outfit,  to  make  an  examination  of  the  Catahoula  Shoals  and 
Ticinity,  on  the  Ouachitit  River.  At  the  mouth  of  Red  River  I  reshipped  on  the  small 
iteamboat  Little  Bob  B.,  and  did  not  reach  the  shoals  until  the  morning  of  the  27th. 

Ad  examination  of  the  shoals,  commencing  above  Little  Creek  and  ending  below 

Harrisonburgy  at  the  gravel  shoal  at  the  mouth  of  Tolefero  Bayou,  discloses  a  number 

of  difficult  places  that  will  be  treated  as  they  occur,  commencing  at  the  upper  shoal. 

Id  the  bend  of  the  river  above  Big  Creek  is  found  an  extensive  gravel  bar,  with 

larj^e  rocks  scattered  over  it  that  appear  to  be  the  remaining  parts  of  a  continuous 

layer  through  which  Little  Creek  has  woni  a  channel  to  the  river.     The  south  bank 

of  Little  Creek  ana  the  east  bank  of  the  river  is  a  high,  rocky  blutt*,  and  the  rocks, 

craoibling  and  falling  in  the  water,  have  formed  a  strong  stone  revetment,  protecting 

the  hank  for  several  hundred  yards  below  the  mouth  of  Little  Creek.   Near  the  mouth 

of  Little  Creek  the  blufis  approach  very  close  to  the  water-line;  the  falling  stones 

ofteo  roll  into  the  bed  of  the  river,  forming  a  rocky  shoal  extending  from  shore  to 

ihore.    These  obstructions  cover  about  120  yards  down  from  the  point  of  beginning, 

the  depth  of  wat43r  over  them  being  3  feet  and  more  between  the  rocks.     Nearly  all 

of  these  rocks  are  under  the  surface  of  the  water,  and  more  dangerous  from  the  un- 

ttrtainty  of  their  location. 

From  this  point  to  the  head  of  the  dam  there  is  a  good  depth  of  water,  running 
through  a  clear  channel  to  the  artificial  spur  or  breakwater  protecting  the  head  of  the 
dam. 

On  the  shoal  is  a  channel  50  feet  wide,  averaging  27  inches  deep,  and  very  swift ; 
thi-nce  to  the  foot  of  the  shoal  is  a  varying  depth  of  from  2  to  3  feet.  In  the 
paaaage  through  the  break  in  the  dam  there  is  2  feet  of  water  for  a  width  of  34  feet, 
the  break  itself  being  116  feet,  the  width  of  water  106  feet. 

Through  the  old  channel  around  the  foot  of  the  dam  the  wat^r  depth  varies  from 
3  feet  to  22  inches  in  depth,  the  greatest  depth  being  but  a  few  feet  from  the  shore. 
Below  the  foot  of  t)ie  dam  the  water  shoals  to  14  inches,  npreading  out  fan-like  from 
the  point  of  the  island  to  the  right  bank. 

The  removal  of  some  snags  neariy  opposite  the  foot  of  the  dam  on  the  left  bank, 
lome  of  them  now  out  of  water,  others  under  its  surface,  will  make  this  water- route 
mnch  better  than  one  on  the  right  shore,  it  now  having  a  denth  of  3^  feet  all  the  way 
below  the  head  reef  at  the  break.  On  the  right  shore  the  snoal  water  extends  down 
Dearly  half  a  mile;  on  the  left  it  commences  to  deepen  immediately  below  the  head 
reef,  and  but  for  the  snags  before  mentioned  would  not  offer  any  obstruction  to  a 
cra^  that  could  cross  the  head  reef. 

The  dam  itself,  formed  of  a  zigzag  line  of  loose  stones  extending  from  the  left  shore 
down  until  it  approaches  a  point  141  feet  from  the  right  bank,  is  about  2  feet  above 
the  present  water-surface,  with  a  gravel  bar  formed  on  both  sides  of  it  rising  to 
within  a  few  inches  of  the  top.  The  dam  near  its  upper  end,  for  about  250  feet,  seems 
to  have  been  broken  away  in  several  places  and  the  stones  scattered  below  the  original 
position  ;  between  this  line  and  the  left  shore  is  formed  a  bar  of  gravel  consitlerably 
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\ 
higher  than  the  stoue-work  of  the  dam.     On  this  bar  are  8catterio|^  piles  of  roeli«  \ 
placed  there  by  accident  or  intention,  which  have  formed  a  very  efficient  support   "to  * 
the  main  line  of  breakwater. 

The  spur-dike,  250  feet  above  the  head  of  the  dam,  remains  intact  and  is  now  abofot 
100  feet  below  the  head  of  the  gravel  bar  formed  on  the  outside  of  the  dam,  and  h^K« 
the  surface.line  of  water  between  the  right  shore  and  bar  is  reduced  to  a  width  of  7*6 
feet  and  a  greatest  depth  of  33  inches,  and  rapid  flow 

From  what  has  been  said  and  an  examination  of  the  chart,  sheets  1  and  2,  yon  w  k  11 
comprehend  the  situation  of  the  upper  shoal.     I  may  here  mention  that  a  line  of  t 
same  kind  of  stone  breakwater,  running  from  the  lower  side  of  the  break  and  exten 
ing  to  the  right  or  west  bank  at  a  right  angle  from  the  line  above  it,  will  much  ii 
prove  the  pass  through  the  dam  apd  make  a  permanent  low-water  channel  down  t' 
left  shore.     In  addition  to  this  extension  to  the  old  dam,  the  line  should  be  strengt 
ened  and  raised  about  2  feet,  and  strong  pier-heads  or  revetments  should  be  built  "^ 
both  sides  of  the  water-way  thnmgh  the  dam,  extending  l>elow  for  40  feet. 

The  removal  of  sunken  rocks  at  the  mouth  of  Little  Creek,  the  extension  of  t 
dam,  about  libO  feet  of  new  line  and  repairs  to  the  old  line  above  the  break,  the 
moval  of  15  or  16  snags  from  the  channel  at  and  a  sbort  distance  below  the  f<M)t  of  t  ^Sie 
present  dam  near  east  bank,  will  effect  all  that  can  be  done  to  improve  this  shoal  >»^o. 
1.  It  will  be  noticed  that  all  the  water  passing  down  at  the  present  stage  of  ti  ^e 
river  passes  through  a  channel-way  76  feet  wide  and  a  greatest  depth  of  ;J3  inclK^^^; 
average  depth  of  ^  inches,  entire  cross-section  of  158  feet. 

The  channel-way  through  the  dam  will  be  50  feet  at  bottom,  71.2  at  the  U^ZW'^ 
section,  321  feet;  velocity  of  current  November  1,  1879,  was  6.2  feet  per  second. 

The  volume  of  water  that  can  be  utilized  with  the  wat^r  at  equal  stage  with  >^^o- 
vember  1,  1879,  is  from  the  south  chute  (the  original  channel),  discharging  section  ^^ 
which  is  85  feet,  and  a  velocity  5.8  feet  per  second. 

Throngh  the  break  in  the  dam,  now  the  main  channel,  the  section  is  212  feet,  velc^^ 
ity  6.2  per  second;  by  closing  the  south  chute  and  confining  the  water  to  a  sin^^® 
channel  with  a  mean  width  60  feet,  allowing  for  increased  velocity  and  other  wast?^^ 
we  can  depend  on  a  4-foot  depth  of  water  with  the  same  quantity  of  water  that  wi 
found  during  the  time  of  the  survey  of  the  shoals  in  November,  1879.  It  is  seldoi 
that  the  water  recedes  to  this  low  point.  A  gentleman  who  has  resided  in  this  \\c\rm-^ 
ity  many  years  informs  me  that  the  stream  was  at  its  lowest  point  about  the  26th  c^^ 
October,  that  '*he  had  not  seen  it  so  low  any  time  before  in  his  recollection."  On  m^^ 
gauge  put  up  on  the  26th  October  it  had  receded  nearly  0.3  on  the  1st  of  Noyembeirv 
and  this  I  assiime  to  be  the  low- water  of  1879. 

The  south  wing  of  dam  No.  1,  extending  from  south  bank  at  an  angle  of  60  degreed- 
from  shore  line  and  bearing  downstream,  will  be  342  feet  long,  havinf^  a  mean  hei^h^ 
of  5.3,  mean  width  of  base  25.2,  crown  4  feet,  and  will  require  for  it«  constructios^ 
11,007  cubic  yards  of  stone. 

The  north  wing  of  dam,  having  a  length  of  857  feet,  a  mean  height  3.92,  a  mean  bas^ 
of  19.34,  crown  4  feet,  will  require  1,576  cubic  yards  of  stone. 

For  the  revetment  of  north  bank  between  head  of  dam  and  the  upper  spur-dike,  224 
feet  long,  150  cubic  yards  of  stone  will  be  needed. 

From  the  foot  of  this  shoal,  No.  1,  to  the  head  of  No.  2,  mouth  of  Bayou  Louis,  is  a 
depth  of  water  not  less  than  5  feet,  in  places  reaching  a  depth  of  19  feet. 

From  the  hea<l  of  shoal  No.  2  the  most  of  the  trouble  i-omes  from  snags,  many  of 
them  now  exposed,  but  many  more  of  them  out  of  sight  under  wat-er.  The  paws  at  the 
head  of  the  shoal  is  92  feei.  wide,  the  greatest  depth  of  water  through  it  is  27  inches; 
this  depth  continues  for  about  30  feet,  then  deepens  near  the  east  bank  to  3^  and  4 
feet,  and  but  for  the  snags  in  the  channel  wonld  not  seriously  interfen?  with  the  pas- 
sage of  small  steamboats,  provided  they  havesufficii^nt  power  ti)  st^^m  the  swift  current 
that  runs  here  for  nearly  1  mile.  Since  I  conimencfd  examinations  of  the  channel,  I 
find  it  has  change<l  from  the  beginning  of  the  second  half  mile  below  the  head  of 
shoals,  and  is  cntting  away  the  sand-bars  on  the  wrHt  shore,  and  where  I  then  did 
not  find  water  sufficient  for  the  passage  of  my  large  ski  ff,  I  now  find  ti  feet  of  water;  this 
depth  of  water,  however,  cannot  be  relied  on,  for  every  hard  rain  will  fill  it  up  again 
by  washings  from  shore.  The  channel  on  the  east  shore  will  maintain  itself,  and  a 
snag-boat  would  help  it  very  much  if  used  during  low-water,  for  with  5  feet  more 
water  in  the  river  it  could  not  be  successfully  used,  as  many  of  the  logs  will  then  be 
covered  with  mud  and  sand. 

If  a  project  for  lock  dams  be  ent^Ttained,  this  shoal  is  the  only  place  where  any  good 
eflfect  can  be  found  In  their  use,  and  I  think  the  result  of  constructing  works  of  that 
kind  is  of  doubtful  utility;  the  many  objections  to  placing  works  of  that  kind  in  posi- 
tions where  they  must  be  altogether  under  water  8  months  out  of  the  12  of  every  year 
must  be  evident  enough. 

A  system  of  spur  dikes-projecting  from  the  west  bank  at  an  angle  of  60  degrees  from 
the  shore  line  and  extendiii;;  to  within  100  feet  of  the  east  bank,  forcing  the  wat^r 
through  it,  would  be  economical  and  easy  of  construction.     TJie material  (stone)  for  the  * 
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work  can  be  procnred  from  the  cliffs  on  Sicily  Islands,  at  the  upper  shoal,  about  I^ 
miles  above  toe  place  where  they  are  used. 

Adam  below  the  mouth  of  Bayou  Lonis'will  require  in  the  construction  of  both 
win^s  1,977  cubic  yards  of  stone ;  the  dam  will  consist  of  a  south  wing  extending  from 
aonth  shore  line,  and  bearing  75  degrees  from  it  down  the  stream,  and  a  revetting 
wall  aud  a  confining  wall  215  feet  in  length.. 

About  the  lower  shoal.  No.  3,  below  the  mouth  of  Talefero  Bayou,  not  much  need 
be  said.  There  is  no  trouble  at  the  shoals,  but  immediately  below  them  trouble  is 
found  with  sunkeu  snags.  These  extend  down  about  1,000  yanls,  the  channel  much 
clogged  and  very  cnK)ked.  A  snag-boat  is  the  only  thing  that  can  do  much  good 
here.  A  ledge  of  rocks  commencing  120  feet  from  the  east  bank,  running  down  to- 
wards the  month  of  Talefero  Bayou,  seems  to  have  been  constructed  with  a  view  of 
forring  the  channel  along  ihe  west  shore,  without  success,  for  a  clear  deep  channel 
ruDiidown  the  east  shore  and  a  gravel-bar  closes  the  mouth  of  the  bayou. 

I  will  close  operations  here  in  two  or  thre-e  days. 

River  has  commenced  rising.  Last  night  and  to-day  it  has  risen  5  inches  above  the 
lowest  water  of  the  season.     There  is  now  2^  feet  on  the  bar  at  the  head  of  No.  2. 

ESTIMATES. 

The  cost  of  quarrying  and  delivering  the  tirst  1,000  cubic  yards  of  stone  at  a 
point  convenient  for  loading  in  barges  : 

8K  days'  labor,  at  $1.25  per  day $1, 0.31  25 

(fl5 days'  subsistence,  at  45  cents  per  day 

20  wheelbarrows,  at  $4.50  each 

50  crowbars  and  picks 

Timber,  bolts,  nails,  labor,  &c.,  for  chutes 

Shovels 

1, 950  0*0 
Cost  of  loading  in  barg*'S  and  putting  in  position  in  the  dam,  assuming 
16  cubic  feet  to  be  the  average  day's  work  for  one  man  : 
Wages  and  subsistence,  $1.70  per  day 2, 868  75 

Cost  for  first  1,000  cubic  yards 4,818  75 


:i71  25 

90  00 

112  50 

300  00 

45  00 

Amount  of  cubic  yards  in  No.  1,  2,833: 
To  place  2,833  cubic  yards  in  position,  at  $4.82  per  cubic  yard 13, 655  06 

Amount  of  cubic  yards  in  No.  2,  1,977  : 
To  place  1,977  cubic  yards  in  position,  at  $4  82  per  cubic  yard 9, 529  14 

Total  cost  of  stone  in  place 2:5, 184  20 

To  which  must  be  added  the  cost  of  barges,  superintendence,  transportation,  and 
other  expenses  incidental  to  a  work  of  this  kind. 
Five  barges  witb  a  capacity  for  carrying  20  cubic  yards  of  stone  each,  with 

suitable  tackle  and  other  apparel,  at  $450  each $2, 250  00 

For  other  items  as  named  above 4, 500  00 


Total 6,750  00 


RECAPITULATION. 


Cost  ofstone  laid  in  Dam  No.  1 $13,655  06 

Cost  of  stone  laid  in  Dam  No.  2 9,529  14 

Cost  of  barges 2,250  00 

Cost  of  other  items  as  above 4, 500  00 


Total  for  Nos.  1  and  2 29,934  20 

There  are  in  addition  to  the  dam  work  100  or  more  snags  lying  in  the  channel 
between  the  upper  shoal  and  Bushley  Bayou,  one-half  mile  below  the  town  of  Harrison- 
bars. 

Above  the  shoals,  at  the  mouth  of  Little  Creek,  are  a  number  of  rocks  that  have 
fallen  from  the  cliff  and  rolled  into  the  channel.  A  snag-boat  could  easily  remove 
them. 

Very  reepectfully, 

W.  C.  Mklvin, 
Asaiatani  Engineer^ 
Mj^.  W.  H.  H.  Benyaurd^ 

Cwpg  qf  A'npiMeers,  U.  S,  A, 
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07. 

IMPROVEMENT   OF   YAZOO   RIVER,  MISSIS8IPPL 

Upon  the  completion  of  the  snagboat  John  R.  Meigs,  she  was  se- 
into  the  Yazoo  for  a  short  season's  work  for  the  purpose  of  removin 
snags,  logs,  and  other  obstructions  to  the  stream. 

The  wrecks  of  the  steamers  Star  of  the  West  and  Mary  E.  Keen 
were  first  removed,  and  work  then  commenced  on  the  snags,  logs,  &c 
and  continued  until  January  18, 1880,  when  the  water  became  too  hig 
to  prosecute  the  work  favorably.  A  rack  heap  at  the  mouth  of  Tchol 
Lake  was  also  pulled  out,  and  a  number  of  leaning  trees  cut  down,  ma] 
ing  a  total  of  2,723  cuts  made. 

With  the  appropriation  of  June  14,  1880,  it  is  proposed  to  contini: 
operations  this  coming  season  in  removing  snags  and  other  obstnt 
tions ;  for  that  purpose  one  of  the  light-draught  snagboats  will  be  pi 
in  the  river. 

The  appropriation  asked  for,  for  the  year  ending  June  30,  1882,  wi 
be  expended  in  the  same  way. 

ESTIMATE. 

Eight  months'  expeDses  of  SDagboat,  inchiding  incidental  repairs,  at  $2,500 
per  month $20,  OC 

The  former  appropriations  are  as  follows : 

By  act  approved  March  3, 1873 $40,  OC 

(This  amount  was  applied  to  the  removal  of  eleven  wrecks  sank  in  the 
stream  during  the  operations  of  the  war.) 

By  act  approved  March  3,  1875 12, 00 

By  act  approved  A  iigiist  14,  1876 15,  OO 

By  act  approved  June  18,  1878 25,00 

By  act  approved  March  3,  1879 15, 00 

By  act  approved  June  14,  1880 12,00 

COMMERCIAL  STATISTICS. 

The  Yazoo  and  its  tributaries  are  navigated  by  the  steamers  belonging  to  the  Missie 
sippi  and  Yazoo  River  Packet  Company,  and  by  a  few  independent  steamers,  and  th( 
amount  of  freight  transported  during  the  last  fiscal  year  is  as  follows:  95,135  bales  c 
cotton,  125,000  sacks  of  cotton-seed,  to  which  should  be  added  a  corresponding  amoun 
in  value  of  return  freight,  consisting  of  plantation  supplies  and  general  merchandise 

Yazoo  River  is  in  the  collection  district  of  Vicksburg,  Miss.  The  port  of  entry  i 
New  Orleans,  La. 

Money  statement, 

July  1,  1879,  amount  available $22, 359  66 

Amount  appropriated  by  act  approved  June  14,  1880 , 12, 000  00 

$34, 359  6 

July  1,  18S0,  amount  expended  during  fiscal  year ' 22, 359  6 

July  1,  1880,  amount  available 12,000  0 

Amount  that  can  be  profitably  expended  in  fiscal  year  ending  June  30, 1882 .    20, 000  0 
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O  8. 

IMPROVEMENT  OF  WHITE  AND  SAINT  FRANCIS  RIVERS,  ARKANSAS. 

The  SDag  boat  John  R.  Meigs,  intended  for  these  and  other  rivers^ 
was  finished  in  October,  1879,  and  left  Saint  Louis  on  the  21st  of  the 
same  month.     She  was  first  put  into  the  Yazoo  for  a  short  season's  work. 
In  January  she  was  withdrawn  from  the  Yazoo  and  put  into  the  White 
Biver.    It  being  late  in  the  season  the  river  was  above  its  average 
stage,  and  consequently  the  work  of  removing  obstructions  was  at- 
tended with  more  difficulties  and  uncertainties  than  if  the  water  had 
been  at  a  lower  stage. 

The  Meigs  worked  up  as  high  as  Jacksonport,  which  is  considered 
the  head  of  navigation  for  large  boats,  removing  such  obstructions  a» 
were  in  the  way. 

For  work  on  the  Saint  Francis  I  chartered  the  steamer  General  Milea 
and  barge,  had  the  same  fitted  up,  and  commenced  operations  Novem- 
ber 27,  and  continued  until  January  30,  1880.  Work  was  started  at 
Madison,  and  continued  up  as  high  as  the  mouth  of  Little  River,  with 
the  following  results : 

Trees  cut  down 1, 151 

Snags  rvmoved 130 

Rock  heaps  destroyed 11 

Trees  lyin^jf  along  the  shore  cut  up 50 

Dnring  the  coming  season  it  is  proposed  to  continue  operations  in 
the  White  and  Saint  Francis  with  the  snagboats,  removing  the  obstruc- 
tions, the  running  expenses  of  which  for  ten  months,  including  inciden- 
tal repairs,  &c.,  is  estimated  at  $20,000. 

With  the  appropriation  asked  for  for  the  fiscal  year  ending  June  30, 
1882,  it  is  proposed  to  continue  thei  work  of  removing  obstructions  from 
the  river  with  the  snagboat<*. 

The  former  appropriations  are  as  follows : 

Allotted  from  appropriatioD  for  contingencies  of  rivers  and  harbors  (act  ap- 
proved July  11,  1875i),  for  the  improvement  of  White  River ^10, 000 

Act  approved  March  3,  1871,  for  the  improvement  of  Saint  Fraucis  River,  in 

Arkansas 10, 000 

Act  a]»proved  March  3,  1873,  for  the  improvement  of  White  and  Saint  Francis 

rivers 50,000 

Act  approved  June  18,  1878 40,000 

Act  approved  March  3,  1879 12,000 

Act  approved  June  14,  1880 12,000 

COMMERCIAL  STATISTICS. 

The  cotton  annually  brought  to  market  at  amounts  to  about  35,000  bales,  besides  a 
corre»ponding  amount  of  return  freight. 

For  collection  district  and  port  of  entry,  see  report  for  improving  har- 
bor and  Mississippi  Biver  at  Memphis,  Tenn. 

Money  statement 

July  1,  1879,  amonnt  available $14,011  12 

Amount  appropriated  by  act  approved  June  14,  1880 12, 000  00 

$26,011  12 

July  1,  1880,  amount  expended  during  fiscal  year 14,011  12 

July  1,  1880,  amount  available 12,000  00 

Amonnt  that  can  be  profitably  expended  in  fiscal  year  ending  June  30, 1882.    20, 000  00 
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IMPROVEMENT  OF   WHITE  RIVER,  BETWEEN  JACKSONPORT  AND  BUP- 

FALO   SHOALS,  ARKANSAS. 

This  improvement  was  inaugurated  at  Buffalo  Shoals  by  Major  Sator. 
The  plan  contemplated  at  this  point,  the  construction  of  seven  spar 
dikes  of  stone,  so  located  as  to  pond  up  the  water  in  the  places  of  least 
depth.  At  the  commencement  of  last  season's  work,  three  of  these  pro- 
posed dikes  had  been  completed,  and  the  project  for  the  expenditure  of 
the  appropriation  of  $10,000,  made  March  3,  1879,  contemplated  the 
construction  ot  the  remaining  four. 

The  work  at  Buffalo  Shoals  was  commenced  early  in  September  and 
finished  November  14.     The  exceedingly  low  stage  of  water  in  White 
River  enabled  the  operations  to  be  carried  on  much  more  ecomonicall^ 
than  had  been  anticipated,  and  therefore,  having  a  halance  of  the  a^p* 
propriation  left,  projects  were  submitted  to  the  department,  and  3p* 
proved,  to  continue  the  work  at  the  shoal  places  below.    Accordingly 
the  force  was  moved  down  to  Nellie's  Apron  Shoals,  2  miles  belo'*^? 
where  a  large  and  dangerous  ledge  of  rocks  was  blasted  out.    The  fof^* 
was  then  transported  to  the  rapids,  20  miles  below.    Two  wing-dai^^^ 
were  built  at  this  locality  so  as  to  concentrate  the  water  in  a  single  chs^* 
nel.     Heavy  rains  and  high  water  coming  on,  prevented  any  furtb  ^ 
operations  for  the  remainder  of  the  season. 

There  are  other  shoals  between  Buffalo  and  the  rapids  that  requi 
improving,  but  the  above  work  was  undertaken  at  the  request  of  t 
steamboat  men  as  being  the  worst  place  in  that  stretch  of  the  rive  ^ 
They  express  themselves  pleased  with  the  work,  a«  affording  them  muc  J 
greater  facilities  for  reaching  Buffalo  City.  The  intermediate  sho^ 
places  did  not  present  sufficient  obstacles  to  call  for  any  considerabl-^ 
amount  of  work. 

A  list  of  the  shoal  places  between  Buffalo  City  and  Batesville,  witfc^ 
estimates  for  the  improvement  of  the  same,  was  presented  by  Majo^ 
Suter  in  his  report  for  1876,  as  found  in  Part  I  of  the  Report  of  the  Chie^ 
of  Engineers  for  that  j^ear,  page  625.    If  the  improvement  be  carried 
out  it  will  greatly  facilitate  the  transportation  of  the  productions  of  the 
Upper  White  River  C(>untr3\ 

With  the  appropriation  of  $5,000,  made  by  act  approved  June  14, 
1880,  and  with  the  balance  of  the  old  appropriation,  it  is  proposed  to  con- 
tinue the  improvement  by  building  dikes  at  Samm's  Shoal  and  Fish 
Trap  Shoal  below. 

With  the  appropriation  re<]uired  for  the  fiscal  year  ending  June  30, 
1882,  it  is  intended  to  continue  the  improvement  of  the  worst  of  the 
shoal  places  mentioned  in  the  above-named  report  of  Major  Suter. 

For  details  of  the  work  executed  this  season,  I  beg  leave  to  refer  to 
the  report  of  Mr.  J.  D.  McKown,  assistant  engineer,  who  had  local 
charge  of  the  work. 

The  former  appropriations  are  as  follows : 

By  act  approved  March  3,  1879 $10,000 

By  act  approved  June  14,  1880 5,000 

COMMERCIAL  STATISTICS. 

In  Marlon  County,  Arkansas,  there  was  raised  about  4,000  bales  of  cotton,  two- 
thirds  of  which  was  shipped  by  waeon  to  Springfield,  Mo.,  the  remainder  by  river. 
Nearly  all  the  merchandise  used  in  Uiis  coanty  was  taken  there  by  wagon  from  the 
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rftilroad,  a  dlBtanoe  of  about  100  miles.    Nearly  all  if  not  the  whole  of  this  trade  would 

be  done  by  river  if  it  were  navigable. 
There  are  also  about  5,000  bales  of  cotton  that  would  be  shipped  by  river  from 

Boone  and  Searcy  counties,  Arkansas,  and  Taney  and  Ozark  counties  Mo.,  besides  a. 

surplus  of  wheat,  bacon,  and  corn  that  would  find  its  way  out  by  river  ^m  these 

apper  counties  if  justified  in  doing  so. 
In  Baxter  County,  Arkansas,  about  3,000  bales  of  cotton  were  raised,  one-half  of 

which  was  shipped  by  wagon  to  the  railroad  at  Marsh  field,  Mo. 
There  was  about  400  tons  of  merchandise  brought  into  the  county  during  the  season,. 

nearly  all  of  which  was  by  wa|;on  from  the  raili^ad.    If  White  River  were  navigable, 
all  of  this  trade  would  be  by  nver. 

There  was  carried  by  river  from  Batesville,  Ark.,  to  Newport,  Ark.,  during  the  sea- 
son of  1879-^80,  15,000  bales  of  cotton,  of  which  about  2,000  bales  were  from  Buffalo 
Shoals  and  above,  and  4,000  bales  from  between  Buffalo  Shoals  and  Batesville.  The 
lemaining  9,000  bales  were  transported  to  Batesville,  by  wagon,  from  the  counties 
bordering  on  and  near  the  river. 

For  port  of  entry  and  collection  district,  see  report  for  improving  har- 
bor and  Mississippi  Biver  at  Memphis,  Tenn. 

Money  statement 

Joly  1,1879,  amount  available $10,000  00 

AmoaQt  appropriated  by  act  approved  June  14,  1880 5, 000  00 

$15,000  00 

Jjilj  1, 1880,  amount  expended  during  fiscal  year 7, 786  71 

July  1,1880,  amount  available 7,213  29 

Amoont  that  can  be  profitably  expended  in  fiscal  year  ending  June  30, 1882, 
alao  White  River  between  Jacksouport  and  Buffalo  shoals 20, 000  00 


REPORT  OF  MR.  J.  D.  M'KOWN,  ASSISTANT  ENGINEER. 

United  States  Engineer  Office, 

Memphis,  Tenn.j  March  20,  1880. 

Major  :  I  have  the  honor  to  make  the  following  report  of  work  done  on  White  River 
ibove  Jacksonport,  Ark.,  during  the  past  season  : 

Pareaant  to  lustructions  received  from  you  September  1, 1879, 1  proceeded  to  Buffalo 
Shoals  in  order  to  continue  the  work  commenced  there  in  1878. 

1  fonnd  the  condition  of  the  river  very  low,  said  to  be  the  lowest  water  ever  known. 
The  old  work  was  found  to  be  in  perfect  condition,  having  stood  the  test  of  successive 
riaes  in  the  river  safely.    The  new  work  was  commenced  soon  after  my  arrival,  by 
building  an  extension  of  dam  No.  2,  which  was  carried  out  120  feet  beyond  the  end  of 
the  old  dam,  the  object  being  to  back  the  water  up  still  more  on  the  shallow  ledge 
•bove,  which  was  the  worst  place  on  the  shoals.    Tne  work  was  commenced  on  Sep- 
tember 19,  1879,  and  completed  on  October  9.    The  contents  were  200  cubic  yards  of 
rock.    The  crest  of  the  ledge  was  also  taken  off  by  blasting.    The  result  is  that  now 
hosts  can  pass  in  safety  when  they  can  run  in  the  upper  river  at  all. 

The  next  work  was  on  dam  No.  5,  which  was  commenced  on  October  6  and  com- 
pleted on  Octolier  22.  This  dam  was  180  feet  in  length  and  contained  368  cubic  yards 
of  rock.  The  object  was  to  close  a  chute  on  the  right  bank  through  which  about 
half  the  water  of  the  river  flowed.  Almost  opposite,  a  chute  was  closed  the  year 
before,  so  that  at  present  all  the  water  is  thrown  together  in  the  middle  channel. 
Another  benefit  or  these  dams,  and  one  that  was  contemplated,  is  to  hold  back  the 
water  on  the  shoal  above.  Naturally  the  velocity  of  the  current  is  increased  between 
the  islands,  and  at  some  stages  of  water  the  boats  of  light  power  have  to  pull  through 
with  a  line.  But  as  the  loss  of  time  is  comparatively  small,  and  the  benefit  derived 
bv  being  able  to  pass  down  with  a  good  load  so  great,  that  stcamboatmen  are  well 
pleased  with  the  cnange. 

Dam  No.  7,  running  from  the  left  bank,  was  commenced  on  October  13  and  finished 
on  November  14.  A  small  force  only  was  at  work  there.  Its  length  is  105  feet,  and 
contents  131  cubic  yards.  Work  on  the  dam  running  from  the  right  bank  and  nearlv 
opposite  was  commenced  on  October  23  and  completed  on  November  13,  its  length 
being  201  feet  and  contents  364  cubic  yards  of  rock.  The  original  plan  of  this  dam 
was  to  build  it  out  300  feet  fix>m  the  right  bank,  but  it  was  thought  advisable,  with 
your  approval,  to  change  it  as  above,  iu  order  to  give  pilots  a  better  chance  to  handle 
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their  boats  in  the  swift  water  met  with  there.     It  was  also  more  economical,  and  hel 
the  water  back  as  well  if  not  better  than  on  the  old  plan. 

The  crest  at  the  head  of  the  shoal  was  blasted  off,  also  some  rock  between  the  crw 
and  the  dams.  One  large  rock  was  blasted  out  at  Buffalo  City  which  had  made  it 
river  impassable  at  a  low-boating  stage. 

At  Nellie's  Apron  Shoals,  2  miles  below  Buffalo  Shoals,  a  very  dangerous  ledge  wj 
taken  out,  to  tne  ^reat  relief  of  navigation. 

On  the  aist  of  November  we  moved  down  to  the  Rapids,  20  miles  below  Buffa 
Shoals.  During  the  early  part  of  the  work  there  the  progress  made  was  very  rapic 
but  afterwards  the  rain  and  high-water  retarded  it  very  much. 

Two  dams  were  constructed,  one  from  the  right  bank  to  the  bar,  its  length  bein 
230  feet,  and  containing  179  cubic  yards  of  rock ;  The  other  from  the  bar  to  the  hei 
of  the  island,  520  feet  in  length,  and  containing  910  cubic  vards  of  rock.  All  tl 
water  is  thrown  in  the  main  channel,  so  that  boats  can  pass  whenever  able  to  reach  i 

These  dams,  like  those  at  Buffalo,  are  built  of  rock  and  on  rock  foundation,  with 
width  on  top  of  4  feet,  and  slope  on  upper  side  one  to  one ;  on  the  lower  side,  two 
one. 

The  improvement  of  White  River  is  of  the  greatest  importance  to  the  people  in  tl 
country  bordering  on  the  river,  which  is  almost  wholly  dependent  on  water  transpo 
tation.  The  nearest  railroads  are  the  Iron  Mountain  and  Southern,  on  the  south,  ai 
the  Saint  Louis  and  San  Francisco,  on  the  north,  leaving  a  strip  or  country  230  inil< 
wide  by  the  nearest  wagon  road  between  them. 

Cotton  is  the  staple  product  of  the  country,  and  it  is  only  within  a  few  years  pa 
that  it  has  been  extensively  raised  in  the  upper  country,  but  is  continually  growio 
in  favor.  No  doubt  if  greater  facilities  of  transportation  were  afforded  «n  increasi 
acreage  would  be  cultivated. 

I  would  suggest  as  a  means  of  working  the  river  the  construction  of  two  flat-boa 
that  could  be  fastened  together,  leaving  a  space  between  them,  and  having  a  shea 
with  a  leg  resting  on  each  boat.  Then  with  capstans  for  power,  either  rock  or  snaj 
could  be  raised  out  between  them.  When  constructing  dams  these  boats  could  easi 
be  taken  apart  and  used  for  the  transportation  of  material  to  be  used  in  the  dai 
Such  an  arrangement  would  be  of  light  draught  and  economical,  costing,  probably,  n* 
more  than  $1,500  complete. 

The  value  of  the  improvements  already  made  might  be  enhanced  by  improving  tv 
shoals  above  Buffalo,  viz,  Crooked  Creek  and  Redbud  Shoals.  Both  are  otrock  form 
tion  and  would  require  blasting.  An  examination  would  be  necessary  for  an  est 
mate,  but  it  would  not  be  a  large  one,  probably  not  to  exceed  |2,000  for  both  place 
This  would  give  an  outlet  to  the  country  above  Mountain  Home  and  Yell vi He.  i 
present  boats  do  not  often  go  above  Budalo  when  it  is  possible,  as  they  could  not  pa 
the  Crooked  Creek  Shoal  5  miles  above. 

However  it  is  probably  of  more  impoi*tance  to  continue  the  improvement  from  tl 
rapids  down  the  stream,  as  there  are  many  shoals,  both  of  rock  and  gravel  formatio 
which  could  be  improved  so  as  to  allow  boats  to  pass  up  the  river  at  a  much  low 
stage  of  water  than  is  possible  with  the  stream  in  its  present  condition. 

I  have  the  honor  to  inclose  herewith  maps  of  Buffalo  Shoals,  Nellie's  Apran  Shoal 
and  of  the  Rapids,  showing  the  improvements  made  up  to  the  present  time. 
Very  respectfully,  your  obedient  servant, 

J.  D.  McKowN, 
A99i8tant  Enffitteer, 

Maj.  W.  H.  H.  Benyaurd, 
Corps  of  EngineerSy  U,  S.J. 


O  10. 

IMPROVEMENT  OF  WHITE  RIVER  ABOVE  BUFFALO  SHOALS,  ARKANSA 

An  examiuation  of  this  portion  of  White  River  was  made  in  1871  ar 
1872,  by  Mr.  Alouzo  Livermore,  assistant  engineer,  and  under  diiectic 
of  Lieutenant-Colonel  Raynolds.  The  report  thereon  will  be  found  : 
the  reports  of  the  Chief  of  Engineers  for  those  years. 

The  total  estimated  cost  of  the  improvement  was  $101,220. 

Work  on  White  River  has  been  carried  on  during  the  past  two  yea 
at  Buffalo  Shoals  and  below,  and  in  order  to  make  the  work  in  the  t^ 
sections  continuous  it  is  proposed  to  improve  the  shoal  places  imme<] 
dtaJj  above  Buffalo. 
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Before  commencing  operations,  however,  it  is  proposed  to  make  an 
examination  of  this  immediate  locality,  and  determine  more  definitely 
the  nature  of  the  obstructions  and  the  best  means  to  improve  the  same. 

For  commercial  statistics  see  report  for  improving  White  River,  Ar- 
kansas. 

•  For  collection  district  and  port  of  entry,  see  report  for  improving  har- 
bor and  Mississippi  Eiver  at  Memphis,  Tenn. 

Money  statement, 

Amonnt  appropriated  by  act  approved  June  14,  1880 $20, 000  00 

Julyl,  lb8U,  amount  ayailable 20,000  00 


O  II. 

IMPROVEMENT   OF  SAINT  FRANCIS  RIVER   BETWEEN  WITTSBURG  AND 

LESTER  LANDING. 

This  work  is  but  a  continuation  of  that  heretofore  carried  on  apon  the 
Saint  Francis,  and  will  consist  of  the  removal  of  the  obstnictions  to 
navigation  in  the  shape  of  snags,  logs,  leaning  timber,  &c.  For  this 
purpose  one  of  the  light-draught  boats  will  be  used. 

In  the  act  making  the  appropriation,  Wittsburg  was  put  down  Wilkes- 
hurg.  As  there  is  no  such  place  on  the  river  I  have  inserted  the  proper 
name. 

For  commercial  statistics,  see  report  for  improving  White  and  Saint 
Francis  rivers,  Arkansas. 

For  port  of  entry  and  collection  district,  see  report  for  improving 
harbor  and  Mississippi  Biver  at  Memphis,  Tenn. 

Money  statement 

Amoont  appropriated  by  act  approved  Jime  14,  1880 $5,000  00 

July  1,1880,  amount  available 5,000  00 


O    12. 

IMPROVEMENT  OF  L'ANGUILL^  RIVER,  ARKANSAS. 

There  being  so  many  demands  for  the  snagboat  and  the  dredgeboat 
I  had  intended  putting  into  the  UAnguille  and  adjoining  streams, 
<x>mbined  with  the  appearance  of  the  yellow  fever  in  this  section  of  the 
country,  that  I  was  unable  to  carry  out  the  project  last  season  for  the 
improvement  of  the  L'Anguille,  and  I  therefore  reserved  the  appropria- 
tion for  wol-k  during  the  coming  season,  which  will  be  carried  out. 

The  two  appropriations  combined  will,  I  believe,  be  sufficient  to  place 
the  stream  in  good  navigable  condition  for  several  years,  and  therefore 
no  farther  appropriation  is  asked. 

The  appropriations  have  been  as  follows  : 

By  act  approved  June  18,  1878,  expended  in  building  snag-boat |10, 000  00 

Bj  act  approved  March  3, 1879 5,000  00 

Bf  met  approved  June  14,  1880 2,000  00 

COMMERCIAL  STATISTICS. 

There  is  brought  out  of  the  L^An^uiUe  About  2,500  bales  of  cotton  annuaWy,  axi^ 
when  the  unprovewent  of  the  river  ia  completed  a  iarge  quantity  that  iauov?  B^\ipp^ 
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by  railroad,  and  also  hauled  to  the  Saint  Francis,  will  be  bronght  out  by  the  steam- 
boats. 

Money  statement. 

July  1,  1879,  amount  available $5,084  17 

Amount  appropriated  by  act  approved  June  14,  1880 2, 000  00 

17, 084  17 
July  1,  1880,  amount  expended  during  fiscal  year 8015 

July  1,  1880,  amount  available 7,004  02 


O  13. 

IMPROVEMENT  OF  BIG  SUNFLOWER  RIVER,  MISSISSIPPI. 

It  was  iotended  at  first  to  put  one  of  the  light-draaght  snagboats  int» 
this  river  for  a  season's  work,  but  as  the  boats  were  employed  on  the 
other  streams,  and  as  it  was  desirable  that  some  work  should  be  done 
on  the  Sunflower  at  an  early  day,  so  as  to  facilitate  the  early  movement 
of  the  crops,  authority  was  granted  to  charter  a  light-draught  steam- 
boat, fully  equipped,  and  operate  with  her  in  removing  snags,  logs,  and 
other  obstructions.  Accordingly  the  Deer  Creek  was  hired,  and  opera- 
tions commenced  with  her  on  September  11, 1879,  and  continued  until 
the  end  of  November, 

Surveys  were  also  made  of  Oliphant's  Bar  and  Mussel  Shoals  witii  a 
view  to  the  improvement  of  these  two  places  by  a  system  of  brush 
wing  dams.  These  places  are  the  only  ones  along  the  river  where  any 
construction  of  such  a  nature  need  be  attempted.  As  the  water  was  at 
a  very  favorable  stage  for  operations  at  the  time  the  sun^ey  was  finished, 
work  upon  the  wing-dams  was  immediately  commenced. 

The  effectiveness  of  the  improvement  of  Oliphant's  Bar  may  be  judged 
from  the  fact  that  where  formerly  but  18  inches  of  water  could  be  found 
on  the  shoals,  there  is  now  something  like  3  feet.    The  boats  now  navi 
gating  the  Sunflower  can  go  through  without  interruption,  when  for- 
merly, during  the  low  stage  of  water,  they  were  detained  several  days* 

During  the  coming  season  it  is  proposed  to  continue  the  removal  of 
snags,  &c.,  and  the  improvement  of  Mussel  Shoals.  The  latter  will  be 
by  a  series  of  brush  wing-dams- like  at  Oliphant's  Bar,  but  in  addition^ 
as  the  bottom  is  composed  of  a  layer  or  crust  of  hard  material,  means 
will  be  employed  to  break  up  the  bottom  so  as  to  allow  the  increased 
current  to  carry  the  material  off. 

The  appropriation  asked  for  for  1882  will  be  exi>ended  in  the  same 
way. 

Previous  to  the  operations  on  the  river  by  the  government,  the  Vicks- 
burg  and  Sunflower  Packet  Company  employed  a  force  in  improving  the 
river  by  removing  snags  and  cutting  down  the  leaning  timber.  The 
Deer  Creek  commenced  work  at  the  point  left  oflf  by  the  Packet  Com- 
pany. James  M.  Searles,  assistant  engineer,  had  charge  of  the  work  of 
improvement  and  surveys,  and  the  following  extracts  from  his  reports 
will  give  the  nature  and  extent  of  the  operations : 

September  14. — We  are  now  working  at  the  head  of  Mussel  Shoals,  43  miles  from  the 
mouth  of  the  river. 

September  21. — Up  to  this  date  200  logs  and  snags,  the  worst  ohstructions,  have  heen 
removed,  and  the  most  of  th^m  placed  in  such  positions  as  to  form  effectual  wing- 
dams.  The  result  of  these  removals  has  been  an  increased  current  velocity,  and  a 
rapid  washing  away  of  sandy  accumulations.    At  shoal- water  places,  where  tne  logs 
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within  the  bed  of  the  river  were  insufficient  in  number  for  the  building  of  wing-dams^ 
mcau  trees  were  felled  from  the  bank  and  dragged  into  the  stream.  This  timber  is 
lonndin  great  abundance  immediately  along  the  oanks  of  the  river^  and  as  it  has  the 
favorable  characteristics  of  heavy  specific  gravity  and  umbrageous  growth,  it  is  admi- 
rably suitable  for  wing-dam  purposes.  We  are  now  at  the  head  of  Dewberry  Island, 
about  50  miles  above  the  mouth  of  the  ri  ver.  From  this  point  up,  about  25  or  30  miles, 
navif^tion  is  comparatively  easy,  there  being  but  few  logs  or  snags  in  the  way ;  from 
thence  throughout  the  upper  re^ch  of  the  river  the  worst  obstructions  are  to  be  found. 
September  fe. — I  have  mentioned,  in  previous  reports,  the  making  of  wing-dams 
with  trees  felled  from  the  bank.  These,  I  have  observed,  are  quite  ef^tive  in  increas- 
ing the  depth  of  water  where  the  bed  of  the  river  is  of  soft  material  or  light  sand.  Sueh 
constraction  is  of  an  open  character,  admitting  the  passage  through  it  of  too  much 
water,  and  would  be  of  no  utility  in  nard-bottom  places.  I  would,  therefore,  respect- 
folly  snggest  that  I  be  supplied  with  sawed  cypress  lumber  (8-inch  square  piling 
and^inch  plank)  to  be  used  at  places  where  close  wing-dams  may  be  required.  The 
piling  need  not  be  longer  than  8  or  10  feet.  It  would  also  be  necessary  to  employ  a 
rake,  alter  constructing  the  close  wing-dams,  that  the  hard  bottom  might  be  broken 
op,  and  thereby  augment  the  current  action  on  the  bed  of  the  stream. 

NoveBiber  5. — The  construction  of  the  wing-dams  is  rapidly  and  favorably  projg^ress- 
ing,  one  already  completed  and  another  begun.  The  finished  one  measures  132  met  in 
leiu;th.  It  was  built  with  16  4  by  4  inch  piles,  driven  from  8  to  10  feet  in  sand  and  blue 
mud  with  a  100-pound  hammer.  The  sheeting  is  of  2-inch  plank,  driven  to  an  average 
depth  of  about  6  feet.  The  steamer  Deer  Creek,  drawing  2^  feet  large,  passed  up  and 
down  by  the  dam,  floating  down  and  passing  up  without  pulling.  The  original  chan- 
nel-depth was  about  18  inches.  Should  the  dam  resist  heavy  scouring  (and  I  do  not 
doabt  that  it  will,  as  the  sheeting  extends  from  4  to  5  feet  below  the  be^  of  the  sand), 
it  may  be  that  new  bars  will  form  at  some  points  in  the  channel- way  below.  Should 
this  occur  they  can  be  removed  by  similar  means. 

Sowmber  21. — The  work  at  01iphant*s  Bar  was  completed  on  last  Wednesday,  by  the 
bailding  of  10  wing-dams.    There  is  now  an  average  channel-depth  of  3  feet. 

The  steamers  Deer  Creek  and  Little  P  passed  from  the  foot  to  the  head  of  the  bar 
witboQt  putting  out  a  line.  I  am  now  at  work  at  Mussel  Shoals.  The  river  is  still 
Ter>'  low,  and  I  hope  to  deepen  the  water  on  the  worst  places  for  navigable  purposes 
before  the  comiu^  of  a  river  rise.  A.s  yet  there  has  baen  no  appreciable  ris3  in  the 
rirer  either  at  this  place  or  at  OliphanVs. 

The  smrvey  of  Olipnant's  Bar  and  Mussel  Shoals  being  completed,  I  have  discharged 
the  party  on  their  return  to  Vicksburg. 

If  it  be  your  intention  to  have  a  complete  survey  of  the  river  made,  I  would  sug- 
gest that  you  order  a  continuance  of  the  present  survey,  inasmuch  as  the  water  is  now 
very  low,  and  will  probably  remain  so  for  six  weeks  or  two  months,  at  least  sufficiently 
90  to  permit  of  eady  triangulation  near  the  river  surface.  I  think  it  would  be  well  to 
have  a  sarvey  of  what  is  known  as  the  Crooked  River,  a  stretch  of  about  23  miles, 
connectiDg  Oliphant's  Bar  and  Mussel  Shoals.  This  work  could  be  done  now  very 
conveniently. 

December  1. — In  fulfillment  of  your  instructions,  the  work  of  the  steamer  was  discon- 
tinued on  the  evening  of  the  27th,  and  her  captain  ordered  to  return  her  forthwith  to 
Captain  Parisot  or  his  agent  at  Vicksburg. 

In  reference  to  the  construction  of  the  lumber  wing-dams,  the  shallowness  of  water- 
depth  at  Oliphant's  Bar  and  Mussel  Shoals  indicated  these  two  places  as  the  very 
worst  obstructions  to  the  navigation  of  the  river,  and  as  the  commerce  of  the  country 
and  the  extreme  necessities  of  the  planting  community  called  for  immediate  relief,  I 
thoaght  that  it  could  be  most  speedily  and  eo3nomically  given  by  devoting  the  time 
of  the  low-water  season  to  the  improvement  of  the  bar  and  shoals  by  close  lumber 
wing-dams. 

No  more  time  was  expended  in  their  constraction  than  was  absolutely  necessary  to 
icoomplish  an  effective  result.  No  work  of  this  character  could  be  done  at  these  places, 
which,  serving  a  temporary  purpose,  would  not  produce  a  radical  and  permanent  im- 
provement of  the  channel;  and  this  is  obvious  from  the  fact  that  every  wing-dam  has 
be«n  strengthened  by  a  heavy  accumulation  of  sand  and  other  material  on  the  down- 
stream side. 

Lhotmber  30. — In  submitting  this  as  a  final  report  on  the  survey  and  improvement 
operations  which  have  been  recently  conducted  on  the  Sunflower  River,  I  can  only 
add  to  the  several  reports  which  I  addressed  you  from  time  to  tjme  during  the  prog- 
ress of  the  work  an  earnest  recommendation  that  it  be  continued  during  the  next  low- 
water  season.  This  recommendation  is  suggested  b^  a  consideration  of  the  absolute 
improvement  which  has  been  eflected  in  the  navigation  of  the  stream  by  the  removal 
of  logs  and  snags  (the  number  being  640  from  the  date  of  commencement  under  your 
orders)  and  the  building  of  the  wing-ilams,  the  positions  of  which  are  shown  on  the 
map. 
The  bed  of  the  river  in  the  Oliphant's  Bar  reach  is  of  a  soft  siliceous  chaxactet)  an^ 
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is  readily  cut  out  by  tlie  erection  of  a  wing-dam  of  the  simplest  construction.  Those 
made  of  sawed  lumber  consisted  of  4  by  4  inch  piling,  driven  to  depths  varying  from 
6  to  15  feet  with  a  hundred-pound  hammer,  at  distances  apart  of  8,  10,  and  12  feet.  The 
tops  of  the  pile  pieces  were  connected  together  by  a  side  stringer  of  2  by  12  inch  plank^ 
secured  by  60-penny  nails. 

The  sheeting  was  placed  vertically,  being  leveled  on  the  top  edge  to  insure  close 
contact,  and  (friven  with  hand  mauls  to  depths  of  from  3  to  t>  feet  below  the  bed.  The 
tops  of  the  sheeting  were  nailed  to  the  string  pieces.  The  effectiveness  of  the  work 
was  demonstrated  by  the  Sunflower  paeket-boats  passing  over  the  bar,  throughout  its 
entire  length,  without  a  single  detention  and  at  a  time  when  there  was  no  rise  in  the 
river. 

Before  t^e  construction  of  these  works,  steamers  were  detained  on  the  bar  for  three 
or  four  days.  Though  the  dams  are  built  of  light  material,  they  must  necessarily 
serve  a  permanent  purpose,  as  they  now  have  a  sustaining  wall  ou  the  lower  side, 
formed  oy  the  natural  accumulations  of  earthy  material.  The  work  of  wing-damming 
Mussel  Shoals,  which  was  but  begun  at  the  time  of  discontinuance  of  work,  should  be 
carried  on  at  another  favorable  low-water  season.  Three  lumber  dams  were  con- 
structed in  this  shoal,  but  proved  ineffective  in  cutting  out  the  hard  bed.  As  was 
suggested  in  a  former  report,  this  work  should  be  supplemented  by  a  raking  process 
that  would  cut  into  the  bed  crust,  and  thus  facilitate  the  removing  power  of  tne  wing- 
dams.  The  navigation  of  what  is  known  as  the  Crooked  River,  a  distance  of  18  miles 
between  Silver  Creek  and  Choctaw  Landing,  can  be  much  improved  by  the  removal 
of  the  lo^s  which,  during  a  low- water  stage,  so  seriously  obstruct  it. 

There  is  so  manifest  an  appreciation  on  the  part  of  the  rivermen  and  planters  along 
the  Sunflower  River  of  the  good  you  have  done  them  within  the  limited  time  of  your 
operations,  and  on  my  own  of  the  means  with  which  you  have  at  all  times  so  promptly 
furnished  me  for  the  carrying  out  of  your  instructions,  that  I  must,  in  their  and  my 
own  behalf,  give  it  in  this  communication  most  grateful  expression. 

COMMERCIAL  STATISTICS. 

During  the  season  the  steamer  Sunflower,  belonging  to  the  Parisot  Line,  made  reg- 
ular trips  in  this  river,  and  occasional  trips  were  made  by  other  boats. 

The  following  is  the  amount  of  cotton,  &c.,  brought  to  Vicksburg  by  these  boatA: 
15,817  bales  of  cotton ;  25,000  sacks  cotton-seed.  To  this  should  be.added  a  correspond- 
ing amount  in  value  of  return  freight,  consisting  of  plantation  supplies  and  merchan- 
dise of  all  kinds. 

The  uncertainty  of  navigation  in  this  stream  compels  a  number  of  planters  on  the 
upper  river  to  haul  their  cotton  to  the  Mississippi,  which  otherwise  would  go  down 
this  river,  and  it  is  estimated  that  the  shipments  will  be  twice  the  amount  of  the  pres- 
ent movements  when  the  improvement  of  the  navigation  is  completed. 

The  estimated  cost  of  the  improvement  of  this  river  was  :^,()C0. 

The  former  appropriations  are  as  follows : 

By  act  approved  March  3, 1879 - ^,000  00 

By  act  approved  June  14, 1880 8,000  00 

For  port  of  entry  and  collection  district,  see  report  for  improving 
Yazoo  River,  Mississippi. 

Mcney  statement 

July  1,  1879,  amount  available |20,000  00 

Amount  appropriated  by  act  approved  June  14,  1880 8, 000  00 

$28,000  00 

July  1,  1880,  amount  expended  during  fiscal  year 9, 611  68 

July  1,  1880,  amount  available 18,388  32 

Amount  (estimated)  required  for  completion  of  existing  project 38, 000  00 

Amount  that  can  be  profitably  ex]>ended  in  fiscal  year  ending  June  30, 1882.     10, 000  00 
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O  14. 

IMPROVEMENT  OF  TALLAHATCHEE  RIVER,  MISSISSIPPI. 

The  United  States  steamer  Thomas  B.  Florence  was  sent  to  the  Tal- 
lahatchee  River  in  September  with  a  working  force  for  the  puqjose  of 
removing  the  obstructions  to  navigation.  These  consisted  principally 
of  logs  and  leaning  timber. 

The  banks  were  cleared  to  within  about  20  miles  of  Sharkey's,  which  is 
regarded  as  the  head  of  navigation. 

The  work  seems  to  have  given  general  satisfaction  to  the  steamboat 
interests,  and  greatly  facilitates  the  shipment  of  the  products  of  the 
country.    The  work  executed  is  as  follows : 

NDinber  of  trees  cut  down 19,444 

Nnmber  of  trees  girdled 5,937 

The  report  of  Capt.  John  J.  Barry,  in  charge  of  the  work,  is  appended. 

At  the  time  the  first  examination  of  the  Tallahatchee  and  Cold  Water 
rivers  was  made  the  water  was  quite  high.  To  obtain  more  information 
upon  the  river,  and  also  upon  the  necessity  of  continuing  the  improve- 
ment, I  sent  Mr.  Joseph  Bumey,  assistant  engineer,  to  reexamine  the 
River.  He  started  in  at  the  headwaters  of  the  Cold  water,  and  continued 
down  through  the  Tallahatchee.  His  report  will  be  found  appended  to 
that  on  the  Coldwater. 

During  the  coming  season  it  is  proposed  to  operate  as  before  in  re- 
moving the  obstructions  from  the  river.  A  force  will  work  between 
Batesville  (on  the  Upper  Tallahatchee)  and  the  mouth  of  the  Coldwater, 
and  another  from  this  latter  point  to  the  junction  with  the  Yazoo. 

The  estimated  cost  of  the  improvement  of  this  river  was  $40,000. 

The  former  appropriations  are  as  follows : 

By  act  approved  March  3,  1879 $6,000  00 

By  act  approved  JuDe  14,  1880 9,000  00 

For  collection  district  and  port  of  entry,  see  report  for  improving 
Yazoo  Biver,  Mississippi. 

COMMERCIAL  STATISTICS. 

The  Tallahatchee  is  a  stream  of  coosiderable  importance,  the  principal  production 
aloDff  its  shores  being  cotton,  of  which  great  quantities  are  produced,  and  which  has 
no  otner  ontlet  to  a  market  but  through  the  Tallahatchee  to  tiie  Yazoo,  and  from  there 
to  Vicksbnrg,  where  it  is  reshipped  to  New  Orleans  and  other  ports. 

There  are  quite  a  number  of  prosperous  little  towns  scattered  along  its  banks,  all 
being  of  more  or  less  importance  as  shipping  points,  and  having  some  of  the  finest 
cotton-producing  lands  in  the  State  of  Mississippi  t-o  support  them. 

There  is  a  line  of  steamers  that  do  a  yearly  ousiness  in  the  Tallahatchee,  going  as 
ha  as  Sharkey's  Landing,  and  the  probabilities  are  that  they  would  make  occasional 
trips  into  the  Coldwater  If  the  river  above  Sharkey's  was  in  good  navigable  condition. 
Aa  it  is,  the  planters  along  the  banks  of  the  Coldwater  and  Upper  Tallahatchee  have 
to  haul  their  cotton  a  long  distance  before  they  can  ship  to  any  outside  market,  and 
have  to  do  the  same  when  receiving  any  return  freight. 

The  country  as  a  general  thing,  from  the  month  of  the  Tallahatchee  to  Sharkey's 
Landing,  is  well  settled  by  white  and  black,  and  there  is  also  considerable  waste  land 
that  would  probably  become  settled  if  there  were  good  river  transportation  f'>r  the 
produce  of  the  country. 

Money  statement. 

July  1,  1879,  amount  available $6,000  00 

Amount  appropriated  by  act  approved  June  14,  18b0 9, 000  00 

$15, 000  00 

July  1,  1880,  amount  expended  during  fiscal  year 4,177  00 

July  1, 1880,  amount  available 10,823  00 
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Amoimt  (estiinated)  required  for  completion  of  existing  project |25, 000  00 

Amount  that  can  be  pron tably  expended  in  fiscal  year  ending  June  30, 1882 .     10, 000  00 


RKPORT  OF  CAPT.  JOHN  J.  BARRY. 

UxiTKD  States  Steamer  T.  B.  Fix)rence, 

Tallahatchee  Biter. 

Major:  The  steamer  T.  B.  Florence  arrived  in  Tallahatchee  River  on  the  morning 
of  September  18,  with  everything  pertaining  to  the  boat  in  good  order,  and  work  was 
commenced  immediately. 

We  found  the  river  in  rather  an  unnavigable  condition,  on  account  of  obstructions 
in  the  way,  consisting  of  leaning  timber,  the  timber  leaning  from  both  banks.  The 
river  being  only  of  moderate  width  at  an  ordinary  sta^e  of  water,  that  with  it«  short 
points  maKes  the  leaning  timber  more  of  an  obstruction  to  navigation  than  in  other 
rivers  where  there  is  more  space  from  bank  to  bank.  The  stage  of  water  was  8ome« 
what  high  but  declining  fast. 

The  amount  of  work  done  from  September  18  to  30  was  1,955  cuts  made  and  275  trees 

firdled.  A  great  many  cut>s  are  made  of  which  there  is  no  record  kept,  the  timber 
eing  too  small  to  allow  of  their  being  classed  as  cuts,  but  nevertheless  they  require 
both  time  and  trouble  and  are  almost  as  necessary  to  open  successful  navigation  as 
others  that  are  larger.  For  instance,  if  the  limbs  are  not  cut  from  a  large  tree  after  it 
is  cut  down,  it  woiud  meet  with  other  obstructions  in  the  river,  and  in  any  small  river 
where  there  is  much  cutting  to  be  done  it  would  eventually  form  itself  into  a  raft, 
whereas  when  the  limbs  are  cut  it  will  float  out  more  successfully. 

The  work  of  cutting  timber  progressed  from  day  to  day  until  the  20th  of  October, 
when  we  had  reached  a  point  30  miles  up  the  river,  making  the  portion  we  had  gone 
over  safe  for  steamers  to  navigat-e,  as  far  as  the  danger  from  leaning  timber  was  con- 
cerned. 

At  this  point  the  stage  of  water  was  extremely  low,  while  the  banks  on  both  sides 
were,  if  anythiug,  in  a  worse  condition  than  the  portion  of  the  river  we  had  passed 
over,  there  being  almost  a  continual  growth  of  leaning  timber  that  required  cutting, 
as  iu  some  places  it  was  nearly  impossible  for  steamboats  to  navigate  with  safetv. 

From  October  20  to  November  1  we  cut  a  distance  of  10  miles,  making  a  total  of  40 
miles  which  had  been  cut  from  the  mouth,  or,  iu  other  words,  from  the  Yazoo  River. 
Froui  this  point  up  the  banks  were  in  much  better  condition,  the  leaning  timber  not 
interrnpting  navigation  enough  to  do  it  any  serious  injury.  The  river  was  very  low 
and  t^till  declining. 

Ou  November  10  we  moved  up  to  within  40  miles  of  Sharkey's  Landing,  that  being 
considered  the  head  of  navigation  on  the  Tallahatchee  River,  and  about  50  miles  from 
the  mouth  of  Coldwater. 

Below  Sharkey's  for  some  distance  we  cut  only  the  worst  portions  of  the  river  as  the 
season  was  growing  late  and  our  object  being  to  accomplish  as  much  general  good  as 
possible  in  the  time  allotted. 

After  working  in  this  part  of  the  river  for  about  t«n  days,  we  started  for  the  Cold- 
water,  a  distance  of  70  miles  from  where  we  were  then  working,  at  which  place  we 
arrived  November  22. 

Our  trip  through  the  Tallahatchee  from  Sharkey's  Lauding  to  Coldwater  was  through 
a  stretch  of  very  bad  river. 

For  30  miles  above  Sharkey's  Landing  it  is  almost  impossible  for  steamboats  to  navi- 
gate, the  leaning  timber  nearly  meeting  each  other  as  it  leans  over  frt>m  both  banks, 
and  at  any  stage  of  water  it  is  next  to  impossible  for  boats  of  any  dimensions  to  ffet 
through  into  the  Coldwater.  The  other  portion  of  the  Tallahatchee  above,  and  this 
side  of  the  mouth  of  the  Coldwater,  is  in  much  better  condition,  being  wider  and  more 
free  from  obstructions  of  any  description. 

There  is  also  a  portion  of  the  river  below  Sharkey's  Landing,  about  16  miles,  which 
was  left  uncut  for  want  of  time,  and  which  would  be  of  considerable  benefit  to  the 
river  interest  were  it  cut.  It  comprises  in  the  way  of  obstructions  principally  leaning 
timber. 

On  the  24th  of  December  we  started  on  our  way  out  of  both  Coldwater  and  the  Tal- 
lahatchee, the  water  being  at  such  a  stage  that  it  would  have  been  useless  to  continue 
cutting  timber,  as  the  bunks  were  overflowed  to  such  an  extent  that  the  trees  would 
have  had  to  be  cut  so  high  the  stumps  left  would  become  serious  obstructions  during 
low-water. 

On  our  way  down  the  river  nothing  of  special  interest  occurred,  and  we  arrived  at 
Vicksburg  December  26  in  good  condition.  We  laid  over  there  one  day  to  take  on 
coal  and  attend  to  other  matters  pertaining  to  the  Florence,  and  left  for  Red  River 
I>auding  on  the  following  day,  where  the  steamer  was  turned  over  to  Captain  Lydon 
iis  directed. 
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The  total  amount  of  work  done  by  the  Bteamer  Florence  is  as  follows: 

Cuts.  Trees  giidlad. 

September 1,956  275 

October 7,819  3,564 

November ^ 7,062  2,078 

December 3,608  20 

Total 19,444  5,937 

Very  reepectfally)  yonr  obedient  servant, 

John  J.  Barry. 
Mig.  W.  H.  H.  Bknyaurd, 

Corp9  of  EnginferBf  U,  8,  A, 


O  15. 

IMPROVEMENT  OF  COLDWATER  RIVER,  MISSISSIPPI. 

The  steamer  Florence  left  the  Tallahatchee  in  November  and  pro,, 
ceeded  into  the  Goldwater  for  a  short  season's  work,  cutting  down  lean 
ing  timber  along  the  banks.    The  amount  of  work  performed  amounts 
to  2,125  trees  cut  and  652  trees  girdled. 

Daring  the  coming  season  it  is  proposed  to  operate  in  the  lower  stretch 
of  river  to  the  same  intent  a«  above.  This  section  of  the  river  I  deem  it 
only  necessary  to  improve. 

The  natnre  of  the  Goldwater  is  such  that  unless  a  great  deal  of  work 
be  done  upon  the  river,  which  of  course  will  cost  considerable  money, 
boats  cannot  navigate  it  with  safety.  The  commerce  of  the  country  I 
do  not  think  warrants,  at  the  present  time,  any  considerable  expenditure. 

The  former  appropriations  are  as  follows : 

Bv  act  approved  March  3,  1879 $7,000 

By  act  approved  June  14,  1880 4,000 

COMMERCIAL  STATISTICS. 

The  amonnt  of  cotton  raised  in  the  section  of  country  above  Belen  is  abont  1,200 
bales  per  annum,  which  is  now  sent  by  wagons  to  Jonestown,  a  distance  of  16  miles, 
and  costing  $3.50  per  bale  to  send  it  to  New  Orleans.  If  there  were  good  navigation  in 
this  part  of  the  Goldwater,  cotton  could  be  sent  to  New  Orleans  for  |2.50  per  bale. 
There  is  plenty  of  good  land  in  this  section,  though  the  country  is  but  thinly  settled, 
aU  means  of  transportation  is  so  difficult. 


For  port  of  entry  and  collection  district,  see  report  for  improving  Yazoo 
River,  Mississippi. 

Money  statement 

July  1,  1879,  amount  available t7,000  00 

Amount  appropriated  by  act  approved  June  14,  1880 4, 000  00 

$11,000  00 

July  1,  1880,  amount  expended  during  fiscal  year 2,218  05 

July  1,  1880,  amount  available 8,781  95 


REPORT  OF  CAPT.  JOHN  J.  BARRY. 


United  States  Steamer  T.  B.  Florence, 

Goldwater  River, 

Major:  The  steamer  Florence  entered  the  Goldwater  November  22,  and  for  the  first 
15  miles  from  its  mouth  we  found  the  river  narrow  and  crooked,  with  a  great  manv 
short  l>ends.    There  were  but  few  snags  in  this  stretch  of  the  river  and  not  enough 


i 
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to  do  any  serions  damage  when  the  channel  is  traveled,  the  leaning  timber  being  cnt 
out  by  us  as  we  went  up.  The  next  10  miles  of  the  river  we  found  in  rather  a  good 
condition,  being  wide  and  straight  with  scarcely  any  obstructions,  and  none  that 
might  be  considered  very  dangerous  to  navigation.  This  brings  us  to  Belen,  the 
head  of  navigation  on  the  Coldwat>er.  No  boat«  go  higher  up  than  this  point,  there 
being  no  settienients  for  the  n«xt  40  or  50  miles,  and  consequently  no  business.  The 
Florence,  however,  proceeded  about  15  miles  above  Belen.  After  leaving  Belen.  for 
the  first  5  miles,  we  had  no  trouble,  as  the  river  was  about  8  feet  above  low-water  mark. 
After  we  had  gone  the  first  5  miles  the  water  began  to  decline,  and  we  found  a  great 
many  snags  and  stumps  of  trees  that  had  been  cut,  perhaps  by  the  gunboat  fleet  that 
came  through  the  Yazoo  Pass.  As  they  came  through  in  very  high  wat«r  they  cut 
these  trees  high  up,  as  there  was  plenty  of  water  in  this  river  when  the  Yazoo  Paas 
was  open,  and  now  these  stumps  in  some  places  are  3  or  4  feet  out  of  water,  and  a 
great  many  of  them  in  the  center  of  the  channel.  It  takes  fully  a  10-foot  rise  to  let 
a  boat  go  over  them  with  anything  like  safety;  the  river  was  more  or  less  this  way 
for  about  2  miles,  and  then  we  found  a  very  good  stretch  of  river  for  about  3  miles, 
with  very  few  snags.  The  next  5  miles  was  not  so  good,  the  banks  being  lined  on 
both  sides  with  a  great  deal  of  leaning  timber,  which  we  proceeded  to  cut  down. 

Although  we  cut  down  all  the  leaning  timber  in  the  15  miles  above  Belen.  still  it  is 
not  safe  for  boat«  to  go  much  higher  up  than  that  place,  even  with  8  feet  or  water,  as 
some  of  the  stumps  spoken  of  are  just  under  the  water,  and  as  there  is  but  little  or  no 
current  in  this  river,  there  is  no  break  on  the  top  of  the  water  to  indicate  their  location 
and  you  cannot  find  them  unless  the  water  is  low  enough  for  them  to  be  seen,  or  to  do 
as  we  did,  take  a  skiff  and  hunt  for  them. 

Sometimes  we  would  find  four  or  five  of  these  stumps  in  a  line  across  the  river  with 
scarcely  room  enough  to  go  between,  for  when  the  boat  is  swung  so  as  to  go  between 
them  there  is  danger  of  knocking  a  hole  in  the  stem  as  she  swings  towards  the  bank. 
The  low-water  mark  is  about  20  or  24  inches,  but  these  stumps  being  in  the  wav,  to- 
gether with  the  leaning  trees  that  naturally  drop  into  the  river,  many  of  which  are 
not  even  covered,  navigation  above  Belen  is  so  obstructed  that  even  a  5  or  6  foot  rise 
is  of  no  use  to  steamboats  in  the  present  condition  of  the  river.  The  channel  is  about 
25  feet  wide  during  the  low-water  season,  which  continues  throughout  all  the  summer 
months,  subject,  however,  to  a  rise  after  a  heavy  rain  of  two  days,  when  the  river  will 
rise  5  or  6  inches  or  perhaps  a  foot,  but  goes  down  again  as  quickly  a^s  it  rose.  At  the 
time  the  Florence  enterea  the  Coldwater  we  had  about  8  feet  of  water,  but  in  five 
days  it  had  fallen  almost  4  feet,  so  that  we  had  to  lay  up  at  the  bank  and  send  the 
men  up  the  river  in  skifis  and  wait  for  another  rise,  which  occurred  in  a  few  days. 
Since  the  Yazoo  Pass  was  closed  no  boats  have  attempted  to  go  higher  up  than  Belen, 
and  only  one  or  two  small  boats  have  gone  that  far  in  the  last  two  years,  they  coming 
late  in  the  season. 

The  amount  of  work  done  by  the  steamer  Florence  during  a  portion  of  the  months 
of  November  and  December  is  as  follows : 

Total  number  of  cuts  made,  2,125;  total  number  of  trees  girdled,  652. 
Very  respectfully, 

John  J.  Barry. 

Maj.  W.  H.  H.  Bknyaurd, 

Corps  of  Engineers f  U.  S.  A, 


EXAMINATION  OF  COLDWATER  AND  TALLAHATCHEE  RIVERS. — REPORT  OF  MR.  JOSEPH 

BURNEY. 

United  States  Engineer  Office, 

Memphis f  Tenn.,  June  19,  1880. 

Major:  In  accordance  with  your  instructions,  I  have  made  an  examination  of  Cold- 
water  and  Tallahatchee  rivers,  running  through  the  counties  of  De  Soto,  Tunica, 
Coahoma,  Tallahatchee,  and  Le  Flore,  in  the  State  of  Mississippi,  and  respectfully 
submit  the  following  report : 

I  commenced  the  examination  of  Coldwater  about  30  miles  below  Memphis,  Tenn., 
proceeding  down  the  river  in  a  skiff  pulled  by  two  skiffinen.  For  the  first  60  miles,  to 
Prattsville,  the  river  was  at  a  low  stage,  narrow  and  crooked,  and  we  met  a  ^eat 
number  of  jams  extending  across  the  river,  over  which  we  had  to  drag  our  skiff.  Near 
Prattsville  we  encountered  a  solid  jam  about  one-fourth  of  a  mile  long,  and  on  walking 
down  the  bank  of  the  river  for  about  5  miles,  I  found  several  similar  jams,  resembling 
those  on  Red  River  above  Shreveport  before  their  removal.  On  making  inquiries  I  was 
informed  the  jams  extended  for  a  considerable  distance  down  the  river,  and  that  they 
had  been  in  for  a  number  of  years.  In  order  to  get  below  them  I  had  the  skiff  hauled 
by  wagon  to  Hudson's  Ferry,  a  distance  of  17  miles  by  land  and  about  50  miles  by 
water.    From  Hudson's  Ferry  upwards  I  found  the  river  entirely  unsuitable  for  navi- 
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gable  purposes.  Below  the  ferry  the  river  widened  out  into  a  good  navigable  river 
for  25  miles,  when  it  became  again  narrow  and  crooked  for  about  5  miles.  We  found 
three  slight  janis^  below  which  we  readily  passed.  Below  this  point  the  river  was 
about  half-bank  full,  and  to  the  mouth  we  found  a  good  navigable  stage  of  water. 

In  passing  down  the  river  I  only  saw  one  small  town  on  the  banks^  located  about  25 
miles  above  the  mouth  of  the  river,  named  Belen,  it  contains  4  stores  and  about  50 
inhabitants.  The  navigable  portion  of  Coldwater  runs  through  a  thinly  settled  coun- 
try, a  large  portion  of  the  land  being  covered  with  heavy  cane  and  timber.  Very 
little  business  is  done  on  the  river,  although  the  lower  part  is  navigable  for  about  six 
months  in  the  year.  I  was  informed  there  had  been  no  steamboats  on  it  for  many 
years,  with  the  exception  of  the  United  States  steamer  Florence,  which  went  up  the 
river  40  miles  last  year  improving  the  channel.  The  only  water  craft  used  at  present 
on  the  river  consists  of  ferry  boats  to  cross  the  stream  at  various  points,  one  flat-boat 
to  carry  staves,  and  at  Belen  they  had  one  large  skiff  having  a  water-wheel  worked 
by  hand,  capable  of  earring  25  bales  of  cotton,  and  two  large  dugouts  fastened  together 
and  capable  of  carrving  five  bales  of  cotton.  What  little  business  is  done  on  the  west 
bank  goes  to  the  Mississippi  River  and  on  the  east  bank  to  the  Mississippi  and  Ten- 
nessee Railroail. 

Tallahatchee  River  is  forme<l  by  a  junction  of  Coldwater  and  Little  Tallahatchee 
nvers,  in  Coahoma  County,  and  runs  to  its  mouth,  a  distance  of  about  210  miles,  where 
it  empties  into  the  YazooRiver. 

From  the  mouth  of  Coldwater  to  Sharkey's  Landing  on  the  Tallahatchee,  a  distance 
of  100  miles,  the  river  runs  through  a  wild  and  thinly-settled  countiy. 

From  Sharkey's  Landing  to  the  mouth,  a  distance  of  110  miles,  the  nver  runs  through 
a  well  settled  and  very  rich  country,  being  one  of  the  finest  cotton  districts  in  the 
Southern  States.  During  the  cotton  season  two  steamboats  run  from  Vicksburg  to 
Sharkey's  Landing  every  week,  but  during  the  summer  season  this  is  reduced  to  one 
steamboat  per  week. 

For  six  months  in  the  year  the  whole  of  the  Big  Tallahatchee  River,  and  for  100 
miles  up  the  Coldwater,  is  navigable  without  any  further  improvement. 

From  inquiries  ma<le  from  planters  living  near  the  river,  and  from  steamboat  men 
running  on  the  Tallahatchee  and  Yazoo  rivers,  I  am  informed  it  would  be  no  benefit 
to  improve  the  upper  part  of  Tallahatchee  above  Sharkey's,  nor  any  portion* of  Cold- 
water  River,  for  the  business  is  so  small  and  so  readily  accessible  to  the  Mississippi 
Kiver  on  the  west,  and  to  the  Mississippi  and  Tennessee'Railroad  on  the  east,  that  the 
business  offered  on  the  river  would  not  be  sufficient  to  pay  a  single  steamboat  to  run, 
consequently,  if  no  steamboat  would  run  on  that  part  of  the  two  rivers  any  improve- 
ment made  would  be  useless. 

Daring  the  last  fall,  the  United  States  steamer  Florence  did  a  large  amount  of  work 
on  Coldwater  and  Tallahatchee  rivers,  in  cutting  and  removing  overhanging  trees  and 
deadening  timber  on  the  banks;  the  work  done  oelow  Sharkey's  has  given  satisfaction 
to  the  steamboat  men,  but  the  work  done  above  that  point  they  state  is  of  no  benefit 
to  them;  they  request  me  to  respectfully  recommend  to  you  that  any  future  work  done 
on  the  Tallahatchee  River  should  be  done  below  Sharkev's  Lauding,  and  that  it  con- 
sist of  the  removal  of  snags  from  the  channel  by  a  light-d^raught  snagboat,  in  the  low- 
water  season. 

I  have  the  honor  to  remain,  verj"  respectfully, 

Joseph  Burney. 

Maj.  W.  H.  H.  Benyaurd, 

C<wy»  of  Engineers,  U,  S.  A, 


O  i6. 

IMPROVEMENT  OF  FOURCHE  LA  FfeVE  RIVER.  ARKANSAS. 

Instead  of  buildiDg  a  flat-boat  and  placing  upon  it  the  necessary 
machinery  for  palling  snags  and  removing  rocks,  as  originally  contem- 
plated in  the  project  for  the  improvement  of  this  stream,  a  complete 
oatfit, consisting  of 3  barges, was  hired;  one  with  steam  power;  one  for 
the  working  party  engaged  in  clearing  timber  from  the  banks;  and  a 
third  as  quarters  for  the  men. 

The  party  was  organized  and  left  Dardanelle,  Ark.,  August  28,  and 
arrived  at  the  mouth  of  the  Fourche  la  F^ve  the  following  day,  and  im- 
mediately commenced  work.  .  Edward  H.  Flood  had  charge  of  the  opera- 
tions in  the  river. 
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The  following  is  a  statement  of  the  amount  of  work  done : 

Total  cumber  of  trees  cut 6,687 

Total  number  of  snags  removed 890 

In  addition  to  the  above,  about  25,000  trees  on  both  banks  of  the 
river  were  deadened,  and  a  number  of  rocks  were  removed  from  the 
shcmls  at  Kirk's,  Turner  Bock,  Red  Ferry,  Indian  Grave,  Piney  Point, 
and  Mrs.  May's. 

Extracts  from  Captain  Flood's  report  showing  the  condition  of  the 
river  and  amount  of  work  done  are  appended. 

The  bar  at  the  mouth  has  a  depth  of  from  2^  to  3  feet  of  water  when  the  river  is  at 
its  lowest  stage,  and  in  the  first  5  miles  there  is  an  average  depth  of  12  feet  in  the 
channel,  and  a  width  of  from  125  to  150  feet.  When  at  its  highest  stage  the  river  is 
over  JW  feet  in  the  clear.    The  banks  are  very  bluff. 

In  noticing  this  river,  I  find  that  when  the  Arkansas  River  is  above  the  level  of  the 
Fourche  there  is  back  water  for  about  3  miles,  and  all  the  drift  remains  perfectlv 
still,  and  it  is  only  when  there  is  a  heavy  rise  that  there  is  any  sort  of  a  current,  and 
this  is  the  reason  there  are  so  many  snags  in  it. 

After  taking  out  all  the  snags  in  the  first  5  miles,  I  had  to  remove  a  shoal  caUed 
King's  Shoal  about  5f  miles  above  the  mouth.  It  was  composed  of  small  loose  rocks, 
which  were  very  easy  to  remove.  Nearly  all  the  trees  cut  were  large  ash  and  svoa- 
more,  mauy  of  them  were  leaning,  and  were  a  great  deal  of  trouble,  having  to  let  them 
fall  on  the  boats  and  then  carry  them  ashore. 

The  snags  were  principally  lar^e  sycamores,  which  were  held  by  their  roots  and  had 
to  be  cut  in  small  pieces  and  carried  ashore,  as  they  were  too  heavy  to  float. 

Tamer  Rock  Shoal,  about  one-half  a  mile  below  Red  Ferry,  and  about  300  yards  in 
length,  composed  of  solid  rock,  was  removed. 

On  October  16  I  commenced  breaking  out  lavge  pieces  of  slate-rock  from  Red  Ferry 
Shoal,  aud  digging  away  at  least  10  feet  of  the  embankment  which  had  formed  and 
caused  a  bendiu  the  river.  The  reason  I  operated  in  this  way  was  to  straighten  the 
river  and  give  the  water  a  better  sweep,  which  would  cause  the  bank  to  cave  in  very 
rapidly  when  the  river  rose.  This  shoal  so  far  was  the  worst  we  had  met  with,  havine 
at  least  18  inches  of  a  fall  over  it,  aud  to  enable  me  to  get  the  boats  over  this  fall  I 
had  to  build  a  temporary  brush-dam  to  give  sufficient  water-level  to  do  it. 

At  the  mouth  of  Mill  Creek  I  found  the  river  filled  with  sunken  timber,  and  it  was 
impossible  to  pass  the  boats  over  before  removing  it.  I  had  it  hauled  out  on  both 
banks,  leaving  about  2^  feet  of  water  at  that  place.  I  found  it  was  the  same  at  a  place 
called  Duck  Creek.  There  was  more  sunken  timber  in  this  portion  of  the  river  than 
any  we  had  worked  in  thus  far;  it  looked  as  if  it  were  matted  at  the  bottom  of  the 
river,  but  it  was  not  very  troublesome  to  pull  out. 

On  the  51  h  November  I  arrived  at  Indian  Grave  Shoal,  and  found  4  luches  of  water 
on  it ;  the  shoal  is  about  300  feet  long,  composed  of  slate  rock.  A  passage-way  suffi- 
cient for  the  boats  to  navigate  was  cut  through. 

The  next  place  was  Piney  Point  Shoal,  about  400  feet  long  and  about  40  feet  in 
width ;  there  was  only  3  inches  of  water  when  I  commenced  work  on  it,  which  I  deep- 
ened to  about  18. 

The  May  Shoal  was  the  next  one  which  1  could  not  pass  without  removing  a  large 
raft  of  100  sticks  of  timber  which  had  lodged  right  across  the  shoal ;  after  removing 
the  raft  had  no  difficulty  in  getting  the  boats  through. 

I  did  not  find  as  many  snags  between  the  last  shoals  I  passed  as  I  did  in  the  lower 
river,  but  I  found  a  great  deal  more  leaning  timber,  which  was  cut  down  and  hauled 
out. 

On  December  30  I  reached  Perryville  and  made  arrangements  to  start  down  the 
river. 

On  December  31 'I  reached  Red  Ferry  Shoal  and  discharged  all  hands. 

On  the  way  down  the  river  I  was  accompanied  by  12  large  rafts. 

Number  of  trees  cut  down  during  the  months  of  August  and  September 1, 177 

Number  of  snags  pulled 200 

Number  of  trees  cut  down  during  the  month  of  October 666 

Number  of  snags  pulled 283 

Number  of  trees  cut  down  during  the  month  of  November 1, 606 

Number  of  snags  pulled 203 

Number  of  trees  cut  down  during  the  month  of  December 3, 240 

Number  of  snags  pulled 204 
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RECAPITULATION. 

Total  nnmberof  trees  cut 6,687 

Total  number  of  snags  pulled.... 890 

In  addition  to  the  above  there  were  25,000  trees  deadened  on  both  banks  of  the  river. 
Have  also  cleaned  off  and  left  a  depth  of  at  least  18  inches  (at  low-water  mark)  on 
Kirk's,  Turner's  Rock,  Red  Feny,  Indian  Grave,  Piney  Point,  and  Mrs.  May  shoals. 

I  could  not  do  any  work  on  Alford's  Shoal  on  account  of  water,  there  being  at  least 
3  feet  of  water  over  it. 

There  was  also  removed  a  large  number  of  rafts  from  the  different  shoals,  so  as  to 
g^Te  me  a  chance  to  operate.  Tnere  was  also  taken  out  a  large  quantity  of  sunken 
timber. 

In  goinff  down  the  river  I  found  a  good  many  trees  with  limbs  overhanging  the 
stream,  which  were  not  in  the  way  during  low-water  j  these  I  removed,  and  also  any 
drift  which  I  found  had  lodged. 

The  last  rise,  which  I  mentioned  in  report  No.  17,  cleaned  out  the  river,  and  carried 
with  it  all  the  loose  timber  lying  on  the  banks,  leaving  a  depth  of  at  least  12  feet  on 
the  outer  bar  at  the  mouth. 

Taking  a  ^^eral  view  of  the  river  since  the  work  has  been  done,  I  think  it  is  one 
of  the  prettiest  in  Arkansas. 

The  amount  asked  for  for  June,  1882,  will  be  expended  in  improving 
the  shoal  places  in  the  river  and  removing  all  obstructions  from  the 
bed  said  banks  of  the  stream. 

The  appropriations  made  are  as  follows : 

By  act  approved  March  3,  1879 |10,000 

By  act  approved  June  14,  1880 4,000 

For  port  of  entry  and  collection  district,  see  report  for  improving  har- 
bor and  Mississippi  Biver  at  Memphis,  Tenn. 

Money  statement 

July  1,  1879,  amount  available $10,000  00 

Amount  appropriated  by  act  approved  June  14,  1880 4, 000  00 

$14,000  00 

July  1,  1880,  amount  expended  during  fiscal  year 9,200  26 

July  1,  1880,  amount  available 4,799  74 

Amount  that  can  be  profitably  expended  in  fiscal  year  ending  June  30, 1882.      5, 000  00 


O  17. 

IMPROVEMENT  OF  SALINE  RIVER,  ARKANSAS. 

No  work  has  heretofore  been  done  on  this  stream.  During  the  com- 
ing season  it  is  proposed  to  remove  the  obstructions  from  the  bed  and 
banks  of  the  stream.  For  this  purpose  a  flatboat,  provided  with  the 
necessar>'  machinery  and  outfit,  will  be  employed. 

With  the  appropriation  asked  for  the  fiscal  year  ending  June  30, 1882, 
it  is  proposed  to  continue  the  improvement  in  the  same  way  as  above. 

The  original  estimat«  for  the  improvement  of  this  river  was  $30,151. 
Amount  appropriated  by  act  approved  June  14,  1880,  |7,500. 

COMMERCIAL  STATISTICS. 

The  amount  of  commerce  carried  on  during  a  period  of  six  months  of  the  year  em- 
braced about  20,000  bales  of  cotton,  besides  a  large  quantity  of  hides,  tobacco,  staves, 
timber,  Ac.    To  this  should  be  added  a  corresponding  amount  of  return  £re\g\Lt. 
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It  is  said  by  many  cotton  growers  and  storekeepers  along  tlie  stn^am  that  if  tlie  naW- 
gation  of  the  Saline  River  were  improved  the  value  of  freight  transportation  would 
amount  to  over  $2,000,000  per  annum. 

For  port  of  entry  and  collection  district  see  report  for  improving 
Ouachita  Eiver,  Arkansas  and  Louisiana. 

Money  statement. 

Amount  appropriated  bv  act  approved  June  14,  1880 $7,500  00 

July  1,  1880,  amount  available 7,500  00 

Amount  (estimated)  required  for  completion  of  existing  project 22, 651  00 

Amount  that  can  be  profitably  expended  in  fiscal  year  ending  June  30, 1882.  12, 000  00 


O  i8. 

IMPROVEMENT  OF  BLACK  RIVER,  ARKANSAS. 

No  work  ha«  heretofore  been  done  upon  this  stream.  With  the  appro- 
priation of  $15,000  it  is  proposed  to  employ  a  light-draught  boat,  prop- 
erly equipped,  and  with  a  full  working  force  engaged  in  removing  ob- 
structions from  the  bed  and  banks  of  the  river.  Parties  will  also  be 
engaged,  as  far  as  the  appropriation  will  admit,  in  deepening  some  of 
the  shoal  places  and  in  building  dams  at  the  head  of  Big  Island  and 
other  points  for  the  puri)ose  of  concentrating  the  water  when  at  a  low 
stage  into  a  single  channel 

With  the  appropriation  of  $15,000  asked  for  it  is  proposed  to  continue 
the  above  work.  The  total  estimated  cost  of  this  improvement,  includ- 
ing light-draught  boat,  was  $80,800. 

COMMERCIAL  STATISTICS. 

From  the  Upper  Black  great  qaan titles  of  staves  are  taken  for  export  to  foreign 
ports,  and  from  the  Lower  Black  it  is  estimated  that  from  10,000  to  12,000  bales  of  cot- 
ton are  shipped  to  the  Memphis  and  other  markets,  and  other  shipments  (amount  not 
known)  go  over  the  Saint  Lonis  and  Iron  Mountain  Railroad  to  Saint  Louis.  If  the 
river  were  improved,  adding  additional  facilities  for  handling  the  crops,  there  is  no 
doubt  but  what  the  cotton  shipments  would  be  increased. 

For  collection  district  and  port  of  entry,  see  report  for  improving  Mis- 
sissippi Biver  and  harbor  at  Memphis,  Tenn. 

Money  statement 

Amount  appropriated  by  act  approved  June  14,  1880 $15,000  00 

July  1,  1880,  amount  available 15,000  00 

Amount  (estimated)  required  for  completiou  of  existing  project 65, 800  00 

Amount  that  can  be  profitably  expended  in  fiscal  year  enaing  June  30, 1882.     15, 000  00 


e3camination  of  black  biver,  missouri  and  arkansas. 

United  States  Enoii^eb  Office, 

Memphis^  Tenn.^  December  20, 1879, 

General  :  I  have  the  honor  to  present  the  following  report  upon  the 
examination  of  Black  Eiver,  Missouri  and  Arkansas,  provided  for  by 
act  of  Congress  approved  March  3, 1879,  and  assigned  to  me  by  letter 
dated  April  25, 1879. 
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This  examination  was  made  with  a  view  of  determining  the  character 

of  the  stream,  the  nature  of  the  obstructions,  and  cost  of  removal  of 

same,  and  the  amount  of  commerce  to  be  benefited.    The  operations  in 

the  field  were  conducted  by  Mr.  I.  D*  McKown,  assistant  engineer,  and 

extended  from  Poplar  Bluff,  Mo.,  to  Jacksonport,  Ark. 

Examinations  of  this  stream  were  made  under  the  direction  of  Lieu- 
tenant-Colonel Baynolds  in  1871,  by  Mr.  John  S.  Tennyson,  from  Poca- 
hontas to  the  mouth,  and  in  1872,  by  Mr.  A.  H.  Blaisdell,  from  Poplar 
Bluff  to  Pocahontas.  From  these  d^erent  reports,  full  and  detailed  in- 
formation regarding  the  obstructions  has  been  obtained,  which  enables 
ns  to  present  estimates  for  the  improvement  of  the  river. 

Black  Biver  is  a  tributary  of  White  River,  heading  in  the  southeast- 
em  part  of  Missouri,  and,  flowing  in  a  general  southwesterly  direction, 
empties  into  the  White  al>out  ha&  a  mUe  above  Jacksonport,  Ark«  It 
has  a  number  of  tributaries,  the  principal  ones  being  Gane  Greek,  Our- 
rent  River,  and  Fourche  de  Mas,  while  at  different  points  it  divides  it- 
self into  two  branches,  forming  separate  channels,  such  as  Dan's  Biver, 
little  Biver,  and  Gatharine  Slough.  In  addition,  there  are  numerous 
filoQgbs  leading  off  from  the  main  river  into  the  bottom  lands  on  either 
side;  the  drainage  area  of  the  whole  being  estimated  at  about  8,000 
sqaare  miles. 

It  i%  considered  necessary  to  improve  only  that  portion  of  the  river 
between  Poplar  Bluff  and  the  mouth ;  the  estimated  distance  being 
abont  300  miles. 

The  banks  of  the  river  are  of  a  firm  material,  but  little  liable  to  cave, 
and  therefore  any  improvement  that  may  be  undertaken  would  be  com- 
paratively permanent. 

Daring  extreme  high-water  the  banks  and  bottom  lands  are  in 
many  plaees  liable  to  overflow.  The  extremes  of  high-water  vary 
from  18.5  feet  at  Poplar  Bluft'  to  26.25  feet  at  Pocahontas.  The  river 
bed  is  generally  sandy ;  on  its  lower  parts  sand  and  clay  sometimes  min- 
gled with  muscle-shells  and  fine  gravel.  The  general  width  between 
banks  on  the  upper  section  of  the  river  is  about  130  feet,  and  on  the 
lower,  say  below  the  mouth  of  Gurrent  Biver,  the  average  width  is 
about  250  feet. 

The  general  obstructions  to  navigation  are  shoals,  snags,  logs,  and 
leaning  timber.  About  four  miles  above  the  head  of  Little  Biver,  the 
Saint  Louis^  Iron  Mountain  and  Southern  Bailroad  has  constructed  a 
bridge  of  a  single  fixed  span  of  160  feet  across  the  river,  the  height  of 
the  lower  chord  of  the  bridge  being  only  11  feet  above  low-water ;  it  is 
therefore  a  complete  obstruction  to  the  navigation  of  the  river  above. 

For  convenience  the  river  is  divided  into  two  divisions,  viz,  from 
Poplar  Bluff  to  Gurrent  Biver,  a  distance  of  about  146  miles,  and  from 
Current  Biver  to  the  junction  with  the  White.  In  the  first  division 
there  are  fifty-seven  shoals,  covering  an  aggregate  length  of  37  miles, 
the  depth  of  water  over  these  shoals  being  never  less  than  two  feet  ex- 
cept in  one  or  two  instances.  In  the  second  division  there  are  twenty- 
one  shoal  places,  the  depth  of  water  over  them  varying  from  two  feet 
to  two  and  one  half  feet.  A  list  of  these  shoals  taken  from  the  reports 
ab^Td  referred  to  is  here  inserted : 
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Ifame. 


Length. 


Henderson 

Koname 

Do 

Do 

Do 

Do 

Do 

Do 

Do 

Do 

Do 

Do 

Do 

Do 

Do 

Do 

Do 

Do 

Do 

Do 

Do 

Do 

Do 

Do 

Do 

Do 

Do 

Do 

Do 

Do 

Do 

Do 

Do 

Do 

Do 

Do 

Do 

Do 

Do 

Do 

Do 

Do 

Do 

Do 

Do 

Do 

Do 

Do 

Do 

Do 

Coz'sFord 

Fish  Trap 

No  name 

Do 

Roeky  Ford 

Kosaell's  Ferry 

Korame 

Shoals  of  PocahontM  — 
No  name 

Do 

Do 

Do 

Do 

Do 

Spring  River 

Devil^  Race  PathB  / 

Lower  Devil's  Race  Path 

Sagle'sNest 

No  name 

Powhatan 

No  name 

Do 

Do 

Tim'     'ictory 

Berkeley's 

Little  Paroqnitt 

Paroquitt. 

No  name 


FeeL 
600 
600 
300 
150 
300 
150 
150 
175 
250 
300 
220 
100 
120 
75 
100 
150 
300 
150 
150 

1,000 
400 
150 
600 
350 
100 
250 
400 
650 
150 
250 

1,800 
300 
100 
350 
300 
200 
300 
200 
75 
250 
100 

2,400 
250 
250 
300 
100 
200 
300 
600 
100 

1,000 
75 
900 
150 
300 
450 
900 
800 
400 
500 
350 
600 
500 
300 
700 
850 
700 

.  350 
450 
900 
400 
350 
600 
350 
350 
500 
450 
850 


Channel  in  low- 
water. 


Depth. 


Feet. 
2to4 
2to3 
8to4 
2.5 
2.6 
3 
3 
2.5to3 
2.5 
3 
3 
3 
3 

2.5 
2.5 
3 

2.5 
2.8 
2.5 
2.5 
3 
3 
3 
3 

3.5 

3.2 

2to8.5 

2to3 

2to2.5 

8 

2to8 

2to3 

2.5 

3 

2.8 
3.8 
3.3 
8 

3.5 
8 
2.3to3 
2.5to3 

2. 5  to  3 

L5to3.5 

3  to  4. 5 

2to3 

1.5  to  3. 5 

2.5 

2.5 

2.2 

2 

2.5 
2.5 
2 

2.5 
3 
2to3 
2.4 
2.6 
2.4 
2.6 
2 

2.4 
2.4 
2.4 
2.3 
2.3 
1.10 
2.3 
2.3 
2.3 
2.3 
2.6 
2.6 
2.5 
2.6 
2.6 
2.6 


2to 


Width- 


Feet. 

40 
60 
30 
35 
35 
30 
35 
80 
30 
40 
40 
80 
25 
40 
80 
30 
40 
80 
80 
30 
30 
20 
'  40 
30 
50 
40 
40 
30 
30 
40 
00 
20 
30 
30 
40 
35 
35 
40 
30 
50 
40 
30 
40 
40 
50 
50 
50 
50 
40 
40 
180 
30 
50 
30 
40 
60 
60 
40 
40 
40 
45 
40 
45 
35 
40 
35 
35 
88 
85 
85 
85 
40 
40 
33 
40 
40 
45 
40 


Remarks. 


Gravel  and  sand  bottom ;  logs  in  chann 

Sand  bottom. 

Sand  bottom. 

Gravel  and  sand  bottom. 

Gravel  and  sand  bottom. 


Bottom  of  snags  imbedded  in  sand. 


Used  as  a  ford. 


All  these  shoals  oconr  in  beads, 
river  itself  is  very  narrow  in  thi» 
cality. 


At  month  of  Dan's  River. 


\ 


In  bend  Roaring  "ont-ofll" 


Sand^  with  mpsole-sbells. 


.Between  these  limits  there  is  a  geaei 
*    good  depth  of  water. 


In  many  of  these  shoals  the  bottom 
*    overgrown  by  a  species  of  grass  whi 
renders  the  bottom  very  hard. 


Fl}l.25l^^''y^****"*- 


Rockv  bottom ;  fsll  .26.  j 

Sand  bottom. 

Sand  and  muscle-shells  on  bottom. 

Rocky  bottom. 

Gravel  bottom. 

Gravel  bottom. 

Two  large  loose  rocks  in  channeL 

Gravel  wttom. 

Do. 

Do. 

Da 

Do. 

Do. 

Do. 

Da 

Do. 

Da 

Da 
Logs  on  the  bottom. 
Gravel  bottom. 
Gravel  bottom. 
Gravel  and  logs. 
Gravel  and  logs. 
Gravel  bottom. 


Itiinil  interests  of  tbe  eouutry  tributary  U>  tlie  river, 
arding  the  iinprovenient,  as  tlie  character  of  the  stream  is  such  as 
admit  of  its  navigation  by  boats  of  a  large  size  or  cairying  eapac- 
ring  tbe  low-water  season,  it  is  reeomiuended  to  reuiove  the  nnags, 
Sc,  cut  down  the  leaning  timber,  improve  seveml  of  the  shoal 
,  and  close  up  several  of  the  auiall  sloughs  where  the  channel  is 
d,  thus  coQceutrating  the  water  iutu  single  channels, 
ve  tbe  mouth  of  Current  Uiver  it  is  i'e<-uninieiided  to  deepen  a  few 
iiboal  places,  otherwise  to  confine  the  work  to  the  removal  of  snags, 
id  the  cutting  down  of  leaning  timber;  also,  at  the  head  of  Big 
,  where  the  river  divides  itself  into  two  channels,  to  put  a  dam 
the  bead  of  Little  Itiver,  and  confine  tbe  water  to  the  main  chan- 
V  few  small  slougbs  below  would  require  similar  treatment;  about 
;t  of  dam,  including  that  at  Little  £iver,  would  l>e  suflicieut  for 
■per  division. 

iw  the  nioutb  of  Current  River,  in  addition  to  leaning  timber,  &c., 
are  three  shoals  requiring  improvement,  viz:  Devil's  Race  Tatli, 
Kest  Shoals,  and  sboals  at  the  moutb  of  river.  The  Devil's  Baco 
ihoal  is  of  gravel  bottom.  The  water  is  divided  into  two  channels 
uld  be  improved  by  constructing  a  dam,  closing  np  one  of  the 

le's  Nest  Shoal  is  also  gravel  bottom.    It  has  the  least  depth  over 
11  tbe  shoal  places  noted — only  about  22  inches  at  extreme  low 
A  wing-dam  to  contract  the  waterway  and  deepen  the  channel 
improve  it. 

shoal  at  the  month  is  probably  tbe  most  troublesome.  Sunken 
rmly  imbedded  in  the  bottom  obstrnct  tbe  channel,  rendei'ing  the 
:e  of  steamers  difBcnIt  and  somewhat  dangerous  at  low-water.  If 
irere  removed,  and  a  low  dam  built^  it  would  make  a  desirable  im- 
nent. 

the  improvement  of  Black  Biver  I  estimate  aa  follows : 
light-ilraiight  boat $30,000 
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10,000  to  12,000  bales  of  cottou  are  skipped  to  the  Memphis  and  ottier 
markets,  and  other  shipments  (amount  not  known)  go  over  the  Saint 
Louis  and  Iron  Mountain  Kaih'oad  to  Saint  Jjouis.  If  the  river  were 
improved,  adding  additional  facilities  for  handling  the  crops,  there  is  no 
doubt  but  what  the  cotton  shipments  would  be  greatly  increased. 
Very  respectfully,  your  obedient  servant, 

W.  H.  H.  Benyaubd, 

Major  of  Engineers. 
Brig.  Gen.  H.  G.  Wright, 

Chief  of  Engineers,  U,  S,  A. 


O  19. 

IMPROVEMENT  OF  BIG  HATCHIE  RIVER.  TENNESSEE. 

No  work  has  heretofore  been  done  by  the  government  upon  this  stream. 
During  the  coming  season  it  is  proposed  to  procure  a  light-draught 
steamboat,  and  with  a  proper  working  force  engage  in  the  removal  of 
such  obstructions  as  will  aid  the  safe  navigation  of  the  stream  and  facili- 
tate the  shipment  of  the  produce  of  the  adjacent  country.  With  the 
amount  asked  for  for  June,  1882,  it  is  proposed  to  continue  the  same 
work. 

The  original  estimat'e  for  the  improvement  of  the  Hatchie  was  f:)0,000. 
The  amount  appropriated  hy  act  approved  June  14,  1880,'  is  $10,000. 

COMMERCIAL  STATISTICS. 

The  Hatchie  River  rims  through  an  old-settled  and  well-cultivated  couutry,  where  a 
large  amount  of  cotton,  com,  cattle,  and  other  stock  is  raised,  and  on  the  banks  are 
very  valuable  timber  lands,  from  which  a  large  amount  of  saw-logs  are  obtained,  and 
upwards  of  400,000  white-oak  staves  are  shipped  annually  to  the  New  Orleans  market. 

Memphis  is  the  natural  market  for  the  sale  of  cottou  and  for  obtaining  supplies  for 
this  district,  but  the  railroads  have  so  arranged  their  freight  charges  that  the  Dnsineas 
has  been  done  at  other  points.  At  Estoynella,  about  100  miles  from  Bolivar,  the  pro- 
duce has  to  be  hauled  from  12  to  15  miles  to  the  railroad ;  but  should  the  river  be  im- 
proved aud  open  to  navigation  the  distance  to  steamboat  landings  would  be  short. 

The  price  for  carrying  a  bale  of  cotton  by  railroad  from  Bolivar  to  Memphis,  a  dis- 
tance of  70  miles,  was  ^.75,  and  it  has  lately  been  increased  to  |^).25.  The  charge 
from  Bolivar  to  New  Orleans,  a  distance  of  over  400  miles,  is  also  13.25.  By  steamboat 
cotton  can  be  carried  for  $1.50  per  bale,  and  it  is  estimated  that  15,000  bales  would  be 
transported  annually,  which  would  eftect  a  saving  on  freight  of  not  less  than  $1  per 
bale,  making  $15,000  ;  and  estimating  a  sa\%ing  on  return  ^ight  at  the  same  amount, 
an  annual  saving  of  $30,000  would  be  made  were  the  river  opened  to  safe  navigation. 

For  collection  district  and  port  of  entry,  see  report  for  improving  har- 
bor and  Mississippi  River  at  Memphis,  Tenn. 

Money  statement 

Amount  appropriated  bv  act  approved  June  14,  1880 $10, 000  00 

July  1,  1880,  amoimt  available 10,000  00 

Amount  (estimated)  required  for  completion  of  existing  project 20, 000  00 

Amount  that  cai>be  prohtably  expended  in  fiscal  year  ending  June  30, 1882.     10, 000  00 


examination  of  big  hatchie  river,  tennessee. 

United  States  Engineer  Office, 

Memphis,  Tenn.,  December  20,  1879. 

General:  I  have  the  lionor  to  transmit  herewith  the  report  of  Mr. 
Joseph  Burney,  assistant  engineer,  upon  the  examination  of  Big  Hatchie 


APPENDIX   O.  1331 

Kiver,  Tennessee,  made  under  my  direction  in  accordance  with  instruc- 
tions from  your  office  under  date  of  June  16  last.  The  sum  idlotted  for 
the  work  was  from  the  appropriation  of  August  14, 1876,  <<for  examina- 
tions and  surveys  of  such  rivers  and  harbors  as,  in  the  judgment  of  the 
Secretary  of  War.  will  subserve  the  general  interests  of  commerce.'' 

The  question  of  making  an  examination  of  Hatchie  Biver  was  referred 
to  me  in  March,  1877;  but  at  that  time  an  act  of  the  legislature  of  the 
State  of  Tennessee  was  in  force,  which  declared  that  the  river  was  not 
a  navigable  stream,  whereby  the  railroad  companies  were  allowed  to  build 
bridges  without  draws  across  the  river.  Under  such  a  condition  of  affairs 
nothing  was  attempted  by  the  United  States  in  the  way  of  making  the 
contemplated  examination.  The  act  referred  to  was  repealed  at  the  last 
session  of  the  legislature,  and  Hatchie  Biver  is  again  open  to  navigation, 
the  railroad  companies  having  altered  their  bridges  to  conform  to  the 
law. 

The  examination  extended  from  Bolivar  to  the  mouth,  a  distance  esti- 
mated at  240  miles,  and  was  made  when  the  river  was  at  it^  lowest  stage, 
and  consequently  all  obstructions  to  navigation  were  noted.  These  ob- 
staractions  consist  of  snags,  logs^  and  leaning  timber,  and  their  removal 
would  constitute  the  principal  improvement  to  be  carried  on,  in  order 
to  render  the  Hatchie  a  navigable  stream  lor  light-draught  boats  through- 
out the  entire  year. 

The  opening  of  this  river,  which  flows  through  the  richest  and  most 
productive  region  of  West  Tennessee,  will  greatly  promote  the  agricul- 
tural and  commercial  interests  of  that  section,  and  will  furnish  an  addi- 
tional outlet  for  the  transportation  of  the  productions  to  market  at  a 
greatly  reduced  cost. 

In  addition  to  the  shix)ments  of  staves,  which  are  transported  for  home 
and  foreign  markets,  it  is  estimated  that  15,000  bales  of  cotton  will  be 
shipped  from  the  river,  finding  a  market  in  Memphis. 

The  estimated  cost  of  the  improvement  of  the  river  is  $30,000. 
Very  respectfally,  your  obedient  servant, 

W.  H.  H.  Benyaurd, 

Major  of  Engineers. 

Brig.  Gen.  H.  G.  Wright, 

Chief  of  Engineers,  V.  8.  A. 


REPORT  OF  MR.   JOSEPH  BURNEY,   ASSISTANT  ENGINEER. 

Memphis,  Tenn.,  December  11,  1S79. 

Major  :  In  accordance  with  your  instructions  to  make  an  examination  of  tlie  Big 
Hatchie  River  from  Bolivar  to  the  mouth,  with  an  estimate  for  improving  the  naviga- 
tion of  the  same,  I  respectfully  suhmit  the  following  report : 

Upon  receiving  your  instructions,  I  immediately  proceeded  to  Bolivar,  Tenn.,  pur- 
chased a  skiff,  engaged  two  hoatmen,  and  proceeded  slowly  down  the  river,  making 
inquiries  and  observations  at  every  possible  point  alonj;  the  way. 

The  Hatchie  River,  from  Bolivar  to  the  mouth,  is  in  the  State- of  Tennessee,  and 
runs  through  the  counties  of  Lauderdale,  Tipton,  Haywood,  and  Hardeman,  a  dis- 
tance estimated  at  240  miles,  entering  the  Mississippi  River  60  miles  above  Memphis. 
I  consider  the  river  equal  in  size  to  the  Yazoo  River  in  Mississippi  and  the  Ouachita 
River  in  Louisiana  and  Arkansas,  and  capable  of  being  navigated  by  boats  of  a  capac- 
ity adapted  to  those  streams. 

Before  the  year  1866  the  Hatchie  River  was  a  lawful  navigable  stream,  and  from 
six  to  seven  steamboats  were  fully  employed  during  the  cotton  season,  some  of  which 
were  side-wheel  boats,  having  a  carrying  capacity  of  from  1,500  to  1,600  bales  of  cot- 
ton. Navigation  was  not  even  suspended  during  the  lowest  stage  of  water,  for  there 
is  always  sufficient  depth  for  boats  drawing  2  feet. 

About  the  year  1858  the  State  of  Tennessee  appropriated  $32,000  for  the  improve- 
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ment  of  the  river,  the  expenditure  of  which  placed  the  stream  in  a  navigable  condition, 
and  a  very  large  amount  of  business  was  done  upon  it.  In  the  year  1866  the  State 
le^slatni*e  of  Tennessee  declared  the  Hatchie  to  be  an  unnavigable  stream,  and  gave 
permission  to  the  Mississippi  Central,  the  Memphis  and  Louisville,  and  Memphis  and 
Faducah  RaiUxiad  Companies  to  construct  bridges  across  it,  whi<[;h  created  an  efifectual 
blockade,  and  although  many  attempts  have  since  been  made  to  navigate  the  river, 
which  has  led  to  much  litigation,  and  the  United  States  remaining  silent  on  the  ques- 
tion, navigation  has  been  entirely  suspended. 

During  the  present  year  the  legislature  repealed  their  former  act  and  declared  the 
Hatchie  once  more  to  be  a  navigable  stream,  and  ordered  the  Memphis  and  Louisville 
Railroa<l  Company  to  alter  their  bridge  and  put  in  a  draw  span. 

The  principal  obstructions  to  navigation  are : 

Ist.  The  iron  bridge  across  the  river  near  Brownsville,  Tenn.,  belonging  to  the  Mem- 
phis and  Louisville  Railraad  Company.  The  bridge  is  now  being  altered  so  as  to  make 
it  a  drawbridge,  and  will  soon  be  completed,  which  will  entirely  do  away  with  this 
obstruction. 

2d.  The  Memphis  and  Paducah  Railroad  bridge  near  Covington,  Tenn.  This  bridge 
is  constructed  of  wood  and  can  easily  be  removed. 

3(1.  The  leaning  tree«. 

4th.  The  snags,  of  which  there  area  great  number,  making  it  very  difficult  and  dan- 
gerous for  the  steamboats  to  navigate  tJie  river  until  they  are  removed. 

After  a  careful  examination,  and  after  consulting  experienced  river  men,  I  estimate 
that  it  will  take  three  years  to  thoroughly  improve  the  river,  at  a  cost  of  $30,000. 

I  would  respectfully  recommend  that  the  work  be  done  by  chartering  a  li^ht-draoght 
steamboat  with  a  working  crew,  to  remove  the  obstructions  from  tlie  nver  and  cut 
down  the  leaning  trees.  The  expense  of  such  a  boat  and  crew  would  be  from  $100  to 
$120  per  day ;  this  would  allow,  say ; 

Four  months'  work  in  1880 $15,000 

Three  months' work  in  1881 10,000 

Two  months' work  in  1882 5,000 

Total  estimate 30,000 

The  Hatchie  River  runs  through  an  old-settled  and  well-cultivated  country,  where 
a  large  amount  of  cotton,  corn,  cattle,  and  other  stock  is  raised,  and  on  the  banks  are 
very  valuable  timber  lands,  from  which  a  large  amount  of  saw-logs  are  obtained,  and 
upwards  of  400,000  white-oak  staves  are  shipped  annually  to  the  New  Orleans  market. 

Memphis  is  the  natural  market  for  the  sale  of  cotton  and  for  obtaining  supplies  for 
this  district,  but  the  railroads  have  so  arranged  their  freight  charges  that  the  business 
has  been  done  at  other  point-s.  The  price  for  carrying  a  Dale  of  cotton  from  Bolivar 
to  Memphis — a  distance  of  70  miles — wa«  $2.75,  and  it  has  lately  been  increased  to 
$3.25.  The  charges  from  Bolivar  to  New  Orleans — a  distance  of  over  400  miles — is  also 
$3.25.  At  Estoynella,  about  120  miles  from  Bolivar,  the  produce  has  to  be  hauled  from 
12  to  15  miles  to  the  railroad,  but  should  the  river  be  improved  and  open  to  naviga- 
tion the  distance  to  steamboat  landing  would  be  short.  Cotton  can  be  carried  on 
steamboats  for  $1.50  per  bale,  and  it  is  estimated  that  15,000  bales  would  be  trans- 
ported annually,  which  would  effect  a  saving  in  freight  of  not  less  than  $1  per  bale, 
making  $15,000 ;  and  estimating  a  saving  on  return  freight  at  the  same  amount,  an 
annual  saving  of  $30,000  would  be  made  by  the  river  being  open  to  navigation. 

Since  the  State  legislature  has  declared  the  river  to  be  a  navigable  stream,  thus 
adding  240  miles  to  the  navigable  rivers  of  the  United  States,  a  company  has  been 
formed  at  Mempliis,  with  a  capital  of  $25,000,  to  run  two  steamboats  from  Memphis  to 
Bolivar;  but  until  the  channel  is  improved  navigation  will  be  very  dangerous,  and 
oonseouently  freight  charges  must  be  nigh. 

I  believe  that  |^,000  would  thoroughly  improve  the  river  and  be  of  great  benefit 
to  the  inhabitants  of  West  Tennessee. 

I  have  the  honor  to  remain,  very  respectfully, 

Joseph  Bcrnkt. 

M^.  W.  H.  H.  Benyaurd, 

Corps  of  Engineers f  U,  S,  A. 


O    20. 

IMPROVEMENT  OF  THE  MISSISSIPPI  RIVER  AT  NATCHEZ  AND  VIDALIA. 

IRo  work  has  heretofore  been  done  at  this  locality.    With  the  appro- 
priation of  $40,000  made  by  act  of  Congress  approved  June  14  it  is  pro- 
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X>08ed  to  commence  the  revetment  and  protection  of  the  Louisiana  shore 
Along  Marengo  Bend,  in  order  to  stop  the  caving,  and  so  prevent  the 
Mississippi  River  froin  cutting  into  Lake  Concordia.  Work  will  com- 
mence as  soon  as  the  stage  of  water  will  allow. 

With  the  appropriation  asked  for  the  fiscal  year  ending  June  30, 1882, 
it  is  proposed  to  continue  the  work  at  two  points,  Giles  Bend  and  Ma- 
rengo Bend.    The  total  estimated  cost  of  this  work  was  $939,600. 

The  amount  of  cotton  shipped  from  this  port  daring  the  month  of  Jane  was  315  balesy 
making  a  total  of  26,913  bales  of  cotton  shipped  between  September  1,  1879,  and  July 
1,  1880,  besides  a  corresponding  amonnt  of  return  freight.  The  port  of  entry  is  New 
Orleans. 

Money  statement. 

Amount  appropriated  by  act  approved  June  14,  .1880 $40, 000  00 

July  1,  1880,  amount  available 40,000  00 

Amount  (estimated)  reouiredfor  completion  of  existing  project 899,600  00 

Amount  that  can  be  prontably  expended  in  fiscal  year  encung  June  30, 1882.  150, 000  00 


O    21. 


IMPROVEMENT  OF  THE  MISSISSIPPI  RIVER  AND  HARBOR  AT  VICK8BURG, 

MISSISSIPPI. 

Operations  upon  the  work  for  the  protection  of  the  Delta  Point  were 
resnmed  in  Jane,  1879,  and  continaed  until  about  the  middle  of  August, 
when  there  was  an  entire  suspension  of  the  work  ordered,  on  account 
of  the  fears  of  certain  people  that  yellow  fever  would  break  out  among 
the  force  of  laborers  employed,  and  spread  through  the  surrounding 
coanlry.  Work  was  resumed  after  a  month's  delay,  and  continued  untu 
January,  when  the  water  in  the  Mississippi  became  so  high  that  it  was 
absolutely  necessary  to  suspend. 

Over  4,000  feet  of  bank  has  been  revetted,  and  thus  far  has  success- 
folly  prevented  the  further  caving  of  the  bank  where  applied.  There 
still  remains  to  be  protected  about  1,200  feet  between  the  upper  and 
lower  divisions  of  the  work,  and  about  2,300  feet  below. 

The  appropriation  made  by  act  of  June  14  is  so  small,  comparatively, 
that  it  will  not  go  very  far  towards  the  completion  of  the  work.  With 
it  I  propose  to  continue  the  revetment,  and  repair  and  maintain  the 
stability  of  that  already  done. 

The  original  recommendations  of  the  Board  of  Engineers  were  that 
the  work  should  be  carried  out  in  the  following  order :  1st,  protection 
•of  the  Delta  Point;  2d,  construction  of  the  bar  dike;  3d,  dredging  out 
the  inner  harbor.  To  that  intent,  operations  have  been  confined  to  the 
first  purpose.  The  object  of  the  bar  dike  was  to  cut  off  the  eddy  cur- 
rent, and  prevent  the  filling  up  of  the  inner  harbor.  The  position  of 
this  bar  dike  was  on  the  crest  of  the  bar  which  was  being  formed  firom 
the  end  of  De  Soto  Island  towards  Ryan's  Saw-mill.  The  deposit  firom 
the  river,  however,  has  been  so  great  that  the  crest  of  this  bar  is  now 
20  feet  above  low- water,  and  fully  carries  out  the  object  for  which  the 
bar  dike  was  originally  designed.  Soundings  made  within  the  last  few 
•days  show  that  although  we  have  had  a  long-continued  stage  of  high- 
water,  there  ha«  been  no  appreciable  fill  in  the  inner  harbor  directly  in 
front  of  the  elevator  and  steamboat  landing  during  the  past  year. 

Under  this  favorable  condition  of  affairs,  it  is  proposed  to  carry  out 
the  third  recommendatito  as  above,  and  dredge  a  channel  250  feel  \n^e 
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from  Eyan's  Mill  to  the  froDt  of  the  elevator,  at  which  point  it  will  be 
enlarged  into  a  basin  600  feet  wide  and  about  1,800  feet  long ;  the  total 
length  of  the  cut  from  Evan's  Mill  to  the  elevator  being  4,800  feet. 

The  appropriation  of  $250,000  asked  for  is  to  be  applied  as  follows : 
$100,000  to  the  revetment  of  the  Delta  Point,  and  $150,000  to  dredging 
and  preparing  for  the  basin  in  the  inner  harbor. 

For  full  details  of  the  operations,  I  beg  leave  to  refer  to  the  report  of 
Mr.  T.  G.  Dabney,  assistant  engineer,  herewith. 

The  former  appropriations  are  as  follows : 

By  act  approvedJune  18, 1878 $84,000 

By  act  approved  March  3,  1879 50,000 

By  act  approved  June  14,  1880 20,000 

COMMERCIAL  STATISTICS. 

Duriug  the  past  year,  Vicksbiirg  handled  about  56,000  bales  of  cotton ;  and  in  ad- 
dition to  this  there  were  brought  to  Delta,  by  the  Vicksburg,  Shreveport  and  Pacific 
Railroad,  about  43,000  bales. 

It  is  estimated  that  the  value  of  the  commerce  of  Vicksburg  is  between  $7,000,000 
and  $8,000,000  per  year,  outside  of  the  cott<)n  receipts. 

All  the  steamboats  passing  to  and  from  New  Orleans  to  points  further  north  land  at 
this  place,  and  are  more  or  less  aflFected  by  the  improvement  of  the  harbor. 

For  port  of  entry  and  amount  of  revenue  collected,  see  report  on  the 
mprovement  of  moutli  of  Red  River,  Louisiana. 

Money  statement. 

July  1,  1879,  amount  available $95,758  25 

Amount  appropriated  by  act  approved  June  14,  1880 20, 000  00 

$115, 758  25 

July  1,  1880,  amount  expended  during  fiscal  year 94, 971  07 

July  1,  1880,  amount  availfilde 20,787  18 

Amount  (estimated)  required  for  completion  of  existing  project  for  Delta 
Point 100,000  Oa 

Amount  that  can  be  profitably  expended  in  fiscal  year  ending  June  2M), 
1882,  for  Delta  Point  and  dredging 250,000  00 


REPORT  OF  MR.    THOMAS   G.    DABNEY,  ASSISTANT  ENGINEER. 

Vicksburg,  Miss.,  July  1,  1880. 

Major  :  I  have  the  honor  to  submit  the  following  report  of  the  work  intrusted  to 
my  charge  for  the  fiscal  year  Just  ended.  I  will  first  briefly  recall  the  character  and 
object  of  the  work  which  I  have  been  prosecuting  here. 

You  will  remember  that  in  1878  the  Board  of  Engineers,  of  which  General  Simpson 
was  president  and  Major  Suter  and  yourself  meml^rs,  recommended  that  •appropria- 
tion be  made  to  execute  certain  work  for  the  preservation  of  this  harboA  The  first 
step  was  the  revetment  of  the  Delta  peninsula  to  prevent  further  caving  and  stop  tJie 
rapid  recession  of  the  river  from  the  vicinity  of  Vicksburg.  The  second  was  to  con* 
struct  a  dike  from  the  south  end  of  De  Soto  Island  across  the  harbor  along  the  crest 
of  the  bar  in  process  of  formation  to  a  point  about  800  feet  from  the  Vicksburg  shore; 
thence  nearly  parallel  to  the  bank,  converging  slightly  southward  to  deep  water. 

The  basin  thus  inclosed  in  front  of  the  town  was  then  to  be  dredged  to  a  sufiScient 
dejpth  to  accommodate^  the  commerce  of  the  place,  a  channel  of  approach  being  main- 
tained to  the  river.  t 

In  1878  Congress  made  an  appropriation  for  this  work,  the  amount  appropriated 
being  the  estimated  cost  of  the  first  step  only  of  the  system  recommended  for  the 
restoration  of  thiH  harbor ;  that  is,  the  revetment  of  the  caving  bank  along  the  Delta 
peninsula.  The  estimate  of  cost  for  this  work  was  made  witnout  previous  ex- 
perience in  such  operations  with  the  conditions  here  prevailing,  very  deep  water  and 
rapid  current,  proved  too  low  by  nearly  one-half,  thongli  the  cost  was  much  increased  by 


APPENDIX    O.  1335 

exceptional  nntoward  circiimstancos,  as  the  pr<*valence  of  the  yellow-fever  epidemic  of 
1^8  and  the  suspeusion  of  the  work  in  1H79  trom  apprehenaions  of  a  similar  visitation. 
Owin^  to  the  experimental  character  of  this  application,  a  revetment  of  willow 
mattresMes,  ami  the  necessity  for  a  gra^inal  development  of  the  process,  hut  little  ma- 
terial proffi-eas  was  made  after  the  subsidence  of  the  fever  in  lB78,  the  season  being 
exceMinffly  unfavorable,  a  strong  motive  existing,  however,  to  utilize  the  time  as  far 
as  po68ible  and  arrest  the  rapid  caving  of  the  bank.     Valuable  experience  was  gained, 
but  at  a  considerable  cost,  which  proved  useful  the  following  season.     Last  summer 
(1879)  work  was  resumed  as  early  as  the  stage  of  water  in  the  river  would  permit,  on 
the  27th  of  June ;  the  operations  were  ])ushed  vigorously  until  August  12,  when  there 
!  wa8  an  entire  suspension  of  the  work.     This  very  unfortunate  stoppage  arose  partly 

J  from  the  genuine  fears  of  certain  people  lest  yellow  fever  should  invade  my  force  of 

I  laborers  an<l  thence  communicate  itself  to  the  adjacent  country,  but  largely  to  petty 

\  bickerings  and  jealousies  between  small  local  boards  of  health  ;  and  although  such 

an  oliservation  is  perhaps  out  of  place  here,  I  cannot  refrain  from  expressing  the  hope 
that  the  national  government  will  assume  entin*  control  over  all  matters  of  <piaran- 
tine,  and  n*gulat<;  the  subject  with  some  kind  of.  system  and  common  sense,  a**  local 
qnarantine  became  an  intolerable  evil  last  year. 

The  danger  which  it  was  alleged  was  apprehended  from  the  presence  of  my  work- 
men near  Delta  apjjeared  to  me  to  be  so  remote  and  the  remedy  so  easy,  if  it  should 
ari»»\  to  wit.  the  dis]>ersion  of  my  force,  that  I  resisted  the  effort  to  procure  a  stop- 
page of  the  work  as  far  as  possible,  having  a  lively  sense  of  the  importance  of  utiliz- 
ing 80  favorable  a  season,  but  an  order  from  the  Secretary  of  War,  through  yourself, 
rei\uire<l  me  to  sus]iend  the  work  as  above  recited  on  August  12.  It  is  rather  a  curi- 
onafact  that  the  inhabitants  of  both  Vicksburgand  Delta,  being  immediately  contig- 
nouHto  the  work  and  pi-epoiulerating  largely  in  numbers,  were  opposed  to  its  suspen- 
sion; Imt  the  trouble  came  chiefly  ti'om  people  living  along  the  line  of  railroad,  in 
the  parishes  further  west,  from  35  to  75  miles  back,  their  fears  being  magnified  in 
proportion  to  their  remoteness  from  danger. 

My  force  of  some  250  men,  well  organized  and  tmeratiug  very  successftiUy,  was  of 
conree  entirely  dissipated.  A  mouth  later  the  work  was  resumed  by  your  order,  but 
mnoh  more  time  was  lost  before  the  working  force  could  be  brought  up  to  the  same 
standard  of  strength  and  eflSciency.  This  interruption  was  most  unfortunate  in  all 
respectn,  greatly  marring  the  opportunity  attbr<led  by  an  exceptionally  long  and  favor- 
able low-water  season  for  the  accomplishment  of  this  work.  On  January  9  the  last 
mattress  was  sunk,  the  river  having  then  attained  such  a  height  as  to  render  the  oper- 
ation verj-  difficult ;  and,  doubtful  of  results,  the  work  was  discontinned  for  the  sea- 
son. One  hundred  and  twelve  mattresses  were  constructed  during  the  season  and 
disposed  of,  nearly  all  successfully ;  4  of  them  wei*e  entirely  lost  in  the  effort  to  sink 
them,  and  there  were  fragments  which  broke  away  from  some  others  that  were  of 
extra  length,  but  the  great  majority  were  properly  sunk,  my  system  of  operating  liav- 
ingattained  a  considerable  degree  of  perfection  during  the  progress  of  the  work. 

The  revetment  was  carriexi  along  from  the  npper  end  of  the  work  to  a  point  about 
2,70Ufeet  below,  which  extent  of  bank  wjis  thoroughly  well  protected.  At  this  junc- 
ture it  became  obvious  tliat  thei-e  was  not  sufWcient  time  left  to  complete  the  work  to 
the  extremity  of  the  |>eninsula.  It  was  therefore  deemed  advisable  to  skip  a  portion 
of  the  bank  which  was  retire<l  fVom  the  current  to  a  considerable  degree,  and  utilize 
the  remainder  of  the  season  in  covering  as  uuich  as  possible  of  the  greatly  exposed 
locality  further  down.  This  was  accordingly  done,  and  between  l,6(K>  and  1,700  feet 
of  tuink  below  the  Delta  wharf-boat  was  well  covered. 

The  operation  of  sinking  mattivsses  at  this  ])art  of  the  work  was  at  first  very  diffi- 
cnll,  owing  to  the  presence  of  deep  water  inshore,  from  70  to  MO  feet,  and  a  remark- 
ably strong  current  impinging  against  the  bank.  There  were  in  consequence  some 
disastem  in  the  earlier  stages  of  the  operation,  but  a  system  was  gradually  perfected 
by  which  the  mattresses  were  sunk  with  certainty  and  promptness,  as  many  as  four 
having  been^uuk  in  a  day,  with  one  set  of  men  and  appliances. 

The  mattresses  were  from  125  to  175  feet  in  length,  50  feet  wide,  and  about  2  feet 
thick.  On  the  upper  extremity  of  the  work,  the  slope  of  the  bank  being  longer,  the 
mattresses  used  were  generally  175  feet  long,  while  at  the  lower  extremity  they  were 
140  feet  long.  8ome  were  made  only  18  inches  thick,  but  it  was  found  much  more 
difBcalt  to  sink  them  successfully  in  deep  water  and  strong  current. 

When  this  extent  of  work  ha*!  been  accomplished,  the  river  had  reached  so  high  a 
stage  that  ojieratlons  were  both  hazardous  and  expensive,  and  the  bars  being  to  a 
large  extent  covered  with  water,  it  became  impossible  to  procure  a  suflicient  supply 
of  willows.  A  few  more  mattresses  were  sunk  in  continuation  of  the  upper  part  of 
the  lower  detached  work,  with  the  hope  of  protecting  that  part  In  some  measure, 
they  being  ulaced  parallel  to  the  bank  an<l  covering  the  slope  for  some  50  feet  below 
low-water  line.  The  pn)tection  atfonled  by  them  is  not  very  decided,  though  they 
donbtleas  retarded  the  caving. 
The  experiment  was  then  made  of  sinking  ".screens"  in  the  po8\t\oi\  o{  Hpxu  \\We,H, 
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a  small  force  of  workmen  beiu^  retained  for  that  purpose.  This  idea  was  obtained 
from  Major  Charles  R.  Suter,  United  States  Engineer,  he  having  used  them  with  very 
good  effect  in  the  Missouri  River,  but  under  conditions  quite  different  from  thoee  pre- 
vailing here,  as  he  had  much  less  depth  of  water  and  velocity  of  current  to  operate 
in.  The  experiment  here  was  made  at  such  a  high  stage  of  water,  and  consequent 
rapid  current,  and  I  was  so  much  harassed  with  drift-wood  during  the  operations, 
that  no  determinate  result  was  obtained,  which  was  a  source  of  mnch  regret,  as  I 
was  anxious  to  test  the  principle  as  applicable  here. 

During  the  prevalence  of  high-water  this  season,  I  have  watched  with  great  interest 
and  anxiety  tne  effect  upon  the  mattress  revetment,  and,  now  that  the  ordeal  is 
passed,  I  felicitate  myself  up9n  the  good  condition  of  the  work  and  the  faithfuluem 
with  which  it  has  resisted  the  attacks  of  the  river. 

The  upper  division  of  the  work  is  absolutely  intact.  The  lower  part,  being  vulner- 
able at  both  its  extremeties,  suffered  somewhat,  but  less  than  was  anticipated.  I  am 
now  convinced  that  the  problem  of  securing  the  banks  of  the  Mississippi  River  from 
caving  has  been  solved, but  the  process  under  such  difficult  conditions  is  probably  too 
costly  for  very  general  application,  my  operations  having  demonstrated  the  cost  to  be 
about  $18  per  linear  foot ;  the  estimate  was  made  during  a  period  when  the  work  was 
proceeding  favorably. 

The  conditions  here  ai*e  exceptionally  difficult,  however,  owing  to  the  high  velocity 
of  the  current,  a  result  of  the  cut-off. 

There  remains  uncovered  about  1,200  feet  of  bank  between  the  upi>er  and  lower 
work,  and  2,300  feet  below  the  lower  work.  The  gap  between  the  detached  portious 
of  the  revetment  has  caved  rather  alarmingly  this  season,  much  more  thau  I  had  sup- 
posed. The  river  there  now  threatens  the  Delta  depot  and  railroad  terminus.  It  is 
highly  desirable  that  it  should  be  protected  this  fall,  but  unfortunately  the  means  at 
hand  are  insufficient.  The  caving  at  the  lower  extremity  of  the  peninsula  has  dimin- 
ished to  a  marked  degree,  which  is  attributed  to  the  revetment  higher  up,  the  presence 
of  which  partly  directs  the  current  from  the  bank  below. 

The  appropriation  made  by  the  last  Congr€^ss  for  this  work  is  so  small,  and  the  for- 
mer appropriation  so  nearly  exhausted,  that  little  progress  can  be  made  the  present 
season  i  n  advancing  it  towards  completion.  I  can  hope  to  do  little  more  than  strengthen 
weak  places  and  preserve  the  work  already  accomplished,  until  another  Congress  shall 
determine  whether  this  work  shall  be  completed  or  allowed  to  be  gradually  destroyed 
by  the  attacks  of  the  river,  a  result  which  I  am  afraid  will  ensue  from  it«  uncompleted 
state. 

I  will  now  recur  to  the  subject  of  the  work  which  it  is  desirable  to  do  in  the  harbor 
I>roper,  to  restore  and  maintain  deep  water  therein. 

Referring  to  the  report  of  General  Simpson^s  Board,  in  relation  to  this  matter,  made 
in  1878,  it  will  be  seen  that  it  was  recommended  to  construct  a  dike  from  the  south  end 
of  De  Soto  Island  across  in  the  direction  of  the  Cotton  Compress,  to  a  point  about  800 
feet  from  the  Vicksburg  shore,  thence  about  parallel  to  this  bank  down  to  a  point  be- 
low Ryan's  Mill  to  deep  water.  This  dike  would  be  along  the  cre^t  of  the  bar  then 
forming.  The  next  step  was  to  dredge  a  channel  of  communication  between  the  shore 
and  parallel  dike,  from  deep  water  below  to  the  city  front,  where  a  basin  of  sufficient 
capacity  for  th<^  commerce  of  the  place  should  be  constructed  by  the  same  process. 

The  cost  of  these  two  operations  was  estimated  at  $254,000,  in  addition  to  the  revet- 
ment of  Delta  peninsula. 

The  developements  of  the  last  high-water  season  show  the  wisdom  of  this  plan  of 
procedure.  The  crest  of  the  bar  upon  which  the  dike  was  to  have  Ixien  constructed 
lias  now  reached  an  elevation  approaching  that  of  the  proposed  dike,  and  the  effect 
has  been  to  exclude  the  inflow  of  water  from  the  river  below,  which  heretofore  passed 
up  by  the  city  lauding,  and  thence  around  De  Soto  Island,  bringing  up  with  it  large 
quantities  of  mud  and  sand,  which  was  deposited  in  the  harbor.  There  has  been  since 
last  season  no  appreciable  amount  of  deposit  in  front  of  the  town,  and  as  the  crest  of  that 
bar  continues  to  rise  higher  from  year  to  year,  it  is  manifest  that  additional  security 
will  be  afforded,  and  the  construction  of  the  proposed  dike  may  be  entirely  disi^ensed 
with,  saving  in  that  direction  the  estimated  cost  of  $154,000.  The  additional  amount 
of  dredging,  however,  rendered  necessary  by  additional  filling  since  the  first  estimate 
was  made,  brings  the  present  estimate  up  to  almost  exactly  the  original  amount. 

It  is  now  pro|)08eil  and  recommended  that  a  channel  be  oiiened  from  deep  water 
below  Ryan's  Mill  to  the  elevator  building,  the  channel  to  be  250  feet  wide  at  the 
elevator,  to  be  enlarged  into  a  basin  600  feet  wide,  and  extending  1,800  feet  along  the 
city  front.  This  should  he  dredged  to  a  depth  of  15  feet  below  low-water  level.  The 
channel  of  communication  will  be  4,800  feet  long,  and  the  average  depth  of  the 
excavation  will  be  26  feet.  In  the  baitin  the  depth  of  excavation  will  be  27  feet.  The 
estimated  amount  of  cubic  yards  of  material  to  be  removed  is  2,235,555.  This  is  esti- 
mated to  cost  15  cents  per  yard,  making  $«'^,333.25.  It  is  deemed  expedient  to  pro- 
tect the  side  slopes  of  tne  excavation  by  iin  application  of  brush  revetment,  whicli  is 
c«tiinat4Ml  to  cost  $30,000,  making  a  total  of  $365,333.25  for  the  whole  work.    The 
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operatiou  of  dredging  would  be  carried  on  progreiwively  in  different  stages  of  the 
water,  and  it  is  estimated  that  $150,000  of  the  above  sam  could  be  profitably  expended 
on  this  part  of  the  work  during  next  season^  which,  with  $100,000  that  ought  to  be 
applied  to  the  completion  of  the  revetment  on  the  Delta  side,  will  make  $250, Om),  which 
it  is  recommended  be  appropriated  for  these  purposes. 

In  considering  the  question  of  excavating  a  harbor,  it  should  be  borne  in  mind  that 
there  will  be  an  annual  silting  up  to  some  extent  of  the  mouth  of  the  channel  of  com- 
munication, but  it  will  require  but  little  work  at  the  subsidence  of  each  high- water 
to  keep  the  mouth  open,  the  cost  of  which  will  doubtless  be  cheerfully  assumed  by  the 
city  of  Vicksburg. 

This  report  will  be  accompanied  by  a  tracing,  showing  the  changes  which  have  oc- 
curred in  the  harbor  and  vicinity  since  my  last  annual  rejiort,  and  the  position  of  the 
piopoeed  excavation  in  the  harbor. 

I  have  the  honor  to  be,  very  respectfully,  your  obedient  servant, 

T.  G.  Dabney, 

Astristant  Engineer. 
Maj.  W.  H.  H.  Bknvaurd, 

Corps  of  KngineerSy  l\  S.  A, 


O   22. 

IMPROVEMENT  OF  THE   MISSISSIPPI  RIVER  AND  HARBOR  AT  MEMPHIS, 

TENNESSEE. 

At  the  commencement  of  the  fiscal  year  the  work  upon  the  protection 
of  the  bank  along  the  city  front  was  in  course  of  prosecution.  Matters 
were  progressing  favorably  when,  in  July,  the  yellow  fever  made  it«  ap- 
pearance, and  we  were  compelled  to  suspend  operations  for  the  summer. 
In  November  work  was  again  resumed  and  continued  until  February, 
when  high-water  put  an  end  to  the  operations  for  the  season. 

Up  to  the  end  of  the  fiscal  year  some  2,000  feet  of  bank  protection 
has  been  applied,  and  with  favorable  results.  It  was  unfortunate  that 
we  had  to  suspend  operations  last  summer,  as  the  water  in  the  Missis- 
sippi reached  a  very  low  stage,  and  continued  so  for  along  i>eriod.  Had 
it  not  been  for  the  fever  we  would  have  made  considerable  progress. 

So  far  the  work  has  been  successful,  where  applied,  in  attaining  the 
object  in  view,  \iz,  the  prevention  of  the  bank  caving  along  the  city 
front. 

An  examination  made  lately  by  a  diver  showed  the  mattresses  still  in 
position  along  the  bank  and  filled  with  sediment,  and  without  any  caving 
apparent,  except  in  one  instance  at  the  mouth  of  Wolf  Kiver,  and  this 
was  caused  by  a  flood  from  that  stream  when  the  Mississippi  was  com- 
paratively low.    Otherwise  the  mattress  protection  remains  intact. 

It  has  this  past  season  been  subjected  to  a  severe  test^  the  water 
having  been  in  a  very  high  stage  for  upwards  of  six  months,  completely 
saturating  the  banks ;  still,  when  the  water  declined,  no  cracks  or  cavings 
in  the  banks  were  to  be  observed. 

During  the  coming  season  it  is  proposed  to  continue  the  work  upon 
the  bank  protection,  and  the  appropriation  asked  for  for  the  fiscal  year 
ending  June  30, 1882,  will  be  applied  to  the  same  puriwse. 

For  the  details  of  the  operations  I  beg  leave  to  refer  to  the  report  of 
Mr.  Joseph  Burney,  assistant  engineer,  here¥rlth. 

COMMERCIAL  STATISTICS. 

Merchandise  and  prodnce  sold  for  twelve  months  ending  September  1,  1879, 
166,500,000.  Of  this  amount  $19,500,000  was  cotton  ;  home  produce  and  home  manu- 
facture, $3,200,000. 

Amount  of  cotton  received  from  SeptemJyer  1, 1879,  to  June  30, 1880,  ws«4%,*3ft\^i«Aft%, 
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Nnmbor  of  Hteamboat  ]andiD»i  at  Memphis  during  twelve  months,  2, 150.  Wharf> 
age  tax  to  steaml>oat8,  charge<n>y  the  city  for  twelve  months^  $30,000. 

The  collections  at  custom-houHe  in  MeraphiM,  Tenn.,  during  the  year  ending  June, 
1880,  are  as  follows : 

Duties  on  imports $14,5»4  23 

Hospital  dues  (marine) 1,853  U> 

Steamboat  inspection 1, 590  55 

Licenses  to  engineers,  pilots,  &c 2, 770  00 

Total 20.767  97 

Population  of  Memphis  is  34,000. 

The  total  estimated  cost  of  this  improvement  was  #170,000. 

The  former  appropriations  are  as  follows  : 

By  act  approved  June  18,  1878 :j46,(KM> 

By  act  approved  March  3,  1879 :W,00«) 

By  act  approved  June  14,  1880 15. 000 

Money  statement 

July  1,  1879,  amount  available $46,825  39 

Amount  appropriated  by  act  approved  June  14,  1880 15, 000  00 

1^1,825  39 

July  1,  1880,  amount  exi)ended  during  fiscal  year 30, 32:$  55 

July  1,  1880,  amount  available 31,501  84 

Amount  (estimated)  required  for  completion  of  existing  project 72, 000  00 

Amount  that  can  be  profitably  expended  in  fiscal  year  ending  Juno  30, 1882.     72, 000  00 


report  of  mr.  joseph  burxky,  assistant  engixekr. 

United  States  Engineer  Office, 

Memphig,  Tenn.^  June  30,  1880. 

Ma.jor:  I  have  the  honor  to  submit  the  annual  report  of  operations  in  the  protection 
of  the  Memphis  river  front  for  the  year  ending  June  30,  1880. 

In  my  last  report,  date<l  June  30,  1879,  I  stated  **at  the  present  date  the  working 
party  is  thorougly  organized  and  the  work  progressing  steadily  and  satisfactorily.** 

At  this  time  all  promised  favorably  for  a  good  season's  work  dnring  the  low-water 
stage.  We  had  ma<le  favorable  arrangements  for  obtaining  stone  from  the  Ohio,  and 
willows,  &c.,  from  up  the  nver,  tug  chartered  aud  flatboats  and  barges  engageii, 
when  the  yellow  fever  appeared  in  Memphis,  July  15,  1879,  and  we  were  compelled  to 
abandon  the  work. 

Our  orders  for  stone  were  countermanded  and  the  workmen  discharged.  The  took*, 
boats,  and  outfit,  belonging  to  the  government,  were  towed  30  miles  up  the  river, 
where  they  remained  until  the  fever  was  over. 

Immediately  after  the  city  authorities  officially  declared  the  fever  over, work  wa^ 
resumed  under  very  unfavorable  circumstances;  the  low-water  season  was  nearly  over 
and  all  arrangements  had  to  be  made  anew.  We  were  considerably  delayed  in  obtain- 
ing stone,  which  had  to  be  brought  from  the  Ohio  River,  a  distance  of  over  500  miles, 
and  in  order  to  keep  the  workmen  employed  until  the  stone  arrived  we  had  to  use 
sacks  filled  with  earth,  which  are  not  suitable  for  binking  the  mattresses  with;  also 
during  the  time  we  were  at  work  the  river  was  steadily  rising  and  had  a  very  swift 
current. 

We  had  to  suspend  work  temporarily  at  times  on  account  of  high-water  and  the 
work  was  entirely  suspended  February  19,  1880.  Since  that  date  no  work  has  been 
done  except  taking  care  of  government  property  and  refiairing  buildings  and  mattrc:$s 
ways  at  the  month  of  Wolf  River. 

The  work  of  protecting  the  river  bank  consists  in  the  construction  of  willow  mat- 
tresses and  sinking  them  along  the  river  front.  The  mattresses  were  constrnctecl  as 
described  in  my  last  annual  report,  and  it  takes  about  40  cubic  yards  of  stone  to  sink 
and  properly  ballast  each  mattress. 

During  the  past  twelve  months  we  have  protected  1,300  linear  feet  of  river  front. 
For  this  purpose  we  have  constructed  and  sunk  30  mattresses,  each  130  bv  55  by  2.5 
feet.     We  have  constructed* on  bank,  above  low-water,  600  linear  feet  of  shore  work 
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40  feet  wide,  3.5  feet  thick.    ThiH  work  is  coiiRtnicted,  like  the  mattress  work,  of  willows 
i^nd  poles,  but  is  built  upou  the  bank  when  the  water  is  at  a  low  stage. 

In  the  work  we  have  used  2,760  cords  of  willow  brush,  7,520  cotton-wood  poles,  800 
white-oak  pins  4  feet  long  by  1  inch  diameter,  6,300  white-oak  pins  12  by  f  niches,^ 
coilft  of  No.  12  annealed  wire  64  pounds  to  the  coil,  1,154  cubic  yaixls  of  stone,  1,500 
sand  bags,  and  we  have  driven  50  cypress  piles  40  feet  long  and  1.5  feet  diameter. 

As  the  willow  mattresses  for  the  protection  of  caving  banks  on  the  Lower  Mississippi 

River  have  only  been  used  for  the  last  two  yeare,  and  we  are  constantly  receiving 

inquiries  as  to  the  benefit  derived  from  them,  in  order  to  show  clearly  the  result  of 

their  ose  at  Memphis,  I  will  give  a  short  history  of  the  work  at  this  point  from  the 

commencement. 

In  1876  the  Mississippi  River  was  fast  encroaching  upon  the  wharf  and  upper  river 

front.    In  three  years,  immediately  above  the  foot  of  Jefferson  street,  it  had  caved 

back  over  350  feet,  taking  in  a  great  many  valuable  building,  and  was  steadily  caving 

at  the  rate  of  100  feet  per  year.     Above  Wolf  River  the  caving  was  at  the  rate  of  150 

feet  per  year.     A  great  amount  of  valuable  business  property  was  in  immediate  danger 

of  beinglost,  and  no  permanent  improvement  could  be  made  on  the  river  front. 

In  1877  you  were  instructed  to  make  a  survey  of  the  river  front  and  submit  a  project 
with  estimate  of  cost  for  its  protection.  The  same  year  you  submitted  a  report,  rec- 
ommending that  the  river  front  from  Frames  Chute,  above  Wolf  River,  to  the  eleva- 
tor, at  the  foot  of  Beal  street,  a  distance  of  7,600  feet,  should  be  iirotected  with  willow 
mattresses  from  10  feet  above  low- water  to  the  bed  of  the  river,  at  an  estimated  cost 
of  $170,000.     This  project  and  estimate  was  ajjproved  ami  ^6,000  appropriated. 

The  front  to  be  protected  was  in  two  divisions;  the  first  division  was  above  Wolf 
River  and  2,000  feet  long;  the  second  below  Wolf  River  and  extending  along  the 
front  of  Memphis,  being  >5,600  feet  long.  Had  the  full  amount  been  appropriated  as 
yon  recommended,  it  was  your  intention  to  protect  the  upper  division  first,  but  as  only  . 
I  small  part  of  the  appropriation  was  made,  you  determined  to  begin  on  the  lower 
division,  on  which  was  located  some  of  the  most  valuable  property  on  the  river  front,, 
consisting  of  stores,  oil  mill,  cotton  sheds,  railroad  depot,  <&c.,  all  in  immediate  danger 
of  caving  into  the  river.  The  first  place  protected  was  the  old  navy-yard.  Forty 
Tears  ago  the  navy -yard  formed  a  part  of  the  Mississippi  River  and  was  used  for  a  flat- 
boat  landing,  when  a  sand  bar  began  to  fonu  in  front  of  the  landing  and  pushed  rap- 
idly out  for  over  1,000  feet  from  the  old  bank. 

The  sand  bar  rose  to  a  considerable  height  above  low-water,  but  has  always  been 
subject  to  overflow  at  a  high  stage.     Upon  this  sand  bar  the  United  States  Govem- 
ment  located  the  Memphis  navy-yai*d,  and  constructed  upon  it  over  $1,000,000  worth 
of  building  and  machinery.     Some  years  a^o  the  yard  was  abandoned  and  the  ground 
and  building  given  to  the  city  of  Memphis.     Shortly  after  the  navy-yard  was  aban- 
doned the  nver  began  to  encroach  uiion  it,  and  has  carried  away  over  400  feet,  and 
but  for  the  willow  mattresses  would  soon  regain  it«  old  channel.     In  front  of  the  navy- 
yanl  fit)m  low- water  mark  to  the  bed  of  the  river  the  average  depth  of  water  is  from 
60  to  70  feet,  and  the  rise  and  fall  of  the  river  at  this  port  is  .'S.75  feet.     July  15,  1878, 
acflve  operations  wei-e  commenced.    We  hadsucceedecl  in  making  all  necessary  arrange- 
ments, organized  our  working  parties,  constructed  work-shops,  mattrass-ways,  dec, 
and  were  all  ready  for  sinking  mattresses  when  the  yellow  fever  appeared  in  Mem- 
phis, August  14,  and  we  had  to  suspend  operations  until  November  7,  when  the  low- 
water  season  was  nearly  over.    The  work  was  much  interrupted  by  the  rising  water 
and  heavy  drift-wooil,  and  in  January,  1880,  the  river  was  entirely  covered  by  float- 
ioff  ice  and  the  work  had  to  be  suspended. 

Up  to  June  30, 1879,  we  protected  675  feet  of  river  front.  An  examination  was  nnule 
in  low-water,  with  the  following  result :  800  feet  above  our  work  it  had  caved  back 
150  feet,  gradually  growing  less  to  the  mattress  work,  where  no  caving  occurred  along 
the  675  feet  protect^.  Below  it  had  caved  a  little,  an<l  400  feet  below  the  cave-back 
was  62  feet.  Mav  20, 1879,  the  water  was  at  a  suitable  stage  and  work  was  continued 
as  described  at  the  beginning  of  this  report.  Up  to  date  we  have  succeeded  in  pro- 
teetiDg  1,975  feet  of  river  front  extending  from  the  mouth  of  Wolf  River  to  the  foot  of 
Poplar  street.  An  examination  was  made,  when  the  gauge  read  14  feet  above  low- 
water,  and  a  diver  made  an  examination  of  the  mattresses  under  water. 

It  was  found  that  all  the  mattresses  were  still  on  the  front,  but  about  four  ha<l  been 
moved  a  little  out  of  position  down  stream  and  into  deeper  water  on  account  of  the 
steep  bank  on  which  they  had  to  lie.  On  the  matresses  that  were  first  placed  down, 
at  their  outer  ends  there  was  from  3  to  4  feet  of  solid  deposit,  while  all  were  com- 
pletelv  filled  level  with  deposit.  Of  the  whole  bank  protected  not  a  single  foot  has 
been  lost  with  the  exception  of  125  feet  by  10  feet  at  the  mouth  of  Wolf  Kiver ;  this 
was  caused  by  a  heavy  freshet  in  Wolf  River  while  the  Mississippi  was  at  a  low  stage. 
The  freshet  on  striking  the  Mississippi  formed  a  large  whirlpool,  which  in  three  days 
scoored  out  a  bole  70  feet  deep  from  a  depth  of  10  feet.  This  carried  out  to  deep  water 
two  of  our  mattresses.  Since  that  time  the  washout  is  fast  filling  up,  the  bank  can 
be  readily  repaired,  and  by  revetting  the  side  up  Wolf  River  the  danger  \u  twtww  ctvw 
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be  avoided.  While  there  has  been  no  caving  on  the  bank  protected  on  the  first  divi*- 
ion  above  Wolf  River,  where  no  work  ha«  been  done,  the  caving  has  been  great ;  800 
feet  above  our  work  the  cave  for  12  months  has  been  140  feet,  gradually  growing  less 
to  our  work,  where  the  cave  is  stopped.  Thus,  in  two  years  this  part  has  caved 
off  nearly  300  feet.  Immediately  below  the  work  a  little  caving  took  place,  and  150 
feet  below  the  cave  is  75  feet.  At  this  point  two  railroad  lines  and  railroad  depot 
front  on  the  river,  and  in  order  to  save  tnem  from  caving  in  the  company  drove  over 
300  piles  40  feet  long  by  1.5  diameter,  at  a  cost  of  about  |7,000,  but  so  soon  as^e 
water  fell  the  bank  caved  in  and  is  now  undermining  the  railroad  depot,  while  where 
our  mattress  work  is,  about  150  feet  above  the  piles,  not  the  slightest  cra<;k  or  sign  of 
caving  can  be  seen. 

Considerable  interest  has  been  taken  in  the  work  by  those  interested  in  protecting 
the  river  banks.    Some  time  ago  one  of  our  daily  newspapers  criticized  the  work, 
stating  that  some  of  the  mattresses  had  floated  off,  the  bank  caved  in,  and  willow 
matresses  for  the  i)rotection  of  the  river  bank  a  failure.    This  I  immediately  denied 
and  offered  them  every  facility  to  make  an  examination  of  the  work,  but  this  they 
declined.     I  then  applied  to  some  of  our  most  prominent  andpi'actical  river  men,  who 
had  nearly  daily  seen  the  work  since  its  beginning,  for  their  opinion  of  the  work.    As 
those  gentlemen  are  all  well  known  on  the  river,  I  give  a  few  of  the  letters  received^ 
showing  their  opinion  of  the  work  done  on  the  river  frout. 

letter  of  superintendent  of  toe  memphis  and  little  rock  railroad. 

Memphis  and  Little  Rock  Railroad, 
Office  of  Superintendent, 

Memphis,  Tenn.,  February  12,  1860. 

Dear  Sir  :  My  attention  having  been  called  to  an  article  in  one  of  the  daily  papers 
of  the  7th  instant,  purporting  that  the  track  of  the  Memphis  ana  Little  Rock  Railroad 
having  been  protected  by  ripraps  had  caved  in,  the  mattresses  having  taken  their 
departure  for  some  points  below,  I  beg  to  state  that  no  mattresses  were  ever  placed  in 
frout  of  the  Memphis  and  Little  Rock  Railroad  depot  at  the  i>oint  where  the  bank 
has  caved.  I  am  inclined  to  the  opinion  that  if  they  had  extended  that  far  the  bank 
would  have  been  protected. 
Yours,  truly, 

W.  E.  Smith, 
SuperiHteHdent. 
Mr.  Joseph  Burnkv. 

I  give  below  letter  itjceivetl  from  the  captains  of  the  harbor  tugs : 

letter  of  captains  op  the  harror  tugs. 

Memphis,  Tenn.,  Februtny  11,  1880. 

We,  the  undei'signed,  have  watched  the  mattress  work  since  its  commencement.  At 
first  we  thought  it  doubtful,  but  up  to  the  present  time  it  has  succeeded  beyond  our 
utmost  expectations.  We  have  seen  no  caving  of  the  bank  protected,  while  rapid 
oaving  is  now  taking  place  both  above  and  below  where  it  is  unprotected. 

The  statement  in  the  Avalanch  that  the  mattresses  in  front  of  the  Little  Rock  Rail- 
road had  floated  off  is  untrue,  to  our  knowledge.    That  point  was  unprotected ;  if  it 
had  been,  we  think  it  would  nave  been  saved.     We  have  never  seen  a  mattress  float 
4iway,  and  believe  that  every  mattress  sunk  yet  remains  in  its  position. 
Any  assistance  we  can  render  you  on  the  work  will  be  cheerfully  given. 

W.  W.  Maingault, 
Captain  Steamer  General  Pierwn, 
N.  B.  McNeely, 

Captain  Tug  Orioh. 
Li,  E.  Patton, 

Captain  Tug  Clarence. 
M.  R.  McNeely, 

Captain  Tug  De  Soto. 
Mr.  Joseph  Burney. 

I  give  below  letters  received  from  property  owners: 

LETTER  of  MR.   R.   P.   GLENN. 

Memphis,  February  11,  1880. 

Dear  Sir  :  I  have  been  a  close  observer  of  your  work  in  placing  mattresses  on  the 
river  front  of  Memphis,  and  have  felt  a  deep  interest  in  them.     I  am  convinced  they 
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will  accomplish  the  end  iu  view,  as  where  completed  the  banks  are  intact,  and  where 
the  work  has  been  only  partially  done  a  marked  improvement  is  shown. 

Where  the  mattresses  have  moved  at  all,  it  has  only  been  to  deeper  water,  thereby 
beinc  of  more  service.     But  for  the  one  at  my  warehouse,  I  am  convinced  my  walU 
woaid  ere  this  have  fallen  in ;  as  it  is,  the  walls,  the  bank  and  mattresses  are  all 
intact,  just  as  when  placed ;  whereas  above,  where  there  are  none,  the  caving  is  seri- 
ous, the  same  as  at  the  railroad. 

R.  P.  Glenn. 
Mr.  Joseph  Burney. 

LETTER   OF    MESSRS.    fROWN   &  JONES. 

Memphis,  Texn.,  February  9 j  1880. 

In  the  pafit  few  years  we  have  lost  by  caving  banks  over  $30,000.  Since  the  mattresses 
ba?ebeen  placed  in  front  of  our  property  we  have  not  sustained  the  slightest  injury. 
We  are  int-erested  in  the  work,  and  have  watched  it  carefully  since  the  commence- 
ment, and  up  to  the  present  time  the  work  has  been  very  successful,  and  hope  it  may 
continue  so. 

Most  respectfully. 

Brown  a  Jones, 

Coal  DealerSy  cfo. 

Mr.  J08BPH  BURNEY. 

letter  of  union  cotton  compress  company. 

Office  Union  Cotton  Compress  Company. 

Dear  Sir:  In  answer  to  your  inquiry  as  tto  what  effect  the  sinking  of  mattresses  in 
front  of  what  was  formerly* known  as  the  navy-yard  property,  will  say,  before  yon 
commenced  the  great  work,  the  caving  in  or  washing  away  of  the  river  front  was 
•bout  100  feet  each  year.  Your  first  mattress  was  sunk  on  the  south  side  of  Wolf 
Si^er,  where  it  entero  into  the  Mississippi  River,  and  has  effectually  checked  the  wash- 
ing away  of  the  embankment  at  that  point.  The  river  then  conimenced  cnttin^^  below 
tike  mattresses,  but  since  you  have  sunk  mattresses  at  that  point  the  caving  has 
eeased.  After  seeing  the  good  effect  of  your  work,  this  company  built  a  large  ware- 
liottse  for  the  shipping  of  cotton,  near  the  river,  which  would  not  have  been  built  if 
the  eaving  in  of  the  landing  had  not  been  checked.  I  believe  the  sinking  of  mattresses 
will  preserve  our  river  front,  and  if  carried  out  as  contemplated  will  give  Memphis 
0ne  of  the  best  harbors  on  the  Mississippi  river. 

A.  Woodruff, 
President  of  Union  Cotian  Compress  Company. 
Mr.  Joseph  Burney. 

Ab  a  further  proof  of  the  confidence  in  the  willow  mattresses  for  the  protection  of 
the  river  firont,  action  has  already  been  taken  to  build  a  union  depot  for  all  the  rail- 
roads running  into  Memphis,  also  elevator,  and  large  cotton -sheds,  at  a  cost  of  over 
1150,000,  on  tne  front  we  nave  protected.  This  would  not  have  been  done  if  the  caving 
had  not  been  stopped. 

It  will  be  seen  that  the  work  has  been  done  under  great  difficulties.  We  commenced 
Ib  the  middle  of  the  caving  front  and  had  to  protect  a  sand  bank  readily  susceptible 
to  the  slightest  scour,  ana  the  work  has  been  twice  interrupted  by  two  of  the  worst 
epidemics  that  have  afflicted  the  South.  We  have  never  been  able  to  work  through  a 
low- water  aeiison,  vet  the  work  stands  as  if  it  had  been  done  under  the  most  favorable 
circumstances.  Tne  only  difference  is,  if  we  had  not  had  those  difficulties  to  contend 
with,  we  could  have  protected  more  river  front  and  at  a  less  expense. 

In  your  report  made  in  1877,  you  state  :  '*The  work,  if  once  commenced,  should  be 
continuous."  This  is  very  important,  as  we  are  in  the  center  of  the  caving  front,  and 
from  the  great  caving  above  and  below,  if  the  work  is  not  pushed  vigorously  on  to  the 
end,  it  win  endanger  the  work  already  done.  I  would  respectfully  recommend  that  the 
amount  required  Lo  complete  the  work  l>e  applied  for,  and  I  believe  when  the  work  is 
completed,  Memphis  will  have  the  best  harbor  on  the  Mississippi  River. 
I  have  the  honor  to  remain,  very  respectfully, 

Joseph  Burnsy. 

Mi^j.  W.  H.  H.  Bknyaurd, 

Corp«  of  Engineers f  U,  S.  A, 
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O23. 

WATER-GAUGES  ON  THE  MISSISSIPPI  RIVER  AND  ITS  PRINCIPAL  TRIBU- 
TARIES. 

Observations  were  continued  at  all  the  gauges  during  the  year.  Re- 
pairs were  made  upon  those  at  Memphis,  Tenn.,  Helena,  Ark.,  month  of 
White  Eiver,  Ark.,  Lake  Providence,  La.,  Natehez,  Miss.,  feed  Eiver 
Landing,  La.,  and  Alexandria,  La. 

Owing  to  the  yellow  fever  in  1878  and  1879,  and  the  strict  quarantine 
maintained  during  the  low- water  season,  it  was  found  impossible  to  have 
the  necessary  repairs  done  that  were  intended,  the  principal  part  of  ihe 
work  being  done  at  a  high  stage  of  water.  It  is  proposed  during  the 
low-water  of  this  year  to  make  a  thorough  examination  of  the  gauges, 
to  constnict  new  ones  where  required,  and  to  place  them  all  in  good 
order. 

At  Alexandria,  La.,  the  standard  low-water  has  been  changed  from 
1872,  2.60,  to  1879,  3.10. 

At  Little  Eock,  Ark.,  the  standard  low- water  has  been  changed  from 
1864,  0.00,  to  1879,  1.00. 

Hydrographs  were  made  of  all  the  gauges,  but  retained  in  this  office. 

Copies  of  the  gauge  records  at  all  the  stations  for  the  year  are  trans- 
mitted. 

Money  Htatement, 

July  1,  1879,  araouut  available $5,320  70 

Amount  appropriated  by  act  approved  June  14,  1880 5, 000  00 

$10, 320  70 

July  1,  1880,  amount  expended  during  fiscal  year 3, 404  42 

Jnly  1,  1880,  amount  available 6,916  28 

Anioimt  that  can  be  profitably  exi>ended  in  fiscal  year  ending  June  30, 1882 . .       5, 000  00 


O  24. 

survey  of  the  falls  on  red  river,  near  alexandria,  louisiana. 

United  States  Engineer  Office, 

Memphis^  Tenn,j  December  20,  1879. 

General  :  I  have  the  honor  to  transmit  herewith  the  following  report 
of  the  survey  of  the  falls  of  Alexandria,  La.,  with  estimates  for  the  im- 
provement of  the  same,  made  in  accordanee  with  the  act  of  Congress 
approved  June  18, 1878,  and  assigned  to  me  by  letter  under  date  of  July 
8,  lft78. 

So  long  back  as  1840,  the  State  of  Louisiana  had  taken  the  subject  of 
the  improvement  of  the  falls  of  Alexandria  under  advisement,  and  ap- 
propriations were  made  at  various  times  for  that  purpose.  The  work 
accomplished  consisted  mostly  in  the  removal  of  portions  of  the  rocky 
barrier  constituting  the  upper  and  lower  falls,  of  supposed  sufficient 
width  and  depth  to  allow  for  the  passage  of  the  largest  class  of  boats 
navigating  the  river. 

While  many  of  the  most  valuable  reports  of  the  State  engineers  upon 
the  matter  cannot  be  obtained,  the  beard  of  State  engineers  of  Louisi- 
ana, in  their  special  report,  in  January,  1874,  present  abstracts  from 
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such  as  could  be  collected  which  tend  to  give  a  history  of  the  various 
attempts  made  to  improve  the  locality. 

As  they  have  an  important  bearing  on  the  subject,  as  showing  the 
views  entertained  as  to  what  was  considered  the  best  methods  of  im- 
provements, I  will  quote  the  extracts  in  their  order  as  taken  from  the 
report  referred  to. 

In  Dunbar's  report  of  1840,  he  says,  in  regard  to  the  falls  at  Alex- 
andria: 

The  next  and  greatest  obstruction  to  the  low-water  navigation  is  the  falls  at  Alexan- 
dria. Thi  8  obstruction  consists  in  a  fall  of  three  feet,  at  low- water,  above  Bayou  Rapides, 
with  two  rapids  one  mile  above,  having  a  fall  of  one  foot.  The  rock  forming  the  bed 
of  the  river  consists  of  an  extremely  soft  and  friable  sandstone  slightly  impregnated 
with  nuirl.  The  stone  yields  readily  to  the  knife  or  any  hard  body,  and  may  be  crushed 
by  the  finger. 

About  fourt-een  hundred  feet  above  the  lower  falls  the  channel  divides,  one  (the  main 
channel)  running  over  t-o  the  eastern  and  the  other  keeping  close  to  the  western  shore. 
In  a  choice  as  to  which  of  the  two  channels  should  be  cleared  I  had  to  consider  two 
things — first,  the  compai*ative  expense  of  the  two,  and,  second,  the  beneficial  results  to 
be  produced.     If  we  cut  the  eastern  passage,  we  take  the  one  chosen  by  nature,  and, 
in  this  instance,  the  most  proper.     If  the  western,  we  throw  the  whole  force  of  the  cur- 
rent against  the  banks  upon  which  the  town  is  built,  and  might  cause  the  destruction 
of  a  large  portion  of  the  town.     The  exjpense  is  in  favor  of  the  eastern  channel,  and  I 
shall  acconjingly  make  my  estimate  for  it.     The  profile  shows  the  section  of  tiie  bed 
of  the  river,  with  the  bar  or  beds  of  rock  which  it  will  be  necessary  to  remove.     The 
estimates  are  made  for  a  channel  sixty  feet  wide,  with  depths  of  six  and  eight  feet. 

Dunbar  considered  the  passage  giving  a  depth  of  eight  feet  of  water 
over  both  falls  as  preferable,  and  so  recommended  it,  the  estimated  cost 
being  $28,000. 

It  seems,  further,  that  the  legislature  made  an  appropriation  for  the 
work,  but  nothing  whatever  was  done,  as  it  seems  that  Dunbar  feared 
that  the  removal  of  the  barrier  would  injure  the  navigation  above.  He 
says: 

I  desire  to  submit  this  matter  again  to  the  consideration  of  the  board  and  to  the  leg- 
islatnre,  and  I  was  impelled  to  this  course  from  a  fear  that  when  these  obstructions 
were  removed  at  the  point  where  they  now  exist  new  ones  of  a  similar  character  would 
preselit  themselves  at  a  point  higher  up  the  river.  Such  is  the  opinion  of  many  per- 
sons with  whom  I  conversed  on  the  subject,  and  who,  I  am  inclined  to  think,  have  a 
good  knowledge  of  the  river.  A  fear  that  their  opinion  might  be  correct,  and  that  the 
expenditure  of  this  hcav^  sum,  appropriated  at  a  time  when  our  State  was  so  much 
embarrassed  bj»  it«  pecuniary  responsibilities,  might  be  made  without  a  corresponding 
benefit,  induced  me  to  incur  the  responsibility  of  postponing  the  completion  of  the 
eoittraot ;  and  I  was  strengthened  in  the  propriety  of  this  course  from  the  fact  that  no 
iiynry  could  result  from  this  delay,  for  the  reason  that  the  work  can  only  be  done  when 
the  water  in  thf*  Rod  River  is  low.  I  now  submit  this  matter  to  the  legislature  and 
yonraclves  for  new  instructions. 

In  1852,  A.  D.  Woolbridge  says : 

A  canal  or  channel  sliould  be  cut  50  feet  wide  through  the  falls  at  Alexandria,  and  all 
the  water  thrown  into  said  channel  by  walls  laid  in  cement  upon  the  rocks,  across  the 
balance  of  the  river.  I  am  convinced  were  this  done  that  the  present  amount  of  water 
passing  over  the  falls  would  give  from  5  to  7  feet  depth  in  this  channel,  without  in  the 
least  lowering  the  wat«r  above.  In  fact,  that  we  should  have  better  water  in  this 
channel  than  we  now  have  on  the  bars  above  and  below.  The  bars  in  Red  River  can- 
not be  removed.  They  are  composed  of  quicksand,  with  one  or  two  exceptions,  and 
are  constautly  shifting  with  every  stage  of  water,  and  with  every  accidental  change 
of  the  current.  In  many  places  the  only  practicable  channel  is  obstructed  by  fallen 
timber  or  snags.  Were  all  these  removed,  at  the  lowest  stage  of  water  the  navigation 
would  be  vasUy  improved,  and  perhaps  never  entirely  suspended. 

In  1853,  in  the  report  of  Creorge  W.  Morse,  State  Engineer,  we  find  : 

I  have  thought  it  ouite  unuecessary  that  I  should  make  a  survey  of  the  falls  near 
Alexandria,  in  a^^cordance  with  act  No.  80  of  the  last  legislature,  as  the  work  of  re- 
moving the  obstructions,  I  know,  was  going  on  under  the  superintendence  of  Coloue^l 
De  Rnssy,  the  able  engine«»r  appointed  hv  the  commissioners.     I  presume  t\va,t  ai^^ix 
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the  examination  and  surveys  which  he  has  made,  he  will  be  able  t<o  demonstrate  the 
utility  of  the  work  now  in  progress. 

A  stream  which  already  brings  to  market  about  300,000  bales  of  cotton,  while  its  re- 
sources are  not  half  developed,  one-half  of  which  at  least  pays  one  dollar  extra  on 
account  of  the  obstructions,  without  counting  the  extra  cost  of  transporting  other  arti- 
cles, is  worthy  of  the  very  befit  improvement  which  can  be  adopted. 

It  seems  from  this  report  that  a  contract  had  been  made  with  Messrs. 
Maillefort  &  Kaslorflf,  of  New  York,  for  the  removal  of  a  portion  of  the 
rock,  with  what  success  is  shown  by  the  following  report. 

In  1854,  George  W.  Moore  says : 

It  is  jirobably  my  duty  as  Stat^  engineer  to  call  the  attention  of  your  honorable  body 
to  the  present  situation  of  the  falls  in  Red  River  at  Alexauflria,  and  to  the  generally 
bad  condition  of  that  stream.  Commissioners  were  appointed  and  money  appropriated 
for  the  removal  of  the  falls  by  an  at't  of  the  legislature,  approved  March  11,  185*2.  In 
the  summer  of  1853  an  attempt  was  made  to  blast  them  out  by  Messrs.  Maillefort  & 
Raslorff,  of  New  York,  which  certainly  did  not  improve  the  condition  of  the  river,  and 
last  year  nothing  was  done,  notwithstanding  an  additional  appropriation  was  made  for 
that  purpose.  It  is  high  time  that  a  stream  which  now  brings  to  market  nearly  one- 
eighth  of  the  cotton  crop  of  the  United  States,  and  which  will  be  doubled  in  the  next 
ten  years,  should  be  relieved  of  such  an  embarrassing  impediment  to  its  navigation.  I 
have  not  yet  seen  any  reason  to  change  the  \'1ews  expressed  in  my  first  annual  report 
in  reference  to  the  necessity  of  locks  at  this  point,  except  as  to  their  location.  I  have 
had  a  good  oi)portunity  during  the  last  summer  to  make  examinations  of  the  rock,  and 
have  such  samples  in  my  office  as  will  show  clearly  its  character,  from  which  I  judge 
that  a  crane  properly  arranged  for  dredging,  and  attached  to  one  of  our  heaviest  State 
boats,  would  without  difficulty  excavate  the  required  channel  through  it.  The  rock  at 
the  falls,  when  wet,  cau  be  easily  cut  with  an  ax  or  a  crowbar,  aud  if  the  spoon  at- 
tached to  the  crane  should  meet  with  any  hard  substance  which  it  would  be  unable  to 
remove,  it  could  be  dislodged  with  powder  or  a  falling  bar  of  iron.  My  examinations 
have  convinced  me  that  there  is  room  enough  on  the  north  side,  in  the  bed  of  the  river, 
between  the  hill  and  the  low-water,  in  which  to  place  a  lock,  which  I  would  propose 
to  construct  partly  of  the  hardest  portion  of  the  rock,  and  the  rest  of  cast  iron,  the  gates 
of  which  to  be  high  enough  to  hold  the  water  2  or  3  feet  above  low- water  mark  only, 
BO  that  when  the  river  was  up  they  should  be  open  and  entirely  covered.  Such  a  lock 
would  not  be  very  expensive  if  the  excavations  could  be  made  with  a  dredgeboat,  par- 
ticularly as  with  her  crane  she  would  deposit  the  earth  on  the  outside,  so  as  to  form  a 
coffer-dam  in  the  shallow  wat-er,  into  which  a  part  of  the  basin  might  run.  This  im- 
pediment costs  the  State,  in  advanced  prices  of  freight,  not  less  than  $300,000  upon  an 
average  per  year,  and  less  than  one-half  of  that  sum  would  remove  it.  A  lock  here,  and 
wing-dams  in  a  few  other  places,  and  light-draught  hoAis  could  at  anytime  navigate  the 
river  from  its  mouth  to  Snreveport.  There  is  always  plenty  of  water,  and  all  that  we 
require  besides  the  lock  is  to  confine  it.  The  importance  of  the  stream  demands  more 
energetic  appliances  of  improvement.  The  low-water  of  1850  and  1854  should  not  dis- 
courage, but  rather  stimulate  our  exertions ;  for  a  judicious  expenditure  of  a  sufficient 
sum  to  construct  20  or  30  miles  of  railroad  would  carry  us  through  to  Shreveport  on  3^ 
feet  water  at  any  time  without  difficulty ;  and  during  an  ordinary  low- water  season, 
such  as  has  been  experienced  at  any  time,  except  in  the  years  1850  and  1854,  we  could 
easily  obtain  4  feet.  Our  State  boat,  the  Governor  H6bert,  went  to  Alexandria  on  the 
23d  of  December,  1854,  at  the  very  time  when  the  water  was  lower  than  ever  before 
known,  and  we  are  sure  that  she  draws  3^  feet.  While  the  State  is  expending  millions 
upon  railroads,  why  should  it  not  employ  four  or  five  hundred  thousand  dollars  to  prop- 
erly improve  the  navigation  of  this  great  river,  which  must,  even  after  the  completion 
of  the  roads,  continue  to  carry  to  market  nine-tenths  of  the  produce  of  the  valley,  even 
if  left  in  its  present  condition  f 

From  report  of  Louis  Hubert,  State  Engineer,  1856: 

Nothing  has  been  done,  I  believe,  during  the  year,  upon  the  falls  at  Alexandria.  In 
my  antiual  report  I  strongly  recommended  the  construction  of  locks  upon  one  or  the 
other  falls.  1  must  here  repeat  my  recommendations.  Nothing  else  will  do ;  and  the 
large  commerce  of  Red  River  (large  even  now,  and  increasing  so  as  to  be  at  some  day 
almost  incalculable)  warrants  any  outlay,  even  to  millions  ot  dollars. 

He  next  takes  into  consideration  the  project  of  rendering  the  Rapides 
and  Jean  de  Jean  a  canal  of  circumnavigation  around  the  falls,  and 
proves  that  four  locks  would  be  necessary  in  each  stream,  and  estimates 
that  each  lock  would  cost  no  less  than  $35,000. 

The  rise  of  Red  River  in  1849  being  41  feet  above  the  low- water  of 
lS36y  the  locks  would  not  prevent  the  oversow  of  the  Rapides  country 
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From  the  rei^orts  of  the  various  State  engineers  it  will  be  seen  that 
the  following  methods  of  overcoming  the  obstructions  have  been  pro- 
posed: 
To  build  a  lock  and  dig  a  canal  around  the  falls. 
To  open  and  enlarge  the  Bayou  Rapides. 
To  remove  the  falls  or  cut  a  channel  through  the  rocks. 
To  contract  the  water-way  by  wing  dams. 

The  only  attempts  made,  however,  to  improve  the  falls  consisted  in 
cutting  away  a  jwrtion  of  the  top,  and  also  cutting  a  channel  through 
the  rocks. 

lu  May,  1864,  the  fleet  under  Admiral  Porter  operating  with  the  army 
uuder  General  Banks  was  caught  by  the  low- water  above  the  falls,  and 
was  extricated  from  it«  perilous  position  by  Colonel  Bailey,  engineer  of 
the  Nineteenth  Army  Corps,  who  built  a  dam  across  the  lower  falls, 
and  wiug-dams  upon  the  upi)er. 

The  greater  portion  of  Bailey's  dam  is  still  in  existence.  The  old  chan- 
nel left  by  him  through  the  middle  of  the  structure  is  still  open,  but  the 
river  havS,  however,  worked  around  the  east  end,  causing  a  considerable 
erosion  of  the  banks  above  Alexandria,  and  making  a  channel  sufficiently 
wide  and  deep  as  to  constitute  the  main  channel  of  the  river. 

In  1S74  Congress  directed  a  survey  of  the  falls  to  be  made  with  a  view 
to  the  improvement  of  the  locality,  and  the  work  was  assigned  to  Major 
Howell,  whose  report  ^vill  be  found  in  report  of  the  Chief  of  Engineers 
for  1875,  page  902  et  seq.  The  report  is  very  exhaustive  of  the  subject 
and  discusses  the  various  projects  entertained  for  the  improvement,  and 
recommends  the  building  of  a  dam  at  the  foot  of  the  upper  falls,  with  a 
lock  and  navigable  chute,  the  estimated  cost  being  $97,652.99.  For  full 
details  of  the  project,  reference  may  be  had  to  Major  Howell's  report  as 
above. 

In  the  survey  made  under  my  direction  by  Assistant  Engineer  W.  M. 
Rees,  Major  Howell's  map  was  taken  as  a  guide,  and  the  tracing  here- 
with is  from  that  map,  with  additional  soundings  and  cross-sections. 
The  character  of  the  rock  forming  the  falls  is  such  that  no  change  could 
result  from  the  action  of  the  water,  and  the  channel  over  the  upper  falls 
is  still  in  the  same  condition  as  above  reported.  The  additional  sound- 
ings and  references  are  noted  in  red ;  those  of  the  old  are  in  black.  In 
addition  also  to  the  discharge  observations  I  caused  a  survey  of  the  river 
to  be  made  extending  up  to  Colfax,  twenty -five  miles  above,  with  sepa- 
rate surveys  of  the  various  shoal  places  at  present  existing. 

The  government  is  at  present  undertaking  the  improvement  of  Red 
River  irom  Fulton,  Ark.,  to  the  mouth,  in  the  removal  of  what  may  be 
termed  accidental  obstructions,  such  as  rafts,  snags,  &c. ;  also  the  clos- 
ing of  Tone's  Bayou ;  also  the  improvement  of  the  mouth,  which  latter  is 
at  present  under  consideration,  as  it  interests  not  only  the  navigation 
of  Red  River  and  its  tributaries  but  also  the  Atchafalaya  and  its  con- 
necting network  of  navigable  channels  and  baj  ous. 

Nothing  yet,  however,  has  been  attempted  in  the  way  of  the  improve- 
ment of  the  various  bars  and  shoal  crossings  now  interrupting  naviga- 
tion, but  which  will  be  attempted  so  soon  as  sufficient  appro)>riations 
are  made  to  carry  on  such  work.  The  improvement  of  the  falls  must 
necessarily  constitute  another  work,  a  part  of  whatever  plan  may  be 
adopted  for  giving  good  low-water  navigation  in  Old  River. 

Now  regarding  the  depth  required  for  navigation,  Major  Howell,  in 
his  report,  states  that — 

The  depth  of  the  channel  over  tb«i  upper  lulls  (3  feet)  would  be  sufficient  at  extreme 
low-water  for  such  veHsels  as  cau  en^a^'i*  in  tlw  low- water  trade  of  Red  H'wer,  \^  \\» 

S3  ^ 
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were  not  for  the  narrowness  of  the  channel,  its  abrupt  tamS|  the  velocity  of  the  current 
throngh  it,  and  its  rock  bottom. 

The  statement  as  to  the  sufficiency  of  depth  is  based  on  information  gained  from 
steamboat  men  who  have  for  years  been  engaged  in  .the  Red  River  trade,  to  the  effect 
that  during  two  months  of  each  year  they  count  on  only  2  feet ;  for  two  months  more 
on  only  3  ^et ;  and  for  the  remainder  of  the  year  on  excellent  navigation  from  the 
Mississippi  to  Alexandria.  From  Alexandria  to  Shreveport,  during  extreme  low- water, 
a  draugnt  of  2  feet  may  be  carried,  with  considerable  difficulty,  over  sand  bars  afford- 
ing a  clepth  of  water  of  only  20  inches. 

When  there  is  5  feet  of  water  over  the  upper  falls,  8  feet  may  be  carried  frt>m  them 
to  Grand  Ecore,  and  6  feet  to  Shreveport. 

Information  nom  the  same  parties  was  to  the  effect  that,  with  the  water  in  the  river 
at  Alexandria  3  feet  higher  than  at  the  time  of  sur\'ey,  boats  suited  to  low-water  navi- 
gation of  the  river  are  able  to  pass  the  falls  without  trouble.  Three  feet  higher  would 
make  the  reading  on  the  United  States  gauge  at  the  beginning  of  this  navigable  stage 
T^  above  zero. 

On  this  latter  point  my  gauge  at  Alexandria  shows  that  from  1872  to 
1879  there  were  the  following  number  of  days  upon  which  the  gauge 
reading  was  below  ^^  and  that  consequently  the  navigation  over  the 
falls  might  be  considered  as  virtually  suspended — 

D»7t. 
1872. 

September 13 

October 31 

November 30 

December 19 

Total  for  1872 ^ 93 

1873. 

September 9 

October 15 

Total  for  1873 24 

1874. 

August 13 

September 30 

October 14 

November 21 

December 17 

Total  for  1874 95 

1875. 

July 7 

August 10 

October 7 

November 28 

December 10 

Total  for  1875 eSt 

1876. 

September 3 

October ']  31 

November ,.,_  30 

December *'.  31 

Total  for  1876 "~96 

1877. 

January 23 

August *"■  16 

September 30 

October !!'."!!  22 

Total  for  1877 "^ 
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1^8.  Days. 

October .' 28 

November 30 

December ^ 8 

Total  for  1878 , ....~66 

1879.* 

Jane 2 

July 31 

Angiist 31 

September 30 

October 31 

November 30 

December 20 

Total  for  1879 175 

Total  from  1872  to  1879,  inclusive 701 

The  water  in  Eed  Eiver  since  the  survey  this  year  has  been  lower 
than  ever  known  before ;  my  gauge  at  Shreveport,  showing  a  stage  3.5 
below  the  low-water  of  1878.  and  2.5  below  the  low- water  of  1872.  At 
Alexandria  it  was  .5  lower  tnan  1872,  or  3.1  below  the  zero  of  the  gauge 
at  that  place.  From  Alexandria  to  the  mouth  not  over  20  inches  of 
water  could  be  found  upon  the  great  majority  of  bars. 

As  before  stated,  as  the  government  has  undertaken  to  improve  the 
navigation  of  Eed  Kiver,  the  improvement  of  the  falls  must  necessarily 
be  taken  into  consideration.  If  it  be  found  necessary  to  provide  for  the 
passage  of  the  upper  falls  by  a  dam  with  a  lock  and  navigable  chute, 
that  proposed  by  Major  Howell  I  deem  the  best  under  the  circumstances, 
requiring,  however,  an  enlargement  of  the  lock  for  the  size  of  boats  that 
could  navigate  the  river  when  there  is  a  5-foot  stage  of  water,  for  we 
find  among  the  boats  the  Laura  Lee,  210  feet  long ;  Kate  Eanney,  200 ; 
and  the  Jesse  K.  Bell,  225. 

In  considering  the  method  of  improvement  by  cutting  a  channel 
through  the  upper  falls,  I  do  not  think  that  the  danger  of  draining 
the  pond  above  or  injuring  the  navigation  of  that  section  of  the  river 
need  at  all  be  apprehended.  The  obstruction  acting  as  a  dam,  the  back- 
water proportionately  increases  the  depth  over  the  bottom  and  tends 
to  improve  the  navigation  above,  but  Bed  Eiver  being  a  sedimentary 
stream,  the  check  given  to  its  current  by  tbe  back-water  causes  the 
sediment  to  be  deposited  throughout  the  entire  distance  of  the  retarda- 
tion, and  it  is  possible  that  the  falls  shoal  rather  than  deepen  the  water 
above.  Upon  the  removal  of  the  obstruction  the  alluvial  deposits 
would  all  be  washed  out  by  the  increased  velocity  of  the  current. 

The  survey  made  by  Mr.  Bees  shows  that  the  average  fall  from  Col- 
fax to  the  head  of  the  upper  falls,  a  distance  of  24  miles,  is  .267  foot 
per  mile,  with  5  shoal  places  in  that  distance,  the  only  rocky  formation 
found  being  De  Loche's  rocks,  about  5  miles  below  Colfax.  These,  how- 
ever, project  from  the  bank,  and  there  is  a  good  depth  of  water  in  the 
river  at  that  locality. 

The  length  of  the  upper  falls  is  935  feet;  with  a  total  fall  (low- water 
slope  of  1874)  of  »2.5  foot. 

The  length  of  lower  falls  is  600  feet ;  total  fall  (low-water  slope  of 
1874)  is  .5  foot. 

Intermediate  reach,  4,565  feet ;  (low  water  slope  of  1874)  .5  foot. 

As  it  is  not  contemplated  to  cut  away  the  entire  ledge  to  a  sufficient 
depth  for  navigation  purposes,  but  only  a  channel  sufficiently  wide  for 


« 


No^  yet  completed. 
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the  passage  of  a  steamer  and  loaded  barge,  the  lowering  of  the  slope 
above  I  do  not  deem  will  be  sufficient  to  affect  the  navigation,  and  the 
increased  velocity  will  not  be  great  enough  to  cause  any  great  addi- 
tional trouble  to  the  steamers. 

For  the  upper  falls  it  is  proposed  to  take  the  line  shown  on  the  trac- 
ing herewith  along  the  eastern  shore,  and  excavate  a  channel  so  as  to 
obtain  a  width  of  75  feet,  and  a  permanent  depth  of  4^  feet  below  the 
plane  of  low- water  of  1874 ;  as  at  this  latter  stage  there  was  a  scant  3 
feet  over  the  upper  falls,  tlie  bottom  of  the  cut  would  give,  say,  an  aver- 
age additional  cutting  of  1^  feet.  In  the  proposed  cut  it  has  been  the 
aim  to  take  advantage,  as  far  as  possible,  of  existing  depth  and  channel 
direction.    The  total  length  of  the  cut  is  1,150  feet. 

On  the  lower  falls  it  is  proposed  to  build  a  dam  with  the  rock  taken 
out  of  the  cut  above,  from  the  point  above  the  cutting  on  the  Alexan- 
dria side  over  to  the  end  of  the  Bailey  dam,  and  allow  the  old  channel 
through  the  dam  to  become  the  new  one.  The  raising  of  the  water  sur- 
face above  the  lower  falls  by  this  improvement  will  tend  to  diminish 
the  fall  caused  by  the  cut  through  the  upper  falls. 

The  estimated  cost  of  this  improvement,   excavating  5,626   cubic 
yards  of  rock,  with  coffer-dam,  &c.,  and  building  dam,  is  $39,945.60. 
Very  respectfully,  your  obedient  servant, 

W.  H.  H.  Benyaurd, 

^fajor  of  Engineers. 

Brig.  Gen.  H.  G.  Wright, 

Chief  of  Engineers,  U,  8.  A, 


O   25. 

examination  of  YALLABUSHA  river,  MISSISSIPPI. 

United  States  Engineer  Office, 

MemphiSj  Tenn.j  December  20,  1879. 

General  :  I  have  the  honor  to  submit  the  following  report  upon  an 
examination  of  the  Yallabusha  Eiver,  Mississippi,  provided  for  by  act 
of  Congress  approved  March  3, 1879,  and  assigned  to  me  by  letter  of 
April  25, 1879. 

The  examination  was  made  by  Mr.  W.  M.  Bees,  assistant  engineer, 
whose  report  will  be  found  annexed,  and  was  made  with  a  view  of  de- 
termining the  character  and  extent  of  the  obstructions  to  navigation, 
with  estimated  cost  of  removal,  and  the  nature  and  extent  of  the  com- 
merce to  be  benefited. 

The  Yallabusha  is  a  small  stream  (estimated  to  be  about  90  miles  in 
length),  and  has  its  sourc<5  in  Calhoun  County.  After  flowing  through 
Grenada  and  Le  Flore  Counties,  it  unites  with  the  Tallahatchie  and 
forms  the  Yazoo  Eiver.  The  examination  shows  that,  like  all  the  streams 
in  that  section  of  the  country  and  in  the  Yazoo  basin,  the  main  obstruc- 
tions to  navigation  are  snags,  sunken  logs,  and  leaning  timber,  the  re- 
moval of  which  constitutes  the  principal  work  to  be  carried  on  with  a 
view  of  improving  the  navigation  of  the  stream,  and  of  giving  increased 
facilities  for  the  shipment  of  cotton,  and  the  return  of  plantation  sup- 
plies, and  other  freights. 

The  country  through  which  the  Yallabusha  runs  is  very  sparsely  set- 
tled, and  in  a  number  of  places  the  land  adjoining  the  river  is  inundated 
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at  i\  high  stage  of  water.    The  shipments  are  mainly  from  the  planta- 
tions back  fk'om  the  river. 

Under  the  present  condition  of  affairs,  Grenada  is  the  principal  ship- 
ping i>oint,  from  which  place,  annually,  the  amount  of  cotton  shipped 
is  estimated  at  12,000  bales.  The  greater  portion  of  this  finds  its  way 
by  rail  to  New  Orleans.  The  shipment  by  river  last  season  amounted 
to  3,000  to  3,600  bales.  Were  the  river  improved,  no  doubt  the  greater 
I)ortion  that  now  goes  by  rail  would  find  it«  way  out  by  boat,  and  at 
reduced  rates  of  freight. 

In  the  present  condition  of  affairs  it  is  deemed  only  necessary  to  cut 
down  the  leaning  timber  and  remove  the  rack  heaps  and  the  most  dan- 
gerous snags.  For  this  purpose  no  snagboat  is  necessary.  During  the 
lowest  stage  of  water  a  party  can  be  sent  along  the  river  with  the  neces- 
sary tools,  &c.,  and  everything  can  be  cut  out. 

The  estimated  cost  of  this  improvement  is  $7,000. 
Very  respectfully,  your  obedient  servant, 

W.  H.  H.  BenyAuhd, 

Major  of  Ertgineers^ 

Brig.  Gen.  H.  G.  Wright, 

Chief  of  Engineers^  U.  S,  A. 


RKPORT  OF   MR.  W.  MARSHALL   REKS,  ASSLSTAXT  KNGINEER. 

Memphis^  Tenn.,  December  11,  1879. 

Major:  I  have  the  honor  to  submit  the  following!;  report  upon  an  examinatioQ  of 
Yallabtwha  River,  MissiBHippi,  made  under  instructions  received  from  yon  December 
2,  1879: 

On  Deceml>er  3  I  proceeded,  with  a  skiff  and  two  ex|)erienced  skiftmon,  to  Grenada. 
Miw.  December  4  and  5  being  rainy,  I  started  down  the  river  on  the  6th  and  reached 
its  mouth  on  the  8tli,  a  distance  which  I  estimate  to  be  about  90  miles. 

The  Yallabusha  River  has  its  source  in  Calhoun  County,  and,  dowini^  throuj^h  Gre- 
nada and  Le  Flore  counties,  unites  with  the  Tallahatchie,  to  form  the  Yazoo  River,  at 
a  point  four  or  five  miles  above  Greenwood,  Miss.,  and  about  260  miles  fn>m  the  mouth 
of  the  Yazoo. 

Five  miles  above  Grenada  it  receives  a  large  tributary  from  the  right  and  north  side 
called  Schooner  River,  and  immediately  above  the  town  another  large  tributary  called 
Bogue  Creek  comes  in  from  the  left  siae.  Between  Grenada  and  the  mouth  there  are 
several  small  tributaries,  nearly  all  on  the  right  and  north  side.  Before  leaving  Gre- 
nada I  made  inquiries  from  prominent  citizens  both  as  to  the  navigation  of  the  river 
and  the  trade  and  resources  of  the  adjacent  country. 

Durins:  the  winter  of  1878-79,  three  boats,  of  from  600  to  800  bales  (of  cotton)  ca- 
pacity, reached  Grenada,  one  boat  making  three  trips,  or,  in  all,  five  to  six  trips, 
which,  at  600  bale«  per  trip,  gives  from  3,000  to  3,600  bales  carried  from  this  region 
last  year  by  steamboats.    The  total  amount  of  cotton  then  shipped  from  Grenada  was 


place  has  generally  been  considered  the  head  of  steamboat  navigation.  Keel  boats 
carrying  3W)  to  400  bales  have  run  as  far  up  as  Graysport,  12  miles  above.  The  rail- 
road bridge  crossing  the  river  at  Grenada  is  a  bar  to  navigation  above. 

The  country  through  which  this  river  runs  is  sparsely  settled  near  its  banks:  in 
most  places  the  land  is  subject  to  annual  overflow,  in  part  caused  by  back-water  from 
the  Yazoo  River.  The  overflowed  district  extends  from  |  to  1  mile  inland,  where  hill 
or  rolling  country  is  reached,  much  of  which  is  settled,  producing  principally  cotton. 
At  about  30  or  35  miles  below  Grenada  the  hill  country  ends,  and  from  thence  to  its 
mouth  the  river  flows  through  a  flatj  bottom  country  for  60  miles,  nearly  all  of  which 
is  overflowed  almost  annuaUy  for  miles  back  from  the  river. 

Along  the  entire  portion  of  the  river  examined  I  counted  10  clearings  and  six  or 
seven  steamboat  landings.  As  the  river  was  reported  to  be  about  four  feet  above  low- 
water  when  I  left  Grenada,  I  was  not  able  to  determine  the  obstrnctiouft  in  the  chakTi- 
nel  with  as  much  accuracy  as  J  would  wish.    During  my  trip  down,  t\ie  xixex  ^thi^ 
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slowly  rising.     The  rise  at  Greenwood  on  Yazoo  River  was  reported  to  me  as  5  feet 
above  low-water  on  December  8. 

I  learned  from  several  sources  that  in  extreme  low-water  nnmeroas  snags  are  shown, 
making  the  river  in  many  places  impassable  to  a  skiff.  With  the  river  4  feet  above 
low- water  I  counted  150  snags  in  the  channel,  besides  ten  or  twelve  rack  heaps  (three 
or  four  of  the  largest  being  about  25  by  50  yards,  and  occupying  about  half  the  width 
of  the  river).  A  considerable  number  of  the  projecting  sna^  appeared  to  be  branches 
of  trees  which  had  fallen  in  the  channel ;  many  can  1^  readily  removed  by  cutting  up 
during  low-water. 

For  about  forty  miles  below  Grenada  the  banks  have  been  cleared  of  overhanging 
trees.  This  work  was  done  during  the  past  summer  at  an  expense  of  $600,  paid  by  the 
county  of  Grenada. 

Four  years  ago  the  grangers*  society  expended  several  hundred  dollars  on  similar 
work.  Much  of  the  timber  and  brush  cut  last  summer  is  lodged  in  the  river,  the 
greater  part  of  which  will,  I  think,  go  off  during  high-water. 

On  the  lower  fifty-five  or  sixty  miles  there  is  considerable  overhanging  timber,  form- 
ing obstructions  to  navigation ;  they  are  oak,  willow,  sycamore,  and  some  few  cypress, 
mostly  of  medium  size.  Both  banks  of  the  river  from  Grenada  to  the  mouth  are  cov- 
ered with  timber ;  the  greater  portion  of  that  suitable  for  lumber  is  oak,  of  which 
there  is  a  large  quantity.  At  a  few  places  where  the  bluffs  reach  the  river,  pine  is 
seen.     Near  the  mouth  is  some  cyprei*s. 

The  width  of  the  river  at  the  present  stage  of  water  is  from  forty  to  sixty  yards, 
in  a  few  places,  nearer  the  mouth,  reaching  seventy  to  eighty  yards. 

The  banks  to  a  height  of  ten  or  twelve  feet  are  in  general  steep,  caving  but  in  a  few 
places.  Owing  to  the  rapidity  with  which  the  water  falls  at  times,  boats  risk  run- 
ning to  Grenada  only  during  high-water  (six  to  ten  feet  above  low-water).  At  the 
present  stage  (four  feet)  there  is  a  good  current.  I  estimate  the  velocity  in  the  chan- 
nel at  from  two  to  three  feet  per  second,  or  one  and  a  half  to  two  miles  per  hour.  The 
countnr  passed  through  is  alluvial  with  more  sand  in  the  upper  part,  producing  from 
one-half  bale  of  cotton  in  the  uplands  to  one  bale  per  acre  on  the  bottoms. 

A  part  of  the  hill  lands  is  much  broken  by  ravines  and  gullies,  caused  by  the  rain- 
waters, thus  making  a  considerable  ])ortion  unfit  for  profitable  cultivation.  Much  of 
the  hill  lands  are  said  to  be  vei-y  inferior  cotton  lands. 

The  freight  rates  on  cotton  from  Grenada  to  New  Orleans  are,  via  railroad,  |3.50  per 
bale ;  via  steamboat  last  winter,  |2.50  per  bale,  and  when  improvements  are  made  in 
the  river  the  steamboat  lines  agree  to  carry  cotton  to  New  Orleans  for  |2  per  bale; 
the  latter  is  the  present  price  from  Greenwood  on  the  Yazoo. 

In  conclusion,  from  lack  of  definite  knowledge  concerning  the  river  during  low- 
water,  I  do  not  feel  justified  to  recommend  its  improvement  for  permanent  naviga- 
tion. Still  I  am  of  the  oninion  that  a  small  sum  can  be  profitably  expended  to  remove 
such  obstructions  as  will  insure  the  safe  passage  of  boata  during  at  least  four  months 
of  the  year,  which  time  the  water  is  said  to  be  three  or  four  feet  above  extreme  low- 
water  ;  such  improvements  to  consist  in  the  cutting  of  overhanging  trees  and  the 
removal  of  rack  heaps,  and  the  most  prominent  snags,  thereby  insuring  navigation  to 
small  boats.  I  therefore  recommend,  as  the  amount  that  can  be  profitably  expended^ 
the  sum  of  $7,000. 

Very  respectfully,  your  obedient  servant, 

W.  Marshall  Reks, 

Asnstant  Engineer, 

Maj.  W.  H.  H.  Benyaurd, 

Corps  of  Engineers f  U,  S,  A. 


O  26. 

examination  of  tchula  lake,  mississippi. 

United  States  Engineer  Office, 

MeniphiSy  Tenn.j  December  20,  1879. 

General  :  I  have  the  honor  to  make  the  following  report  upon  the 
examination  of  Tchula  Eiver  (or  lake,  as  it  is  called),  Mississippi,  with  a 
view  to  the  improvement  of  the  same,  in  accordance  with  the  act  of 
Congress  approved  March  3, 1879. 

Having  the  snagboat  Meigs  in  the  Yazoo  and  in  the  vicinity  of  Tchula 
Lake^  I  directed  Captain  Straszer  to  make  the  examination  of  the  stream. 
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From  his  report,  and  from  information  received  from  the  Mississippi  and 
Yazoo  Eiver  Packet  Company  in  regard  to  the  commerce  of  the  stream, 
sufficient  information  has  been  obtained  upon  which  to  estimate  for  the 
improvement. 

When  the  Yazoo  reaches  the  head  of  Honey  Island,  it  divides  itself 

into  two  branches — the  westerly  one  retaining  the  name,  the  Yazoo,  while 

the  easterly  and  narrower  branch  is  named  Tchula  Lake  or  Eiver.    The 

distance  from  the  head  to  the  foot  of  the  island,  where  the  two  branches 

again  unite,  is  about  80  miles. 

In  the  lower  river,  the  distance  between  banks  is  about  125  feet,  nar- 
rowing to  about  80  feet  proceeding  up  towards  Tchula  City,  about  40 
miles  distant  from  the  foot  of  the  island.  From  Tchula  City  to  the  head 
of  the  island  the  width  between  banks  varies  considerably,  being  very 
narrow  for  the  last  few  miles.  It  is  only  during  the  existence  of  a 
moderate  stage  of  water  that  boats  are  enabled  to  enter  and  navigate 
this  narrow  channel. 

The  principal  obstructions  to  navigation  consist  of  a  number  of  saw- 
yers and  cypress  logs  in  the  lower  part  of  the  river,  and  leaning  timber 
all  the  way  from  the  foot  to  the  head  of  the  island  on  both  banks ;  also 
logs  stretching  out  from  the  banks,  some  of  them  partly  cut  off. 

The  country  along  the  river  is  highly  cultivated,  and  very  productive 
plantations  join  one  another.  The  amount  of  cotton  raised  is  estimated 
at  about  20,000  bales,  about  one-half  of  which  is  brought  out  through 
the  lake  when  there  is  sufficient  water  for  navigation,  and  the  remain- 
der is  hauled  to  the  Yazoo,  where  there  is  navigation  all  the  year  round. 
Were  Tchula  Lake  improved,  so  as  to  admit  boats  of  a  light  draught  to 
enter  earlier  in  the  season,  no  doubt  the  greater  portion  of  the  crop 
would  come  out  by  that  channel. 

The  work  of  improvement  will  consist  in  the  removal  of  the  snags, 
cutting  off  the  outcropping  logs,  and  felling  the  overhanging  trees. 

As  the  work  could  all  be  done  in  one  low- water  season,  I  do  not  deem 
it  necessary  to  provide  a  special  outfit  therefor,  but  to  charter  a  light- 
draught  steamer  with  the  necessary  machinery,  &c.,  such  as  I  had  on 
the  Sunflower  last  season,  and  operate  with  her. 
The  estimated  cost  of  the  work  is  $  10,000. 
Very  respectfully,  your  obedient  servant, 

W.  H.  H.  Benyaubd, 

Major  of  Engineers. 
Brig.  Gen.  H.  G.  Wright, 

Chief  of  Engineers^  tf.  8,  A. 


O  27. 

sl'rmly  op  the  mississippi  river  near  lake  concordia,  louis- 
una,  and  cowpen  bend,  mississippi,  looking  to  the  protec- 
tion of  the  harbors  of  natchez  and  vidalia. 

United  States  Engineer  Office, 

Memphis^  Tenn,^  February  17, 1880. 

General  :  I  have  the  honor  to  transmit  the  following  report  upon 
the  "survey  of  the  Mississippi  Eiver  near  Lake  Concordia,  Louisiana, 
and  Cowpen  Bend,  Mississippi,  looking  to  the  protection  of  the  harbors 
of  Natchez  and  Vidalia,"  as  provided  for  by  joint  resolution  approved 
Jane  2%^  1879,  and  assigned  to  me  by  letter  from  the  department,  wxiAfcT 
date  of  JoJj  25,  1879. 
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Immediately  upon  the  receipt  of  the  iustr actions  the  necessary  arrange- 
ments were  made  to  commence  the  survey  at  the  earliest  practicable 
date,  so  as  to  take  advantage  of  the  then  approaching  low- water  season 
as  affording  better  facilities  for  the  prosecution  of  the  field-work.  The 
party  was  organized  and  work  was  started  on  the  8th  of  August,  under 
charge  of  Mr.  W.  C.  Melvin,  assistant  engineer,  whose  report  is  trans- 
mitted herewith.  The  field-work  was  finished  October  8,  though  some- 
what delayed  in  the  earlier  stages  by  quarantine  regulations  and  by 
malarial  fevers  among  members  of  the  party. 

The  survey  along  the  Mississippi  Eiver  extended  from  Rifle  Point  to 
Amolia  Landing,  below  Vidalia,  a  distance  of  about  15  miles,  with  vari- 
ous cross-sections  of  the  river,  levels,  soundings,  and  borings.  It  em- 
braced also  both  arms  of  Lake  Concordia,  the  head  of  Bayou  Cocodrie, 
and  the  adjacent  country.  It  was  made  with  a  view  of  determining 
the  danger  which  at  present  threatens  the  destruction  of  the  harbors  of 
Natchez  and  Vidalia  by  reason  of  the  possibility  of  the  Mississippi  cut- 
ting through  Giles'  Neck  and  also  into  Lake  Concordia,  and  to  £)resent 
plans  with  estimates  for  the  prevention  of  the  same. 

From  the  map  it  will  be  seen  that,  after  leaving  Eifle  Point,  the  Mis- 
sissippi, turning  westwardly  (Giles'  Bend),  sweeps  around  Marengo  Bend, 
and  returning  almost  upon  itself  takes  another  turn  around  Cowpen 
Bend,  at  the  lower  extremity  of  which  is  situated  the  city  of  Natchez- 
The  distance  around  the  Bend  is  about  9  miles,  while  across  the  neck  of 
land,  from  Giles'  Bend  to  Cowpen  Bend,  the  distance  (as  measured  at 
the  close  of  the  survey)  was  but  a  little  over  6,000  feet.  In  1858  it 
measured  3  miles.  This  neck  of  land  is  becoming  more  and  more  nar- 
row each  year  from  the  constant  caving,  due  to  the  eroding  action  of 
the  current  on  both  sides,  though  particularly  on  the  north,  or  in  Giles' 
Bend.  The  rapidity  with  which  this  caving  has  taken  place  lately  may 
be  judged  from  the  fact  that  during  the  survey,  from  the  20th  of  August 
to  the  7th  of  October,  the  bank  on  that  side  had  caved  away  in  a  straight 
line  394  feet.  Should  the  river  cut  through  this  neck  (and  the  possibility 
is  tha;t  it  will  do  so  at  no  great  future  time),  it  will  cut  away  the  Natchez 
bar  and  the  point  of  land  on  which  Vidalia  now  stands,  which  will  be 
followed  up  by  the  formation  of  a  bar  on  the  opjwsite  side  and  in  front 
of  Natchez. 

The  caving  in  Giles'  Bend  extends  from  the  light-house  post  at  the 
head  of  the  bend  to  Dunham's  Bar  at  the  foot ;  this  caving  being  great- 
est about  the  middle  point,  where  it  is  constantly  going  in  by  a  gradual 
sloughing,  with  a  movement  almost  imperceptible  to  a  casual  observer. 
The  length  of  the  bank  caving  is  about  3  miles. 

The  caving  on  the  opposite  side,  or  Cowpen  Bend,  commences  about 
half  a  mile  below  Dunham's  Bar  and  continues  down  below  the  Natchez 
light-post,  the  measured  distance  being  about  3  miles.  The  heaviest 
caving  is  from  the  mouth  of  the  small  bayou  that  drains  Giles'  Neck 
down  to  the  light-post.  This  neck  of  land  I  consider  the  most  impor- 
tant in  connection  with  the  protection  of  the  harbors,  and  is  the  first 
point  to  which  any  remedy  should  be  applied  looking  to  the  protection 
of  the  water  fronts  of  Natchez  and  Vidalia. 

There  seems  to  be  some  apprehension  that  the  Mississippi  will  cut 
into  Lake  Concordia.  This  arises  from  the  caving  taking  place  around 
the  entire  length  of  Marengo  Bend,  from  the  foot  of  Rifle  Point  Bar  to 
the  head  of  Natchez  Bar,  a  total  distance  of  about  7  miles.  At  two 
points  the  caving  goes  on  by  constant  ami  gradual  sloughing;  the  firsti 
at  the  old  inlet  to  Lake  Concordia,  at  Bullitt's  Bayou;  the  second,  1  mile 
below,  at  the  old  bed  of  Grassy  Lake.    All  the  other  parts  of  the  bank 
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cave  upon  a  falling  river,  when  the  diflfereiit  strata  of  sautl  composing 
tiie  bank  have  been  washed  out,  causing  the  superincumbent  mass  U> 
tumble  into  the  river. 

The  caving  is  due  to  the  eroding  action  of  the  Mississippi  current, 
which,  after  leaving  Giles'  Bend  above,  crosses  to  the  Louisiana  shore 
and  runs  with  its  greatest  force  along  the  upper  part  of  the  bend,  par- 
ticularly at  the  old  head  of  Lake  Concordia.    The  distance  from  the 
inner  bank  to  the  lake  here  is  about  800  feet.    There  is  some  possibility 
of  the  river  making  its  way  through  the  lake  again  at  this  point  at  high 
water.    It  is  more  probable  that  in  the  event  of  continued  caving  the 
high  wat^r  will  pass  throu^^h  the  low  grounds  near  the  old  track  of  Bul- 
litt's Bayou  toward  the  Marengo  swamps,  and  into  the  lake  at  the 
Waterloo  and  Marengo  breaks,  this  course  being  much  the  shorter. 

The  bank  has  caved  in  the  vicinity  of  Bullitt's  Bayou  in  the  past  three 
yeai>^  upwards  of  1,800  feel ;  about  a  mile  and  a  half  below  the  average 
caving  up  to  last  year  was  about  800  feet  a  year  for  several  years  past. 
Last  ,\ear  it  showed  quite  a  decrease  in  the  rate,  and  seemed  to  be 
checking  up.  The  remainder  of  the  bend  ha.s  been  caving,  but  seems 
to  be  on  the  decrease. 

Should  the  caving  continue  in  the  middle  of  the  l)end,  there  seems  to 
be80Tne  danger  of  high-water  also  going  through  the  low  land  at  that 
part  of  the  willow  swamp  known  as  Grassy  Lake.  It  would  be  in  the 
immediate  track  of  the  water  fix)m  several  crevasses  that  have  occurred 
in  the  levees  since  1800.  The  cross-sections  show  the  extent  of  the 
damage  by  washing  and  the  facilities  created  for  a  mpid  flow  from  the 
river  to  the  break  at  this  i)oint.  This  water  would  flow  into  Bayou 
Cofodrie,  which  leads  out  from  the  south  arm  of  Lake  Concordia  into 
Black  River  some  few  miles  above  its  junction  with  Red  River,  and 
would  tend  to  keep  the  Black  and  Tensas  rivers  continually  in  an  over- 
flowed condition  during  high-water  in  the  Mississippi. 

The  danger  to  be  apprehended  from  the  river  cutting  into  Lake  Con- 
cordia I  believe  to  be  overestimated.  At  high- water  it  would,  as  stated, 
overflow  the  Black  River  swamps  through  Ba3'0u  Cocodrie.  This  could 
bei^emedied  by  damming  this  bayou  at  its  head  and  building  a  levee 
from  thence  to  Rifle  Point  levee  along  the  south  arm  of  Lake  Concordia. 
The  height  of  this  levee  would  be  about  5  feet,  and  the  total  length  about 
9  miles.  The  tendency  of  the  flood-waters  would  be  to  fill  up  the  lake 
from  the  deposition  of  sediment,  while,  a«  the  waters  receded,  the  ten- 
dency would  be  to  dmin  the  greater  part  of  the  lake. 

For  the  i>rotection  of  the  harbors  of  Natchez  and  Yidalia,  it  is  recom- 
mended that  the  remedy  be  first  applied  to  the  caving  bank  in  Giles' 
Bend.  Instead  of  any  system  of  spur-dikes,  &c.,  I  would  propose  to 
revet  the  caving  bank  with  brush  and  stone,  such  as  has  been  applied 
to  other  caving  banks  on  the  Mississippi  River.  The  length  of  the 
caving  bank  in  Giles'  Bend  needing  protection  is  15,800  feet. 

The  length  of  the  bank  needing  protection  around  Marengo  Bend  is 
about  7  miles,  a  long  distance,  and  therefore  must  necessarily  be  ex- 
pensive. It  is  i)ro[)osed  to  adopt  the  same  method  of  protection  as  in 
Giles'  Bend. 

As  the  oi)posite  side  of  Giles'  Neck,  that  is,  Cowpen  Bend,  is  not  cav- 
ing to  such  an  extent  as  to  warrant  any  apprehension  of  serious  dam- 
age to  the  harbor  of  Natchez  at  the  present  time,  it  is  not  deemed 
necessary  to  recommend  any  improvement  of  that  bank  immediately, 
but  await  the  result  of  the  work  in  the  bends  above.  It  is  possible  that 
at  some  future  time  work  may  have  to  be  continued  along  this  bend  also. 
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ESTIMATES. 


For  protection  of  Giles*  Bend  with  brush  and  stone  revetment,  15,800  feet, 
at  $18  per  foot $284,400 

For  protection  of  Marengo  Bend  with  brush,  &c.,  about  36,400  feet,  at  $18 
per  foot 655,200 

The  maps  are  not  all  finished  yet,  but  I  deemed  it  best  to  forwanl  the 
report  in  time  for  action. 

Very  respectfully,  your  obedient  servaniL 

W.  H.  H.  Benyaurd, 

Major  of  Engineers, 
Brig.  Gen.  H.  G.  Wright, 

Chief  of  Engineers  J  U,  S.  A. 


REPORT  OF  MR.   W.    C.    MELVIN,    ASSISTANT  ENGINEER. 

Sir:  I  have  the  honor  to  submit  a  report  of  my  operations  in  and  near  the  Natchez 
Harbor. 

I  commenced  work  in  the  field  on  the  -th  day  of  August,  1879,  having  brought  with 
me,  from  New  Orleans,  H.  K.  Hodges,  assistant  engineer,  as  leveler ;  Hiram  Henry, 
roclman ;  Charles  O'Dowd  and  Frank  Walgamoth,  as  chainmen ;  John  Hodge,  boat- 
man ;  and  Richard  Concry,  as  camp  cook. 

On  arriving  at  Natchez  I  found  we  would  not  be  permitted  to  land  anywhere  near 
the  t-own,  or  to  hold  communication  with  its  inhabitants,  and  I  fixed  camp  at  Bullitt's 
Bayou,  it  being  about  the  most  central  point  for  work.  I  ran  a  base-line  north  4^  55' 
east  from  a  stake  set  on  the  top  of  Marenajo  levee,  43  feet  from  the  brink  of  the  river 
bank,  across  the  Mississippi  River  to  Dunham's  Bar,  to  the  bank  of  the  river  again, 
the  line  being  12,750  feet  from  Station  0  to  Station  1.  The  line  continued  south  4^  55' 
west,  from  0  to  the  south  bank  of  Lake  Concordia,  3,873  feet.  This  line  forms  a  base- 
line for  all  work  and  divides  it  into  an  east  and  west  division.  Thef  lines  of  traverse 
all  start  from  this  line ;  the  level  lines  also.  The  east  line  starts  from  Station  0 
and  runs  down  the  river  to  Station  44,  near  the  Amolia  gin  house,  below  the  town  of 
Vidalia,  and  the  end  of  the  survey  down  stream. 

The  west  line  starts  from  the  same  station,  0,  and  runs  up  stream  to  Bullitt's  Bayou 
at  Station  G2;  then  across  the  head  of  Lake  Concordia  to  Good  Hope  road;  then  re- 
crossing  an  arm  of  the  lake  to  Vidal's  Island,  and  down  the  north  side  of  the  island 
to  Sahara  Ferrv ;  and  crossing  the  south  arm  of  the  lake  again  connects  at  Station  28 
of  south  bank  lake  line. 

On  the  land  lying  between  the  river  and  the  lake,  many  lines  were  run  for  topo- 
graphical purposes  and  location  of  some  of  the  more  prominent  sloughs  and  bayous, 
and  to  determine  the  extent  of  the  swamps. 

Several  lines  were  cut,  to  make  accurate  cross-sections  from  the  lake  to  the  river  at 
points  at  which  the  river  will,  if  not  checked,  go  throngh  to  the  lake.  The  most 
notable  is  the  line  from  the  Waterloo  break  to  Station  32,  west  line.  These  lines,  as 
in  fact  almost  all  of  my  work,  were  a  tiresome  distance  from  camp,  and  I  deemed  it 
economy  to  employ  a  wa^on  and  team  for  carrying  us  back  and  forth.  I  could  use 
our  own  skift*  for  some  of  it,  but  not  all. 

Mr.  Hodge's  death  wjis  a  drawback  on  the  progress  of  the  work.  It  seemed  at  the 
time  that  the  whole  of  my  party  from  New  Orleans  would  be  down  sick.  The  two 
colored  men,  Hodge  and  Concry,  I  was  compelled  to  send  back,  one  of  them  (Concry), 
I  learned  since,  died  of  malarial  fever;  Walgamoth  is  also  still  sick  with  the  same  dis- 
ease in  New  Orleans;  add  to  it  all  the  rains  and  quarantine,  I  was  under  many  disad- 
vantages. On  the  5th  of  September  I  engaged  Captain  Adams,  of  Natchez,  to  take 
the  place  of  Mr.  Hodge.  He  has  been  with  me  all  the  time  since,  and  very  satisfacto- 
rily performed  the  duties. 

On  the  14th  of  October,  having  no  longer  any  use  for  them,  I  discharged  Hiram 
Henry,  rodman,  and  all  of  the  axmen  and  flagmen,  and  retained  in  camp  O'Dowd, 
Doherty,  and  Brewerton,  and  the  cook,  Phil.  Cunningham. 

Aft«r  a  brief  history  of  the  operations,  as  above  reported,  it  is  proper  to  give  you  a 
statement  of  generarfeatures  of  ground  and  river  embraced  in  this  survey,  commenc- 
ing with  Gile?  Band  and  Swamp,  both  occupying  a  very  important  place  in  any  fu- 
ture work  that  may  be  done  in  connection  with  the  improvement  of  the  Natchez  and 
Vidalia  harbors.  The  bend  is  on  the  Mississippi  shore,  and  forms  the  river  bank,  curv- 
ing around  Rifle  Point  Bar,  and  ends  at  the  up-stream  end  of  Dunham's  Bar,  in  front 
ofOiles'  Swamp ;  and  that  you  may  the  better  understand  the  position  of  both  bend 
and  swamp,  I  will  commence  at  the  lower  part  of  \t. 
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ki  a  point  bearing  north  30^  50'  east,  from  Light- Post  Station  21  east  line^  to  stake 
on  top  of  bankf  on  a  line  bearin^north  15°  west,  across  Giles'  Swamp  to  Giles'  Bend 
»  6,408  feet  from  bank  to  bank.    The  same  line,  if  measured  in  1858,  would  have  meas- 
ured a  little  less  than  three  miles.     All  the  changes  have  been  at  the  north  end  of  the 
line,  and  the  river  is  to-day  passinc  over  the  same  bed  that  it  did  fifty  years  ago.   The 
cotton-wood  trees  growing  on  both  banks  are  abundant  proof  of  this.     The  neck  of 
laud  that  this  line  crosses  is  called  Giles'  Swamp,  and  the  bend  it  starts  from  is  Cow- 
pen  Bend. 

The  appearance  of  the  soil  has  all  the  appearance  of  the  slow  filling  up  from  slow 
moving  water  from  the  Mississippi  River,  depositing  fine  sand  and  vegetable  decom- 
poMtion,  and  is  extremely  friable.    The  more  north  we  go  the  greater  evidence  we 
find  of  a  former  swamp.    In  the  bed  of  the  sloughs  are  occasional  cypress  trees,  but 
notof  a  very  old  growth.     On  the  north  limit  of  the  line,  Giles'  Bend,  the  banks  cave 
or  rather  slide  ofifrom  the  top  down  to  the  water,  moving  outward  at  the  same  time, 
and  the  earth  is  washed  away  by  the  current.     This  movement  is  continually  going 
OD,  the  bank  showing  a  regular  succession  of  steps  from  the  water  edge  to  the  S)p  of 
the  bank,  2  to  3  feet  high,  and  2  to  10  feet  on  top.     Some  of  the  more  rapid  slides 
bring  to  the  light  cypress  stumps  from  10  to  15  feet  below  the  surface.     These  are  now 
the  only  evidence  of  it  havins  once  been  a  cypress  break,  for  all  through  the  neck  of 
land  are  growing  cotton  wood  trees,  some  4  feet  in«diameter,  hackberry  and  ash  of  a 
very  old  growth  ;  the  soil  on  the  suriace  nowhere  showing  the  buckshot  of  the  swamp, 
bntha-stle  ashen  gray  mellow  soil  always  found  in  deposit  of  river  silt  remote  from 
the  point  of  overflowing  banks.    The  rapidity  of  the  caving  in  Giles'  Bend  may  be 
computed  from  the  observation  on  the  line.     On  the  20th  of  August,  I  set  a  prelimi 
nary  flag  for  a  point  of  triangulation,  and  marked  a  tree  due  south  from  it,  625  feet, 
the  flag  being  10  feet  from  the  edge  of  bank,  and  on  the  seventh  of  October  the  flag 
^aa  gone,  and  the  distance  from  the  tree  to  the  bank  was  241  feet  on  the  same  line, 
showing  that  394  feet  of  bank  had  gone  in  the  river.     I  describe  this  point  with  mi- 
DQtenfes  of  detail  that  you  may  more  readily  comprehend  its  importance  in  any  im- 
provement contemplated,  for  I  think  it  the  most  important  point  in  the  survey,  and 
^he  real  point  of  danger  to  the  harbor  of  Natchez.    Should  the  river  wear  its  way 
throngh  this  point,  as  it  will  at  no  distant  time,  its  course  will  be  to  the  east  of  the 
^Jpe  toward  the  bluffs,  and  the  rebound  must  cut  away  the  Natchez  Bar  and  the  point 
^*  land  on  which  Vidalia  now  stands.    This  will  be  followed  by  the  inevitable  sand- 
^^  on  the  opposite  shore,  commencing  near  the  light-post  and  extending  to  Rocky 

xiSf'-  ^^^"^  Natchez. 

While  describing  the  character  of  Giles'  Bend  and  Swamp,  I  have  said  but  little  of 
^ixits  west  of  the  line  between  the  two  points  of  starting  and  ending,  the  shore  being 
*  ^and-bar  called  Dunham's  Bar,  from  the  north  end  of  base-line  to  Cowpen  Bend. 
^\  the  south  end  of  Giles'  Swamp  line  the  bar  needs  no  special  description,  and  the 
r^*l  and  bank  from  the  lower  point  of  bar  for  half  a  mile  are  nearly  stationary,  cav- 
'^f^  very  little  at  the  upper  end,  and  increasing  a  little  all  the  way  down,  then  down 
^    the  light-post  at  the  old  corral  the  caving  increases;  average  distance  from  the 
^*^ore  to  the  bluff"  is  about  300  yards,  at  some  points  much  less,  at  others  more.     The 
^^atest  amount  of  cave  during  the  progress  of  this  survey  has  been  directly  opposite 
^^^tion  27,  east  line.     From  August  12  until  October  10  it  was  73  feet,  sliding  cave ;  at 
^*^*Xer  points  the  caving  is  by  crumbling  from  the  top  and  washing  at  the  water-line. 
■^^   the  light-post  also  the  caves  are  crumbling,  going  on  at  a  lessening  rate  until  we 
^^»iie  to  the  Dark  spur  dike  at  the  head  of  a  ledge  of  soapstone-like  formation  above 
j^x^own's  Saw-mill.    This  ledge  is  7^  feet  above  the  low-water  line  (1872)  on  the 
^^tchez  gauge,  and  leaving  the  bank  at  an  angle  of  7^°  extends  below  the  lower  spur- 
^*^lie  (there  are  three  of  them),  the  whole  length  of  ledge  being  725  yards,  with  occa- 
Ijjonal  breaks  through  it.    From  the  upper  spur-dike  down  to  the  rocky  point  below 
^J^tchez  the  foot  of  the  bluffs  forms  the  shore  line ;  the  bluff's  being  of  a  composition 
^J|^«t  will  resist  the  wearing  power  of  the  ^  ater  for  many  years.    The  rocky  point, 
^liich  has  a  very  gradual  slope  far  into  the  river,  is  composed  of  thin  layers  of  con- 
Si  c»merate  rock,  gravel,  and  sand,  with  slight  mixture  of  clay.    This  is  as  far  down 
^  *»^«  river  as  it  is  useful  to  carry  the  survey  on  the  Mississippi  bank. 

C^ommencin^  a  description  of  the  bank  on  the  Louisiana  shore  at  the  foot  of  Rifle 
^oint  Bar,  I  will  describe  the  dangerous  points  as  they  are  reached. 

-At  the  point  of  starting,  the  foot  of  the  bar  is  slowly  extending  down  the  river 
^'^ard  Good  Hope  Landing,  with  nearly  stationary  banks.     The  current  leaving  the 
M^isgiiwippi  shore  has  crossed  to  the  Louisiana  shore,  and  runs  with  its  greatest  force 
at  the  head  of  the  old  bed  of  Lake  Concordia,  above  Bullitt's  Bayou.    Tnis  old  bed  of 
^«  river  and  lake  is  covered  with  a  growth  of  willow  trees,  some  of  them  2  feet  in 
aiameter;  the  soil  of  a  loose  ashy  appearance  10  to  15  feet  below  the  surftvce,  then  a 
olue  clayey  substance  that  dissolves  rapidly  where  running  water  comes  in  contact 
^Jtii  it,  this  stratum  varying  in  depth  from  5  to  12  feet;  under  this  is  a  more  tena- 
cjons  formation,  of  nearly  the  same  color,  varying  in  thickness  from  5  to  6  feel',  U\e^^ 
^"c  treacherous  composition  of  sand  and  whitish  clay,  forming  quVckaand.    C«l\V\\^ 
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here  18  going  oq  very  rapidly  at  this  time,  and  is  only  checked  hy  tlie  hard  vegetable 
decompoMtion  in  the  ola  bed  of  Bullitt's  Bayou.  This  now  forms  a  spur-dike,  break- 
ing the  force  of  the  current  and  forming  a  great  eddy  below  it  that  is  washing  away 
the  alluvial  bank  below  it  for  400  yards.  There  is  some  danger  of  the  river  making 
its  way  through  to  the  lake  again  after  an  absence  of  some  centuries,  though  I  do  not 
consider  this  a  near  termination.  A  greater  probability  is,  that  in  the  event  of  con- 
tinued caving  the  river  will  pass  through  the  low  grounds  near  the  old  track  of 
Bullitt's  Bayou  toward  the  Marengo  Swamps,  and  enter  the  lake  at  the  Waterloo  and 
Marengo  breaks,  this  course  being  much  the  shorter. 

The  uanks  from  Bullitt's  Bayou  (station  61,  we^t  line)  to  the  edge  of  the  willow 
swamp — a  part  of  what  was  called  Grassy  Lake — is  continually  crumbling  off.  down 
to  Station  4y,  west  line;  below  this,  down  to  Station  32,  the  lower  limit  of  the  willow 
swamp,  is  a  continuous  sliding  bank,  setting  gradually  in  regular  st^ps;  as  it  washes 
away  from  thn  water  edge  another  break  appears  at  the  top  of  the  bank.  The  soil 
here  has  much  the  appearance  as  at  the  head  of  Lake  Concordia,  except  that  the 
depth  of  the  ashy-looking  deposit  above  the  original  bed  of  Grassy  Lake  is  greater, 
it  varying  from  10  to  20  feet  below  the  surface;  underlaying  it  are  the  same  layers  of 
clay,  in  greater  or  less  stages  of  perfection;  then  the  quicksand,  with  transpiration 
water  oozing  through  from  the  lakes  and  water-holes.  This  swamp  has  its  limits  well 
defined  by  the  timber  growing  on  and  around  it.  It  is  surrounded  by  the  usual  kinds 
of  trees  growing  in  the  wooded  lands  here,  say,  cottonwood,  ash,  hackberry,  and  gum, 
with  the  cottonwood  predominating,  while  in  the  lake  bed  are  willows  only,  none  of 
them  more  than  8  inches  diameter.  A  profile  of  the  surface,  on  a  line  having  the 
direction  of  the  point  of  swamp  most  distant  from  the  river  to  a  levee,  will  show  the 
general  surface  level. 

There  is  some  danger  of  the  river  going  through  to  the  lake  at  this  swamp.  It  is 
in  the  immediate  track  of  the  waterflow  from  several  crevasses  that  have  broken 
through  the  levees.  Since  1860  the  lands  have  been  much  washed  out.  A  cross- 
section  from  Station  32  to  Lake  Concordia  to  a  point  150  feet  below  the  great  W^ater- 
loo  break — in  the  lake  line  of  levels,  north  bank — will  show  the  extent  of  damage  by 
washing,  and  the  facilities  created  for  a  rapid  flow  from  the  river  to  the  lake,  at  this 
point  alone,  with  a  very  strong  probability  that  the  Bayou  Cocodrie  would  soon  be- 
come enlarged  to  an  extent  that  would  keep  the  Black  and  Tensas  rivers  constantly 
in  an  overllowed  condition  during  hiji^h-water  in  the  Mississippi  River. 

From  this  point.  Station  32,  west  line,  to  the  light-post.  Station  21,  east  Hue,  near 
the  foot  of  Lake  Concordia,  constant  caving  is  going  on:  tne  same  formations  exist  in 
the  soil — the  old  sand-bar,  upper  stratum,  buckshot;  below  it,  sand;  then  the  grayish 
blue,  half-formed  clay;  then  quicksand. 

From  Station  21,  down  to  37,  Natchez  sand-bar  extends;  below  this,  to  Station  :i9, 
the  bank  is  stationary.     Station  40  is  opposite  Rocky  Point,  and  on  a  stationary  bank ; 
thence,  down  to  lower  end  of  Arnolia  Pasture,  is  a'  slightly-caving  bank,  and  is  the 
ower  end  of  this  survey. 

From  Station  44,  near  the  Arnolia  gin-house,  I  ran  a  line  of  levels  for  a  cross-section 
of  the  country  between  the  river  here  and  Lake  Concordia,  and  across  the  lake  to  the 
river  again,  crossing  the  river  again  to  Duuham*s  Bar,  then  to  the  river  again  at  the 
foot  of  Giles's  Bend. 

By  looking  at  the  large  map  accompanying  this  report,  you  can  form  a  better  idea 
of  the  many  dry  bayous  and  sloughs  than  you  could  possibly  do  from  a  minute  de- 
scription. There  are  many  of  them,  and  all  running  nearly  iu  the  same  direction, 
that  is,  all  bear  to  the  east,  in  the  direction  followed  by  Lake  Concordia.  There  is 
one  exception  to  this,  and  it  was  made  by  cutting  short  cinals  from  one  slough  to 
another  for  the  purpose  of  draining  into  the  lake  through  a  culvert  that  was  put 
under  the  levee  at  the  Marengo  break,  and  another  one  was  put  iu  at  the  Waterloo 
break,  or  rather  where  these  bi-eaks  are  now,  the  culverts  being  the  direct  caiLse  of 
the  levees  breaking. 

I  suppose  that  no  one  disputes  the  evident  conclusion  that  Lake  Concordia  was  ma4le 
a  lake  by  a  cut-otf  near  the  line  of  bluffs  northeast  of  it,  and  that  the  cut-olt*  must 
have  been  made  by  the  river  through  a  sand-bar  of  its  own  formation.  I  do  not  know 
of  any  tradition  or  history  fixing  the  time  when  this  occurred,  but  it  must  have  been 
after  the  fii-st  settlement  of  Louisijina.  Be  this  as  it  may,  I  have  found  tough  blue  or 
yellowish-gray  clay  anywhere  on  the  Louisiana  shore,  except  near  the  light-post  at 
Station  21,  east  line.  Here  are  the  only  evidences  to  be  found  that  the  river  has  occn- 
pied  nearly  the  same  place  for  fifty,  perhaps  hundreds  of  years.  The  same  kind  of 
clay  mentioned  is  found  on  both  shores;  trees  of  not  less  than  fifty  years'  growth  are 
standing  on  opposite  banks  of  the  river  less  than  4,000  feet  distant  from  each  other. 
From  these  and  other  observations  I  conclude  that  the  Mississippi  River  is  repeating 
its  movements  of  many  years. 

At  my  triangulatiou  station,  north  60°  30'  east  from  the  north  end  of  base-line,  the 
largest  trees  do  not  exceed  16  inches  diameter,  and  these  are  cottonwood,  growing  on 
what  appears  to  be  the  natural  boundary  of  the  river,  dividing  itself  from  the  later- 
formed  sand-bar  hy  a  well-defined  bank. 
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Od  the  Xioulsiana  side  of  the  river,  and  but  a  short  distance  above  Good  Hope  Land- 
ing, are  cotton  wood  trees  of  a  very  old  growth,  one  of  which  is  a  beariuc  tree  of  the 
land  survey  of  United  States  in  1828,  which  was  then  described  as  a  "  cottonwood. 
tree,  ten  in.  dia."  I  mention  these  facta  for  the  reason  that  they  may  be  of  use  to  you 
in  determining  the  remedy  to  be  applied  to  prevent  a  total  destruction  of  the  present 
harbor  of  Natchez,  which  a  cut-off  tnrough  Giles'  and  Cowpen  bends  would  certainly 
effect. 

The  description  of  the  shores  of  the  Lake  Concordia  need  not  occupy  much  time, 
and  will  be  confined,  in  general,  to  the  character  of  the  bank  formations  and  the 
effect  on  the  adjacent  country,  if  it  should  become  the  water-way  of  the  Mississippi 
River. 

The  south  bank,  which  is  the  important  one  now,  will  not  readily  give  way  to  the 
wearing  power  of  the  Mississippi.  The  compositiou  is  such  that  it  will  withstand  its 
force  for  many  years.  The  curves  are  re^'ular  and  the  slopes  gradual,  and  coated  with 
a  compoHition  <if  small  gravel,  some  sheDs  (muscle),  and  a  hard  clay  and  coarse  sand. 

Ou  the  south  arm  near  bayou  are  a  number  of  small  bayous  leading  south  and  west, 
all  of  them  with  sandy  banks  and  very  friable. 

itayou  Cocodrie  is  the  same  in  character;  a  description  of  borings,  made  to  reach 
the  low-water  levels  of  the  Mississippi,  will  explain  the  matenal  to  that  depth. 
Above  the  wat4*r-line  in  the  lake  the  alluvial  deposits  scarcely  vary  any  from  that  of 
the  river.  The  greatest  depth  of  water  found  iu  the  lake  was  40  feet.  This,  the 
deepest  part  of  the  lake,  is  near  the  foot  of  Vidal's  Island.  The  water-level  (surface) 
in  the  la^e  is  25.8  feet  above  the  zero  of  the  Natchez  water-gauge,  and  lowest  point 
at  bottom  of  tlie  lake  is  14.2  feet  below  the  zero  point.  The  average  channel  depth 
from  Giles'  Bend  down  to  Rocky  Point  is  nearly  54  feet  below  the  same  point.  This 
shows  that  since  Lake  Concordia  ceased  to  be  the  water-way  of  the  Mississippi  River, 
it«  bed  has  been  elevated  from  40  to  80  feet,  and  all  of  this  filling  has  been  accom- 
plished very  slowly.  The  soundings  in  the  lake  all  show  a  hard-clay  bottom,  the 
lead  frenueutly  bringing  up  small  shells  and  occasionally  fine  gravel,  which  form  an 
extremely  firm  bed  that  must  extend  down  many  feet  from  its  present  surface.  The 
same  character  in  the  formations  exists  for  several  feet  above  the  present  water-line, 
gradually  becoming  mixed  with  the  alluvial  soil  of  the  surface  ground,  losing  much 
of  its  tenacity  as  it  nears  the  top  of  the  bank. 

On  the  south  arm  of  the  lake,  that  is,  that  part  south  and  west  of  Vidal's  Island, 
from  which  is  the  only  outlet,   Bayou  Cocodrie,  having  a  high-water  capacity  of 
discharge  through  a  section  of  nearly  1,200   feet,  the  banks  are  of  a  more  friable 
nature,  showing  the  banks  to  be  easily  moved,  and  the  water-way  frequently  chang- 
ing position.     The  evidence  of  this  is  seen  in  the  small  island,  an  occasional  deep 
wash-out  or  hole  in  the  course  of  the  stream.     In  the  vicinity  of  the  bayou  leading 
from  the  lake  are  numerous  small  bayous,  or  sloughs,  all  with  friable  banks,  and  hav- 
ing a  direction  running  west  of  south.     Bayou  Cocodrie  runs  a  very  winding  course, 
one  fork  terminating  at  Lake  Cocodrie,  8  miles  south,  10  miles  west  of  the  point  of 
departure;  another  branch,  c»r  fork,  entering  Black  River  17  miles  south  and  14  miles 
west  of  the  departing  point  on  the  lake.     It  enters  Black  River  about  7  miles  north 
of  the  junction  of  Bla^k  and  Red  rivers.     The  section  of  country  is  interlaced  with 
numerous  small  bayous  and  small  lakes,  and  is  fitly  called  the  Black  River  Swamps. 
It  will  demand  consideration  while  discussing  the  improvements  for  the  harbors  of 
Natchez  and  Vidalia. 

After  the  foregoing  descriptions  of  the  banks  and  currents  of  the  river  :^nd  lake,  a 
further  description  of  land,  especially  that  lying  between  the  Mississippi  River  and 
Lake  Concordia,  will  be  in  order,  the  general  characteristics  being  sandy  ridges  divided 
by  low  sloughs,  all  terminating  in  low  swamps,  and  all  having  a  direction  conforming 
with  the  north  shore  of  the  lake,  and  all  nearing  each  other  near  the  foot  of  the  lake, 
where  they  now  abruptly  eud  at  the  river  bank.  It  will  be  seen  by  the  profiles  cross- 
ing this  strip  of  land  at  different  places  that  the  general  level  of  the  ridges  are  above 
that  of  the  river  bank,  and  that  the  great  swamps  that  existed  twenty  years  since  are 
now  nearly  gone  and  the  river  bank  now  occupies  their  most  southern  and  western 
limit ;  all  that  remains  of  them  are,  that  described  as  the  Willow  Swamp  and  a  part' 
of  the  Waterloo  and  Marengo  swamps. 

The  Willow  Swamp  is  what  remains  of  Grassy  Lake,  a  lake  nearly  3  miles  long  and 

a  half  mile  wide.    A  number  of  small  bayous  drained  into  it,  Bullitt^s  Bayou  being 

one,  entering  at  its  western  extremity  and  leaving  it  again  through  the  south  bank  2 

miles  from  its  entrance. 

A  larjge  part  of  the  Marengo  Swamp  still  remains  between  Stations  5  and  15  of  west 

line,  with  a  general  depression  of  S^  feet  lower  than  the  lake  bank.     The  frequent 

crevasses  Of  the  past  twenty  years  have  filled  it  to  a  great  extent. 
The  narrowest  point  between  the  river  and  lake  banks  is  now  immediately  along 

my  base-line,  and  is  952  feet  from  bank  to  bank. 
'Fhe  neck  of  land  through  from  Giles'  Bend  to  Cowpen  Bend  has  before  been  (le- 

B^ribed;  some  features,  however,  were  not  mentioned. 
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The  sloagh  called  Lone  Lake  is  crossed  by  my  base-line  and  by  the  line  ranning 
from  Cowpen  Bend  to  Giles'  Bend,,  and  is  peculiar  in  some  of  its  teatares.  It  has  its 
head  near  the  upper  end  of  Dunham's' Bar  and  follows  down  the  bar  and  on  the  bar, 
following  a  mile  and  a  half,  when  it  passes  on  to  the  older  bottom-lands,  and  it«  lower 
terminus  being  nearly  opposite  Station  28,  east  line,  at  the  river  bank.  It  seems  to 
have  formed  a  connection  with  an  older  slough  that  drained  a  portion  of  Giles' 
Swamp  in  the  older  bottom,  and  the  newer  formation  of  the  bar  closed  up  its  lower 
end ;  it  followed  the  course  of  this  through  the  bottom  to  the  river,  about  1|  miles  below, 
near  the  bluffs.  It  carries  water  during  the  low  stages  of  the  river  westward  into  the 
sand-bar,  while  the  old  bayou  takes  another  part  of  it  east  to  the  river  near  the  blufis. 

After  a  review  of  the  operations  in  the  field  during  the  survey,  it  seems  that  the 
remedy  to  be  applied  for  the  protection  of  the  Natchez  and  Vidalia  harbors  must  be — 

First.  To  prevent  the  Mississippi  River  from  cutting  through  the  neck  of  land  called 
Giles'  Swamp,  from  Giles'  Bend  to  Cowpen  Bend. 

Second.  To  prevent  it  from  entering  Lake  Concordia.        \ 

If  it  should  go  through  Giles' Swamp,  the  effect  will  only  be  felt  on  the  Natchez 
harbor  and  the  point  of  land  on  which  Vidalia  is  situated.  If  it  goes  into  Lake  Con- 
cordia the  condition  of  the  levees  on  the  south  bank  of  it  will  not  confine  it  to  the 
lake,  but  the  whole  countrv  south  of  it  will  be  inundated  from  the  flow  through  Co- 
codrie  and  other  bayous  in  that  vicinity.  The  Vidalia  point  will  wear  away ;  the  result 
must  be  similar  to  tAt  at  Vicksburg. 

A  remedy  for  both  of  these  contingencies  can  be  applied  in  the  construction  of  spur- 
dikes,  four  in  Giles'  Bend  and  six  in  the  Marengo  Bend;  those  on  the  Mississippi  snore 
to  be  about  1,^S0  feet  apart — the  first  to  be  placed  at  the  upper  end  of  the  bend  where 
the  river  runs  near  the  bluffs,  and  should  not  extend  beyond  the  outer  eddy-line ;  the 
oihers  to  be  located  according  to  the  circumstances  disclosed  by  the  first. 

Those  on  the  Louisiana  shore  should  commence  with  a  first  a  little  above  the  foot 
of  the  sand-bar  (Rifle  Point  Bar),  and  the  second  above  the  old  bed  of  the  river — Lake 
Concordia;  and  a  third  at  the  mouth  of  Bullitt's  Bayou.  None  of  them  should  project 
into  the  rivet  outside  of  the  edd^-line,  but  should  be  so  located  as  to  divide  the  eddies, 
and  thus  force  a  change  of  position.  The  other  spur-dikes  on  this  side  of  the  river 
should  be  located  after  the  first  three  are  constructed  and  their  effect  on  the  current 
disclosed. 

The  result  of  placing  these  dikes  will  be  to  direct  the  current  against  Dunham  s 
Bar,  where  the  cnannel  would  soon  follow. 
Very  respectfully, 

W.  C.  Melvin, 

Asfiiatant  Engineer 

M^j.  W.  H.  H.  Benyaurd, 

Corps  of  Engineers  J  U.  S.  A. 
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IMPROVEMENT  OF  MISSISSIPPI  EIVER  BETWEEN  THE  MOUTHS  OF  THE 
ILLINOIS  AND    OHIO    RIVERS — ICE-HARBOR    AT    SAINT    LOUIS,  MIS- 
SOURI—IMPROVING    MISSISSIPPI   RIVER  AT   OR  NEAR   CAPE   GIRAR- 
DEAU   AND    MINTON'S    POINT,  MISSOURI — IMPROVEMENT  OF  OSAGE 
RIVER  IN  KANSAS  AND  MISSOURI. 


beport  of  captain  0,  h.  ernst,  corps  of  engineers,  officer  in 
charge,  for  the  fiscal  tear  ending  june  30,  1880,  with  other 
documents  relating  to  the  works. 

Engineer  Office,  United  States  Army, 

aaint  LouiSj  Mo.^  July  28, 1880. 

General  :  I  have  the  honor  to  herewith  transmit  my  annual  reports 
for  the  year  ending  June  30, 1880. 

I  assumed  charge  of  the  works  on  the  30th  of  March,  relieving  Col. 
James  H.  Simpson,  Corps  of  Engineers.  I  had  previously  been  con- 
nected with  them,  under  Colonel  Simpson's  orders,  from  the  beginning 
of  the  year. 

My  reports  cover  the  operations  of  the  entire  year. 
Very  respectfully,  your  obedient  servant, 

O.  H.  Ernst, 
Captain  of  Engineers. 
Brig.  Gen.  H.  G.  Wright, 

Chief  of  Engineers^  U.  S.  A. 


P  I. 

improvement  of  the  MISSISSIPPI  river  between  the  mouths  of 

the  ILLINOIS  and  OHIO  RIVERS. 
BETWEEN  THE  ILLIlfOIS  AND  MISSOURI  RIVERS. 

No  work  was  done  within  these  limits  during  the  year  other  than 
surveys  and  the  establishment  of  gauges.  The  appropriations,  of 
♦20,000  of  June  18, 1878,  and  of  $15,000  of  March  3, 1879,  are  still  avail- 
able, with  the  exception  of  $1,174.15,  the  amount  expended  for  the  pur- 
X>08es  above  mentioned  over  and  above  a  previous  balance. 

This  money,  having  been  appropriated  for  the  improvement  of  the 
Mississippi  between  the  Illinois  and  Ohio  rivers,  must,  I  think,  be  ap- 
plied so  as  to  benefit  the  greatest  number  of  persons  interested  in  the 
navigation  of  the  entire  stretch  of  river  lying  between  those  limits. 
There  is  no  doubt  tfiat  one  important  feature  of  an  improved  river  is 
convenient  access  to  landings;  but  the  most  important  result  to  be 
attained  by  the  improvement,  and  the  07ie  first  to  be  aimed  at,  \s  c^^^\v 
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through  transportation  for  freight.  Passenger  traflfic  is  secondary,  an 
so  is  the  freight  for  any  single  point.  The  estimate  of  the  cost  of  tl 
improvement  is  for  procuring  this  cheap  through  transportation,  an 
does  not  include  the  cost  of  improving  harbors  in  cases  where  speci 
works  are  required  for  that  purpose. 

The  harbor  of  Alton,  which  is  the  most  important  landing  in  th 
section  of  the  Mississippi,  is  in  need  of  improvement ;  but  there  is  i 
difficulty  with  the  navigation  in  that  vicinity  for  vessels  that  do  n< 
stop  there,  and  unless  Congress  should  expressly  appropriate  funds  f 
that  work  it  should  be  deferred,  I  thiuk,  until  the  river  has  reach< 
such  a  stage  of  improvement  that  attention  can  be  turned  from  tl 
primary  object  of  securing  good  through  navigation,  to  the  secouda 
one  of  providing  convenient  access  to  landings.  Additional  estimat 
can  then  be  submitted  to  cover  the  cases  of  such  landings  as  rema 
inconvenient  after  the  general  improvement  has  been  completed. 

Considei-able  difficulty  is  found  near  the  head  of  Piasa  Island.  T 
channel  is  exceedingly  tortuous,  and  near  the  island  is  a  ledge  of  ro< 
which  is  dangerous  at  low-water.  On  the  23d  of  April  I  recommends 
that  the  available  funds  be  applied  to  the  improvement  of  that  localit 
and  requested  authority  to  make  a  hydrographic  survey,  with  a  vie 
to  preparing  a  plan  of  the  works  required  and  an  estimate  of  the 
cost.  This  recommendation  was  approved  so  far  as  to  authorize  tl 
survey,  and  the  latter  was  begun  in  May.  The  field  work  was  coi 
pleted  in  June,  and  tlie  map  is  now  being  prepared.  A  plan  will  I 
submitted  for  your  consideration  at  an  early  day. 

The  dam  at  Ellis  Island  remains  as  reported  last  year  by  my  precL 
cesser. 

The  sum  of  $1,500  was  allotted  for  the  purpose  of  making  the  surv« 
near  Piasa  Island,  to  which  $200  was  afterwards  added  for  the  purp(B 
of  closing  a  gap  between  Eagle  Nest  and  Hop  Hollow,  which  exist- 
in  the  permanent  triangulation  of  the  district.  The  completion  of  tb. 
work  will  give  a  connected  triangulation  from  the  mouth  of  the  Illin< 
to,  the  mouth  of  the  Ohio. 

The  expenditures  were: 

For  hydrographic  survey |1, 507 

For  water  gauges 192 

Total 1,700  ( 

The  river  and  harbor  act  of  June  14, 1880,  contains  in  the  item  apprc 
priating  $250,0i>0  for  the  improvement  of  the  Mississippi  River  betweei 
the  Illinois  and  Ohio  rivers,  the  following  proviso,  viz.  *'of  which  sui 
•  •  •  $15,000  may  be  expended  on  the  harbor  at  Alton,"  the  italic 
being  mine.  The  authority  here  given  implies  a  desire  that  the  sui 
mentioned  shall  be  expended  at  Alton,  and  this  desire  should  be  con 
plied  with  unless  there  are  good  reasons  to  the  contrary.  Strong  re; 
sons,  based  upon  general  principles,  have  already  been  given.  Thei 
are  others  appertaining  to  the  particular  circumstances  of  this  cat 
which  have  their  weight.  The  estimated  cx)st  of  the  works  required  fi 
the  improvement  of  Alton  Harbor  is  $71,000  (see  report  of  Col.  Jam< 
H.  Simpson,  Corps  of  Engineers,  dated  February  9, 1880),  and  that  po 
tion  of  the  works  which  should  be  built  the  first  year  is  estimated  i 
cost  $39,000.  An  examination  of  the  plan  of  improvement  shows  ths 
an  expenditure  much  less  than  $39,000  will  have  little  or  no  beueficii 
effect. 

The  works  proposed  include  a  dike,  A,  B,  C  (see  a<ljoining  sketch 
connected  by  hurdles  at  intervals  of  about  400  feet,  with  the  Missou 
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shore.  Their  object  is  to  collect  all  the  waste  water  of  the  river  at 
stages  below  14  feet  and  throw  it  against  the  main  channel  as  it  comes 
dovTQ  the  Illiaois  shore,  thus  diverting  that  channel  and  causing  it  to 
attack  the  shoal  in  &ont  of  the  Alton  Landing.  The  $15,000  under  dis- 
cussion could  only  be  applied  to  beginning  the  dike  near  the  point  A. 
The  money  would  be  sufficient  to  cross  the  deep  water  ne^r  a  and  to 
carry  the  dike  as  far  as  somewhere  near  b.  The  work  stopping  here 
could  not  be  expected  to  exert  any  beneficial  efifect  upon  the  harbor.  It 
would  exert  an  injurious  effect,  however,  upon  its  own  future.  The  foun- 
dation uear  b  is  now  a  bar,  which  is  dry  at  low- water.  The  estimate  is  based 
upon  utilizing  this  bar  with  a  view  to  cheap  and  rapid  construction.  K 
the  dike  stops  here  for  a  season  the  bar  will  be  scoured  out,  and  it 
will  be  necessary  to  increase  the  estimate.  Without  the  dike  the  bar 
may  be  expected  to  remain  substantially  in  the  same  position  for  a  con- 
siderable period.  The  only  alternative  is  to  make  a  further  allotment 
of  $24,000  from  the  general  appropriation,  so  that  the  work  can  be 
pushed  through  as  far  as  the  point  B  in  one  season.  That  cannot  prop- 
erly be  done  for  the  reason  that  the  general  fund  is  at  best  not  large 
enough  to  answer  the  demands  of  the  general  navigation  interests,  and 
the  diversion  of  any  portion  of  it  at  this  time  to  the  work  referred  to 
must  be  indirectly  an  injury  to  commerce. 

SAWYER  BEND. 

The  revetment  here  remains  in  good  condition.  No  work  was  done 
during  the  year  and  none  is  contemplated  for  next  year,  unless  some 
repairs  should  become  necessary. 

VENICE  DIKE. 

No  work  done  and  none  contemplated. 

CAHOKIA  CHUTE. 

The  June  rise  of  last  year  having  filled  up  to  a  considerable  degree 
^ke  shallow  channel  at  the  upper  part  of  the  west  chute,  a  heavy  strain 
^as  brought  to  bear  upon  the  dam  across  Cahokia  Chute  by  the  falling 
'^ver,  the  result  of  which  was,  in  the  latter  part  of  August,  a  breach  in 
^ke  dam.  It  being  necessary  to  close  this  breach  to  prevent  the  destruc- 
^OQof  the  dam,  and  the  special  appropriation  being  exhausted,  an  allot- 
ment was  made  for  the  purpose  from  the  general  fund. 

The  breach  was  repaired  in  September,  and  the  dam  was  afterwards 
strengthened  at  points  which  seemed  to  require  it,  and  it  has  since  re- 
gained in  good  condition. 

Details  of  the  work  will  be  found  in  the  report  of  Assistant  Engineer 
D.  M.  Gurrie,  hereto  appended  and  marked  A.  Extensive  shoaling  has 
taken  place  above  it,  and  it  is  thought  that  the  severe  strains  wiU  not 
^  renewed. 

The  expenditures  were : 

9|066.77  cubic  yards  riprap $12,280  65 

U8. 09  cords  brush 246  81 

$12,527  46 

Engineering  and  contingencies • 411  25 

12, 938  71 
86  E 
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iSOttS^TAIL  BAtt. 

The  tetm  Horsetafl  Bat  inclndeft  a  streteh  of  rit^r  about  5  tailes  lottg 
6*tonditig  from  tlie  river  Des  Peres,  the  sotitherii  boufidary  of  Saint 
Louis,  to  the  foot  of  Carroirs  Island.    The  avemgtd  \ridth  when  the 
l^orks  were  begun  was  about  6,000  feet.    There  were  several  large  mova- 
ble bars  which  obstructed  the  navigation,  and  it  was  no  uncommon  thing 
to  find  as  little  as  4  feet  depth  of  water  in  the  channel  daring  the  low 
stages  of  the  autumn,  the  obstacle  being  sometimes  at  one  point  and 
sometiines  at  another.    The  bottom  being  composed  of  shifting  sands 
aiid  mud,  this  shallow  water  was  evidently  the  result  of  the  inordinate 
width,  and  the  obvious  means  of  increasing  the  depth  was  to  reduce 
the  width.    It  was  decided  to  undertake  the  contraction  of  the  river  to  a 
width  of  2,600  feet.    For  this  purpose  a  series  of  jetties  or  dikes  perpen- 
dicular to  the  shore  were  planned,  and  their  construction  begun  in  1873. 
Their  outer  extremities  were  to  be  connected  by  longitudinal  dikes  or 
tlttiniug- walls  located  upon  the  lines  of  the  new  banks.    The  construc- 
tion of  one  of  these  training-walls  was  begun  in  1877.    The  object  of 
these  works  was  to  confine  the  water  of  the  river  within  the  prescribed 
limits  by  means  of  their  own  solidity  and  weight.   They  were  built  of  rip- 
rap upon  a  foundation  of  brush.    The 'great  volume  and  velocity  of  th 
Mississippi,  combined  with  the  treacherous  nature  of  the  soil  upon 
which  these  structures  rested,  rendered  the  jetties  a  comparatively  easy 
prey  to  the  currents.    The  attacks  upon  them  were  facilitated  by  their 
great  length  and  by  the  considerable  intervals  which  separated  them 
from  each  other,  neither  of  which  could  well  be  reduced  in  a  river  of 
such  magnitude.    The  training-wall,  receiving  the  shock  of  the  stream 
in  a  more  favorable  direction,  was  not  so  liable  to  destruction  by  the 
current;  but  a  breach  800  feet  long,  occasioned  by  an  icegorge,  in  the 
winter  of  1878-^79,  showed  that  this  part  of  the  work  had  in  the  climate 
an  enemy  which  was  quite  as  redoubtable.    It  was  then  concluded  that 
to  resist  all  the  destructive  forces  at  work  nothing  less  than  a  solid 
mass  of  earth  between  the  new  and  old  banks  would  answer,  or,  in 
other  words,  that  the  land  must  be  wholly  reclaimed,  and  that  works 
in  the  stream  relying  wholly  upon  themselves  were  not  sufficient.    In 
the  spring  of  1879  the  upper  part  of  the  area  included  between  the 
training-wall  and  the  Illinois  shore  was  divided  up  by  hurdles  similar 
to  those  used  on  the  Garonne  and  described  in  the  last  annual  report, 
llieir  object  was  to  cause  the  water  to  deposit  its  sediment  behind  the 
training- wall  as  it  progressed.    The  solid  form  of  the  latter  was  pre- 
served, but  a  cheaper  method  of  construction  was  introduced,  employing 
temporary  instead  of  permanent  materials.    The  stone  jetties  were  in  a 
dilapidated  condition  and  were  abandoned. 

The  remarkable  results  obtained  from  the  use  of  the  hurdles  la«t  year 
led  to  the  application  this  year  of  that  class  of  construction  to  all  parts 
of  the  work.  At  many  places,  particularly  in  the  line  of  the  training- 
wall,  the  water  was  too  deep  for  the  advantageous  use  of  pUes.  At 
such  points  the  hurdles,  or  equivalent  brush  obstacles,  instead  of  being 
made  continuous  and  in  position,  were  constructed  either  continuous  or 
in  sections  upon  floating  ways  from  which  they  were  launched.  One 
side  was  secured  to  the  bottom  by  anchors,  while  the  other'side  was 
held  up  at  the  surface  of  the  water  by  buoys.  Various  forms  of  brush 
obstacles  were  used.  They  are  shown  in  figures  2  to  8,  and  are  fully 
described  in  the  report  of  Assistant  Engineer  D.  M.  Currie,  by  whom 
most  of  them  were  designed.  His  report  is  appended,  marked  A,  and 
is  intended  to  form  part  of  this  report.    At  first  these  floating  obstacles 
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were  anchored  to  a  horizontal  mattress  or  sill  (see  figures  2  to  7),  the 
latter  being  intended  to  prevent  the  scour  that  was  to  be  feared  from 
pla<ang  them  in  contact  with  swiftly  running  water.  Increasing  confi- 
dence in  their  eflBciency  led  to  the  temporary  abandonment  of  the  hori- 
atontal  member  for  economical  reasons.  Further  experience  is  necessary 
to  determine  whether  it  will  be  advantageous  to  resume  that  method  of 
eonstruction. 

The  governing  principle  is  the  same  in  all  of  these  forms  of  construc- 
tion. This  is  to  utilize  the  building  power  of  the  river  by  inclosing  the 
ground  to  be  reclaimed  within  slight  permeable  obstacles. «  These,  while 
smoothing  out  the  boils  and  whirls  and  checking  the  velocity  of  the 
water  sufficiently  to  cause  it  to  drop  a  part  of  its  load,  present  no  great 
obetacle  to  its  flow.  They  are  dike-builders  rather  than  dikes  them- 
selves. Allowing  the  water  to  circulate  freely  they  constantly  intro- 
doce  new  supplies  of  fully  loaded  fluid,  and  thus  gradually  and  easily 
build  up  the  new  banks.  Under  this  system  the  progress  has  been 
rapid,  economical,  and  thus  far  satisfactory  in  its  results. 

A  map  showing  the  plan  of  the  works  and  their  present  state  of  com- 
pletion is  herewith  transmitted. 

SoQudings  taken  in  March,  1880,  are  written  upright  so  as  to  read 
with  the  title.  Those  taken  upon  each  day  are  inclosed  in  brackets 
opposite  which  the  date  is  written.  The  stage  of  the  river  for  that  day 
is  found  in  the  gauge  record  at  the  margin  of  the  sheet.  Soundings 
taken  on  the  29th  and  30th  of  June,  1880,  are  written  at  right  angles  so 
as  to  read  when  the  map  is  revolved  90°  to  the  right.  These  soundings 
are  reduced  to  the  same  stage  as  those  of  March.  Those  having  the 
minus  sign  indicate  that  the  ground  would  be  uncovered  with  the  river 
at  that  stage.  The  heavy,  broken,  and  dotted  lines  show  the  plan  of 
the  works  not  yet  begun ;  the  full  lines  those  now  completed. .  Upon 
each  line  of  hurdles  are  given  the  dates  when  it  was  built  and  when  it 
was  repaired. 

It  is  no  easy  matter  in  the  case  of  a  silt-bearing  stream  to  slmw 
definitely  up>on  paper  the  effect  of  the  works  of  improvement  upon  the 
channel.    A  statement  that  a  certain  depth  existed  before  the  execution 
ofthe  works  and  another  depth  existed  afterwards  might  be  strictly 
true,  bat  at  the  same  time  might  be  misleading  and  unfair.    The  chan  • 
nel  is  constantly  shifting  its  position  and  the  Ix^ttom  fills  or  scours  with 
the  rise  or  fall  of  the  water  surface.    It  is  a  common  occurrence  after 
the  summer  rise  that  a  gradual  fall  of  15  inches  on  the  gauge  is  attended 
bj  an  increase  of  9  inches  in  the  depth ;  that  is,  that  during  this  fall  of 
15  inches  there  is  a  scour  of  2  feet.    Comparative  sections  of  the  chan- 
nel are  therefore  useless  for  indicating  the  effects  ofthe  works.    Know- 
ing that  with  banks  not  too  far  apart  there  will  always  be  somewhere 
between  them  a  good  channel  at  all  stages,  we  must  turn  for  definite 
information  to  the  process  of  building  up  the  new  banks. 

Several  sections  embodying  information  obtained  at  dates  earlier 
than  those  of  the  written  soundings  are  given  upon  the  map  showing 
the  results  of  the  operations  thus  far.  These  may  be  supplemented  by 
the  statement  that  the  least  depth  of  water  found  in  the  channel  at  any 
time  during  the  year  was  8  feet.  In  examining  these  sections  it  is  to  be 
borne  in  mind  that  the  works  are  built  to  a  height  of  about  15  feet  above 
low-water,  and  that  that  portion  of  the  river  bed  lying  below  that  level 
is  mainly  to  be  considered  when  making  inquiry  as  to  their  effect. 

Section  on  E  F  shows  a  maximum  fill  of  27  feet  since  March,  1880,  over 
a  width  of  about  320  feet  and  an  average  fill  of  about  10  feet. 
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Section  G  H  sbows  a  maximum  fill  of  64  feet  since  the  spring  of  1871 
and  an  average  of  about  10  feet  since  March,  1880. 

Section  I  K  shows  a  maximum  of  20  feet  since  April,  1879,  and  an  avej 
age  of  about  6  feet  since  January,  1880. 

Section  L  M  shows  a  maximum  of  48  feet  since  April,  1879,  and  an  avei 
age  of  about  3  feet  since  January,  1880. 

Section  N  O  shows  a  portion  of  ground  which  was  reclaimed  to  a  heigli 
of  about  15  feet  above  low-water  last  year.  Young  willows  began  a 
once  to  grow  upon  it,  and  deposits  have  now  been  secured  to  a  maxi 
mum  height  of  19  feet  6  inches  above  low- water.  These  deposits  have 
been  obtained  under  unfavorable  circumstances.  Most  of  the  building 
material  comes  from  the  Missouri  River. 

If  the  Upper  Mississippi  is  relatively  high,  the  water  of  the  Missour 
is  kept  on  the  west  side  of  the  river  and  away  from  the  works.  Thai 
has  been  the  case  during  the  larger  portion  of  the  last  spring.  Thi 
works  have  cost  more  and  the  results,  large  as  they  are,  have  been  le* 
than  may  reasonably  be  exi)ected  under  ordinaiy  circumstances. 

The  shoaling  action  is  still  going  on,  and  during  the  present  higl 
water  may  be  expected  to  progress  more  rapidly  than  ever,  as  it  is  a 
such  times  that  the  great  movements  of  silt  take  place. 

These  results  are  satisfactory.  Nevertheless  it  is  well  to  be  cautiou 
about  accepting  them  as  final  They  are  still  to  be  secured  and  rendere 
permanent.  A  gteat  flood  choking  up  the  present  low- water  chann 
of  the  river  might  throw  it  over  into  our  new  made  land  and  undo 
large  part  of  this  work. 

Fortunately  these  obstacles  are  as  cheap  as  they  are  frail,  and  can  1 
often  renewed  without  excessive  cost.  When  the  land  behind  them  Ix 
once  become  consolidated  they  may  be  expected,  with  some  additions, 
secure  it  from  future  attack.  The  improvement  cannot  be  regarded  > 
secure  until  the  land  has  been  raised  to  a  height  of  at  least  25  feet  abo^ 
low-water.  The  hurdles  are  built  to  a  height  of  about  15  feet  above  loi 
water,  and  are  expected  to  cause  deposits  to  that  level.  They  canm 
be  advantageously  built  much  higher,  because  they  would  be  expose 
to  rapid  decay,  while  their  action  would  be  limited  to  the  short  perioc 
of  high-water.  It  is  proposed  to  secure  the  additional  height  of  depos 
by  a  growth  of  willows  covering  the  entire  area  to  be  reclaimed.  Thei 
with  their  roots  will  consolidate  the  land  already  formed  and  with  the 
branches  will  cause  further  deposits  at  high-w^ater.  The  number  of  yea 
which  will  be  required  to  raise  the  land  to  a  secure  height  is  altog'eth< 
uncertain,  depending  upon  the  height  and  duration  of  the  spring  frea 
ets,  and  also  upon  the  relative  height  of  the  Upper  Mississippi  and  tl 
Miss'ouri  rivers  during  those  freshets.  It  is  necessary  that  the  gover 
ment  should  control  the  land  and  the  willow  growth ;  and  this  raises 
question  of  riparian  rights  which  will  be  again  alluded  to  further  on. 

The  willow  springs  up  spontaneously  upon  the  newly  formed  alluvi; 
lands  in  the  Mississippi ;  but  observation  is  wanting  to  show  what  is  tl 
lowest  level  at  which  it  will  grow,  and  how  much  time  can  be  gained  I 
planting  cuttings.  To  gain  some  information  upon  the  subject,  as  well  s 
to  ascertain  the  best  season  for  planting,  I  have  had  a  few  cutting 
planted  at  different  levels  about  the  first  of  each  month  during  the  pre 
ent  season,  .using  pieces  of  willow  from  i  inch  to  4  inches  in  diamete 
All  the  cuttings  planted  in  March  lived.  Many  of  those  planted  in  Apr 
and  all  those  plauted  in  May  and  June  died.  It  is  proposed  to  coutinii 
these  experiments  throughout  the  working  season. 

The  greatest  size  that  can  be  given  to  the  enclosed  areas  is  not  as  y< 
iully  determined.    The  size  of  those  constructed  this  spring  has  bee 
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about  1,400  by  400  feet,  the  shorter  dimension  being  measured  parallel  to 
the  bank.  It  is  thought  that  this  dimension  can  be  increased.  The  other 
dimension  being  measured  perpendicular  to  the  bank  depends  upon 
the  amount  that  the  river  width  is  to  be  contracted,  and  may  be  made 
the  full  length  from  the  old  t^o  the  new  bank. 

Tlie  total  cost  of  the  fixed  hurdles  in  the  transverse  lines,  including 
engineering  and  contingencies  and  all  repairs,  was  $1.43  per  ninning  foot. 
Of  this,  44  cents,  or  31  per  cent.,  was  the  cost  of  transportation  and  wear 
and  tear  of  the  equipment.  The  cost  of  the  curtains  or  floating  obsta- 
cles was  $187  per  running  foot;  but  with  these,  owing  to  the  adverse 
circumstance  before  referred  to,  of  a  relatively  low  Missouri  River,  it  was 
necessarj^  to  go  over  the  same  ground  many  times.  To  construct  and 
repair2,500  feet  of  dike  consumed  21,000  feet  of  curtains,  the  total  cost  of 
which  was  $39,382.42,  or  $15.75  per  running  foot  of  dike.  This,  while 
not  more  than  one-third  what  a  stone  dike  would  cost  in  the  same  depth  of 
water,  is  hardly  a  fair  showing  of  the  economy  of  this  system.  At  any 
iwint  far  enough  below  the  mouth  of  the  Missouri  for  the  waters  of  the 
two  rivers  to  have  become  thoroughly  blended,  or  at  Horsetail  it«elf,  under 
eircamstances  which  are  common,  if  not  usual,  there  in  the  spring,  the 
same  results  might  have  been  obtained  at  a  cost  50  per  cent.  less.  Of 
the  $15.75  .above  given,  $4.08,  or  26  per  cent.,  was  for  transportation  of 
material  and  the  wear  and  tear  of  equipment. 

The  items  df  transportation,  &c.,  have  been  separated  in  the  statement 
of  cost  with  a  view  to  showing  some  of  the  i)ecuniary  advantages  which 
W'onld  result  from  increased  annual  appropriations  and  enlarged  opera- 
fens.    Works  were  carried  on  last  year  at  Cairo  and  Cahokia  Chute, 
points  separated  by  a  distance  of  180  miles.    It  being  impracticable  for 
^ne  boat  to  do  the  towing  for  works  so  far  apart,  two  boats  were  em- 
ployed.   Either  of  them  could  have  done  twice  to  three  times  the  work 
't  actually  did  do ;  yet  neither  could  be  dispensed  with.    The  barges 
^ere  more  fully  employed,  but  for  similar  reasons  were  not  worked  up 
^o  their  full  c>apacity.  '  With  the  equipment  fully  employed,  the  cost  of 
tr^usportation  might  be  reduced  at  least  one-fourth.    As  it  forms  about 
^^  per  cent,  of  the  cost  of  the  works  at  Horsetail,  this  would  be  equiva- 
'^nt  to  reducing  the  cost  of  those  works  7  per  cent. 
The  exi)enditures  were — 

Traiuiug-waU  (2,500  feet) : 

^»  ^101.56  cubic  vanU  riprap $2, 871  77 

^T59.85  corclH  i)rn8h 6,699  82 

«^  piles 101  43 

*-»^bor,  rope,  wire,  equipment,  &c • 27,489  40 


Hurdler  (32,000  feet): 

^>H35  feet  piles 13,519  00 

'^a.  140  feet  piles 3,276  00 

4,697.37  conls  brush 8,671  89 

^OO  cubic  yards  riprap 129  00 

^-^Ijor,  rope,  wire,  eqnipiiiont,  &c 17,661  65 


$.37, 162  42 


43,257  54 


Engineering  and  contingencies 4,723  43 

Total 85,143  39 

The  works  at  Horsetail  have  been  under  the  immediate  supervision  of 
Assistant  Eogiueer  D.  M.  Currie,  to  whose  report  reference  has  already 
been  matle.  He  is  entitled  to  credit  for  intelligent  study  and  zealous 
devotion  to  his  work. 

I  have  obtained  useful  hints  as  to  some  of  the  details  of  the  structures^ 
particularly  the  anchors^  from  Maj.  Chas.  R.  Suter,  and  \\\s  wm^\A,w\;^ 
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Capt.  T.  H.  Handbury,  Corps  of  Engineers,  who  have  been  working  on 
a  similar  field  in  the  Missouri  Eiver. 

An  allotment  of  $150,000  has  been  made  to  this  work  irom  the  appro- 
priation of  June  14, 1880.  It  will  be  employed  in  the  construction  of  brush 
obstacles  similar  to  those  used  this  spring,  covering  all  the  remaining 
ground  to  be  reclaimed,  in  accordance  with  the  plan  herewith  transmitted. 
It  is  expected  that  this  will  practically  finish  the  work,  though,  as  above 
explained,  it  must  be  the  object  of  care  for  an  uncertain  number  of  years. 

FORT   GHABTRES  DAM. 

No  work  done  and  none  contemplated. 

TURKEY  ISLAND  DAM. 

No  work  done  and  none  contemplated. 

PROTECTION  OF  BANK  NEAR  KASKASKIA. 

This  work  was  extended  down  stream  a  distance  of  1,100  feet  in  Ju3>S^ 
when  the  funds  allotted  having  been  exhausted,  it  was  suspended.       ^ 
was  discovered,  however,  in  August,  that  owing  lo  a  considerable  sc<^ 
in  front  there  were  a  number  of  slides,  and  that  there  was  danger 
great  damage  being  done  unless  steps  were  taken  at  once  to  check  C 
scour. 

Accordingly  $15,000  from  the  general  appropriation  were  allotted 
addition  to  the  sums  mentioned  in  Colonel  Simpson's  last  annual  repor:^ 
This  was  employed  in  placing  brush  mattresses  50  feet  wide  along  tk::^ 
foot  of  the  slope,  outsidfe  the  former  work,  for  a  length  of  3,305  feet.  Tl^^ 
danger  of  immediate  destruction  was  thus  removed,  but  the  work  is  sti  ^ 
in  a  precarious  condition.  For  details,  see  the  report  of  Assistant  Eng"^ 
ner  Charles  S.  True,  which  is  hereto  appended  and  marked  B. 

The  expenditures  were : 

7,870.50  cubic  yards  riprap |11,406  44 

2,100.20  cords  brush 3,2()2  50 

Excavation    153  30 

Labor,  rope,  «&c 2,51)9  47 

$17,421  71:^ 

Kngineeriug  and  contingencies 1, 279  7V^ 

^  18,701  42 

The  direct  protection  of  this  bank  is  a  difficult  undertaking.  The 
plan  of  construction  has  been  that  successfully  employed  at  other  points, 
viz,  a  brush  mattress  at  the  foot  of  the  slope  extending  up  to  low-water 
mark,  and  above  that  level  a  covering  of  stone.  This  plan  has  not  been 
here  altogether  successful. 

A  light  covering  of  stone  is  not  sufficient,  and  the  soil  is  not  stable 
enough  to  bear  the  weight  of  a  heavy  one.  A  continuous  thatching  of 
brush  might  answer  the  purpose  temporarily,  but  it  would  soon  decay. 
The  act  •£  June  14, 1880,  contains  a  proviso  allotting  the  sum  of  $20,000 
to  this  work,  which  it  is  proposed  to  employ  in  an  attempt  to  change  the 
direction  of  attack  of  the  river,  and  to  finally  cause  deposits  where  there 
is  now  a  scour.  Beginning  at  the  extreme  upper  end  of  the  bend,  per- 
meable dikes  of  hurdle  work  will  be  run  out  at  intervals  into  the  stream. 

The  cost  of  the  work  seems  to  have  far  exceeded  the  expectations  of 

Congress,  by  whose  order  it  is  being  prosecuted.    The  appropriations 

for  1877^  ^78,  and  ^79  were,  respectively,  $5,000,  $10,000,  and  $8,000.    The 
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expenditures  w^  $5,000  (which  was  a  total  loss),  $20,000,  and  $30,000, 
the  differences  being  taken  from  the  fund  provided  for  the  improvement 
of  the  navigation  between  the  Illinois  and  Ohio  Bivers.    The  original 
anms  allotted  by  Congress  being  also  taken  from  that  fund^  it  would 
seem  to  be  carrying  out  the  will  of  Congress  to  add  to  them  if  the  cir- 
cnmstances  of  the  case  require  it.    Bat  the  fact  ought  to  be  stated  tl^t 
tbis  work  is  not  now  in  the  interest  of  the  general  navigation,  but  is 
mainly  of  importance  as  a  protection  of  lands.    Bank  protection  is  a 
useful  aid  to  navigation  by  stopping  the  supply  of  channel-choking 
material  and  by  preventing  the  river  from  increasing  its  width ;  but  thk 
hver  in  this  vicinity  is  in  a  bad  shape  for  perpetuation,  and  the  advan- 
tage to  be  derived  from  protecting  the  bank  is  more  than  counterbal- 
anced by  the  ugly  shape  of  the  channel  and  by  the  absorption  of  the 
Ainds  so  much  needed  elsewhere.    It  is  much  to  be  desired  that  apgr 
sums  which  are  to  be  expended  upon  this  work  should  be  provided  i^ 
^^dition  to  those  designed  for  improving  the  navigation. 

The  cost  of  continuing  the  protection  to  the  end  of  the  bend  is  esti- 
iTftated  at  $204,000,  of  which  $50,000  can  be  expended  to  advantage  ^ext 
:,  if  specially  and  independently  provided. 

HBEETY  ISLAJND  PROTECTION. 

Xo  work  done  and  none  contemplated  unless  some  repairs  should  be- 
c^ome  necessary  to  the  old  work,  which  is  now  in  good  condition. 

devil's  island. 

No  work  done  and  none  contemplated. 

DICKEY  ISLAND  TO  MOUTH  OF  THE  OHIO. 

Operations  were  suspended  about  the  middle  of  October,  the  appro- 

f>:xnation  being  exhausted.    The  revetment  was  extended  up  stream  a 

^^Listance  of  2,900  feet.    It  has  been  raised  to  a  height  of  about  20  feet 

]fc)ove  low- water  throughout  its  extent.    The  report  of  Assistant  Engineer 

^  lias.  S.  True,  who  had  charge  of  the  work,  is  appended,  marked  B,  to 

hich  attention  is  invited  for  details. 

One  remarkable  fact  incidentally  noted  by  Mr.  True  is  the  low-watjar 

"^^dth  of  the  Mississippi  River.    A  section  was  taken  by  him  on  the 

^-Sth  of  September,  when  the  Gray's  Point  gauge  read  7.07  feet  above 

^^w- water,  and  it  was  found  that  the  whole  volume  of  the  river  was 

Massing  through  a  space  743  feet  wide. 

A  still  less  width  was  noticed  lower  down  bnt  was  not  measured.    In 

^^ach  case  the  channel  was  bounded  on  one  side  by  an  ordinary  sand  bar. 

^his  shows  that  no  practicable  amount  of  contraction  of  the  river  will 

insure  deep  water  all  the  way  across,  and  is  to  be  borne  in  mind  whein 

projects  are  under  consideration  for  improvement  of  Saint  Louis  Harbor 

cr  other  important  harbors. 

The  expenditures  were: 

13,648.90  cubic  yards  riprap |21,616  12 

1,6^1.30  c<Mrd«  brush    4,872  79 

Excavation 100  35 

Labor,  rope,  6lc 345  91 

|26, 935  17 

Engineering  and  contingencies 1, 271  78 
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The  revetment  at  this  locality  now  covers  a  length  of  14,200  feet, 
eluding  that  portion  previously  covered  by  the  spur-dikes  of  the  Cs 
Land  Company.  The  latter  was  repaired  and  strengthened  by 
United  States.  The  work  wholly  new  covers  a  distance  of  10,700 
built  in  1876,  '77,  '78,  and  '79.  It  consists  of  a  brush  mattress  covei 
the  foot  of  the  slope,  and  a  covering  of  stone  above  low-water  mark, 
latter  extending  to  a  height  of  about  20  feet  above  low-water.  1 
proposed  to  protect  the  bank  above  that  level  to  a  height  of  abou 
feet  above  low-water  by  a  plantation  of  willows.  For  this  puq 
$5.000  have  been  allotted  from  the  appropriation  of  June  14,  1880. 

When  that  is  done  the  original  project  will  be  completed  and 
work  will  have  reached  a  stage  when  it  becomes  of  secondary  im 
tance  in  the  general  scheme  of  improving  the  navigation.  The  I 
interest  desires  its  extension,  and  this,  while  not  of  primary  importa 
will  be  usefiil  to  the  naAigation  interests.  It  would  be  injurions  to 
latter,  however,  if  it  be  allowed  to  absorb  the  funds  needed  so  m 
more  at  other  points. 

It  is  recommended,  therefore,  that  this  work  be  separately  provi 
for.  The  sum  of  $50,000  can  be  expended  to  advantage  during  the  j 
ending  June  30, 1882,  if  specially  and  independently  provided.  I 
proposed  to  employ  it  in  removing  portions  of  two  of  the  old  spur-dil 
and  in  extending  the  protection  about  1,500  feet  down  stream. 

SURVRYS. 

To  comply  with  the  provisions  of  the  river  and  harbor  act  of  Marc 
1879,  a  special  survey  was  made  of  Alton  Harbor  and  of  the  Mississ 
Eiver  opposite  to  the  mouth  of  the  Missouri,  for  which  the  sum  of  $2 
was  allotted  and  expended  from  the  appropriation  for  examinations 
surveys  and  contingencies  of  rivers  and  harbors.  Two  diflferet  subj 
of  discussion  being  involved,  the  map  was  divided,  and  that  part  co 
ing  Alton  Harbor  was  forwarded  with  Colonel  Simpson's  report  of  1 
ruary  9, 1880,  and  the  remainder  with  his  report  of  March  25. 

Much  office  labor  was  expended  in  working  up  the  data  obtained 
previous  year  for  the  Board  of  Engineers  upon  the  low-water  na^ 
tion  of  the  Mississippi  and  Missouri  rivers,  with  a  view  to  putting 
information  obtained  in  proper  shape  for  transmittal  to  the  Mississ 
Eiver  Commission. 

This  work  was  under  the  immediate  direction  of  Assistant  Engi 
R.  E.  McMath,  who  was  assisted  by  Assistant  Engineers  Wm.  Popp 
W.  S.  Mitchell.  His  report,  with  21  tables  and  49  sheets  of  diagn 
was  forwarded  to  Col.  Z.  B.  Tower,  Corps  of  Engineers,  on  the  7t 
February,  in  compliance  with  your  instructions  of  January  20,  1880 

Included  in  the  surveys  undertaken  for  the  Board,  which  were 
pended  upon  the  organization  of  the  Mississippi  River  Commission, 
a  line  of  levels  to  extend  from  the  mouth  of  the  Illinois  to  tiie  moul 
the  Ohio. 

The  establishment  of  permanent  bench-marks  along  the  bank  b 
necessary  in  carrying  on  the  duties  of  tiiis  office,  a  party  was  organ 
to  continue  that  work.  Advantage  was  taken  of  the  opportunity  h 
trace  the  shore  lines,  and  correct  the  topography  of  our  maps.  ' 
work  has  been  carried  down  as  far  as  Kaskaskia  Bend,  where  it 
suspended  on  account  of  the  appropriation  being  exhausted.  It 
conducted  by  Assistant  Engineer  P.  C.  F.  West,  who  is  entitled  to  ci 
or  skillful  management. 

A  resurvey  was  made  of  the  protected  bank  near  Cairo. 
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The  gauge  at  Gray's  Point  has  been  read  daily  throughout  the  year. 
Gauges  were  established  in  April  at  Grafton  and  Alton,  and  daily  ob- 
servations have  since  been  recorded. 

The  expenditures  were : 

Survey  at  Alton  Harbor,  &c #2,000  00 

Examinations,  &c.,  required  by  Board  of  Engineers  on  low-water  naviga- 
tion of  Minsissippi  River -. 4,848  09 

Lie  vel  and  topographic  Hurvey , 6, 890  80 

Hyclrograpbic  survey  near  Piasa  Island 1, 507  85 

Sux^ey  at  Cairo  protection 220  75 

Water  gauges,  including  the  $192.15  reported  above  for  gauges  between  the 

Illinois  and  Missouri 282  15 

Total 15,749  64 

^n  allotment  of  $5,000  has  been  made  for  the  purpose  of  continuing 
the  work  of  leveling  and  correcting  the  topography  from  the  appropri- 
ation of  June  14,  1880. 

Operations  will  be  resumed  a«  soon  as  the  stage  of  the  river  will 
pennit. 

One  of  the  most  important  developments  of  this  survey  is  the  evidence 
"wliich  the  present  position  of  the  shore  lines  affords,  that  the  stability 
or  the  banks  has  decreased  with  the  settlement  of  the  country  and  the 
clearing  away  of  the  forests.  Weakened  banks  permit  more  rapid 
erosions,  give  the  river  greater  width,  and  therefore  less  depth,  and  the 
navigation  is  injured.  The  fact  that  the  river  has  materially  widened 
"witliin  the  last  60  years  is  generally  acknowledged  by  those  best  in- 
formed, but  all  evidence  that  can  be  procured  in  support  of  it  is  useful 
in  resisting  claims  for  damages,  by  establishing  the  position  that  our 
^orks  of  improvement  are  works  of  conservancy.  And  if  this  widen- 
^^S  process  is  still  going  on  it  is  e\ident  that  the  navigation  is  still  fur- 
tiiier  deteriorating.  An  examination  of  the  shore  line  shows  that  in 
^very  case  where  cleared  fields  along  a  caving  bank  are  interrupted  by 
^  patch  of  woods  the  latter  projects  out  into  the  river.  It  is  easy  to  be- 
lieve that  the  binding  quality  of  the  roots,  and  the  protection  formed 
l>y  the  fallen  trees  at  the  foot  of  the  bank  should  have  this  effect. 
"^Vooded  banks  yield  finally,  of  course,  but  the  rate  of  erosion  is  so  slow 
^il^at  the  river  has  time  to  build  up  on  the  opposite  side,  and  there  is  no 
increase  of  width.  Four  extracts  from  Mr.  West's  maps,  selected  at 
Points  which  had  been  previously  covered  by  authentic  surveys  are  sub- 
^*ntted  in  illustration  of  this  point. 

Extract  No.  1  shows  the  shore  line  opposite  the  mouth  of  the  Missouri 
^B  it  was  in  1870  and  in  1879.    In  nine  years  the  caving  at  the  upper  end 
^^  this  ground,  where  the  bank  was  stocked  with  woods,  was  almost 
Nothing ;  at  the  middle  portion,  the  ground  being  cleared,  there  was  an 
^^^ocion  of  over  900  feet,  and  at  the  lower  portion  where  woods  are  found 
^gain  therewasfroml00to200feetof  erosion.    No.  2  shows  a  wooded  bank 
J^t  below  Carroll's  Island,  as  it  was  found  in  1872  and  in  1879.    It  has 
^^^en  exposed  to  the  attack  of  the  main  channel  for  seven  years,  and  the 
^JX>8ion  is  nowhere  greater  than  200  feet,  and  in  some  places  is  less  than  20 
feet.    No.  3  shows  a  bank  alternately  cleared  and  wooded  just  above 
^immswick,  as  it  was  found  in  1873  and  in  1879.    An  erosion  of  1 ,600  feet 
iu  the  deepest  part  where  the  bank  is  cleared  has  occurred  in  six  years, 
^nd  the  river  has  been  widened  that  much.    The  wooded  point  at  the 
^ower  end  has  held  on  in  a  remarkable  manner.    No.  4  exhibits  Fish 
Bend,  where  the  erosion  has  been  more  rapid  than  at  any  other  point  cov- 
ered by  Mr.  West's  survey.    Nearly  2,000  feet  has  been  waah^l  away  \w 
the  deepest  part  in  the  fire  years  since  1874.    The  promiueive-e  ol  Wvek 
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p^teh  of  woo49,  mairked  A,  i^ear  the  middle  af  the  bend  is  apparent  to 
the  eye>  The  next  patch  belpw,  marked  B,  thoagh  at  flrat  glance  ita 
prominence  is  not  so  apparent,  has  held  on  so  as  to  make  the  river  at 
this  point  narrower  than  at  any  other  within  these  limits.  The  survey 
of  1874  gives  only  one  bank  of  the  river. 

The  facts  of  which  these  are  examples  lead  to  the  belief  not  only 
that  the  navigation  has  been  deteriorating  in  the  past,  bat  that  the  pro- 
cess is  still  going  on,  and  will  increase  in  rapidity  as  further  clearings 
are  made,  and  that,  unless  energetic  measures  are  adopted  to  replace 
the  guards  established  by  nature  and  removed  by  man,  the  day  will 
€ome  when  the  navigability  of  the  river  for  vessels  that  now  use  it  will 
be  destroyed. 

EQUIPMENT. 

The  greater  number  of  the  works  in  this  district  being  situated  at 
points  where  it  is  impracticable  to  procure  suitable  boarding  accoauno- 
dations  for  the  force  employed,  it  is  necessary  to  provide  public  quarters. 
To  construct  buildings  on  shore  would  necessitate  the  acquisition  of  land 
and  the  services  of  a  keeper  throughout  the  year  when  the  work  is  sus- 
pended, and  in  many  cases  the  buUdings  would  be  needed  but  a  short 
time.  A  better  arrangement  is  to  provide  floating  quarters  which  can 
be  moved  from  point  to  point,  and  be  brought  together  for  safekeeping 
with  the  other  property  when  the  work  is  suspended.  Two  quarter- 
boats  having  a  capacity  of  48  laborers  each,  with  the  necessary  kitchen 
and  office  room,  and  with  accommodations  for  the  overseer,  &c.,  were 
built  at  a  cost  of  $2,000  each.  It  is  proposed  to  gradually  increase  the 
number  of  these  boats  as  appropriations  are  made. 

Barges  Ko.  4  and  No.  6  having  become  unserviceable,  were  condemned 
and  dropped. 

The  hull  of  the  steamer  Anita  is  nearly  worn  out,  but  can  probably  be 
made  to  answer  through  the  coming  year. 

RIPARIAN  RIGHTS. 

One  of  the  most  important  questions  connected  with  the  improvement 
of  the  Mississippi  River  is  that  of  riparian  rights.  The  reasons  why  it 
is  of  special  interest  to  the  Engineer  Department  are  that  under  the 
present  frequent,  if  not  general,  interpretation  of  the  common  law :  Ist^ 
the  boundary  between  private  property  on  the  banks  and  the  puhUe 
highway  is  not  defined,  while  it  is  of  great  importance  that  it  should  be 
defined  if  the  government  is  to  be  held  liable  for  damages  caused  by  ito 
works,  and  it  is  important  in  any  event  in  order  to  avoid  trespass;  2a, 
the  accretions  caused  by  the  works  belong  to  the  owner  of  the  adjoining 
land,  while  it  is  absolutely  necessary  that  the  government  should  epn- 
trol  these  accretions  for  a  considerable  period  after  they  emerge  from 
the  water ;  3d,  the  United  States  has  no  title  to  alluvial  islands  formed 
by  nature,  or  to  lands  reclaimed  by  its  works,  while  it  requires  such 
lands  for  the  cultivation  of  willows,  and  should  in  equity  fall  heir  to 
them  as  they  are  formed. 

It  is  uncertain  how  far  the  laws  declaring  the  Mississippi  a  public 
highway  have  impaired  the  right  of  private  ownership  of  the  bed.  Of 
the  two  States  bordering  upon  my  district,  the  courts  of  Illin'ois  hold 
that  this  right  still  exists;  those  of  Missouri  that  it  does  not  The 
Supreme  Court  of  the  United  States  has  decided  that  it  does,  and  again 
that  it  does  not  But  I  believe  that  a  majority  of  the  States  hold  that  it 
does^  and  this  must  probably  be  considered  the  present  law  of  the  land. 
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It  caDDot  be  considered  good  law,  because  it  is  not  good  policy.  Tiie  rea- 
soning by  which  the  adverse  decisions  referred  to  were  reached  was  prob- 
ably based  upon  the  supposition  that  the  public  requires  only  a  pasacige  over 
the  bed.  Thatisnotthecase.  The  public  requires  to  go  down  to  and  itnd^r 
the  bed  to  establish  substantial  works  upon  it  and  to  keep  them  there  for- 
ever. It  requires  to  remove  the  water  from  parts  of  the  bed,  and  to  put 
such  parts  to  its  own  uses  for  an  indefinite  period.  If  the  right  of  private 
ownership  is  recognized,  the  United  States  can  do  nothing  without  tres- 
passing upon  private  property ;  there  can  be  no  further  argument  as  to 
the  ownership  of  accretions  or  '^  tow-heads,"  and  it  is  in  the  power  of 
aiiy  ignorant  or  malicious  riparian  owner  to  place  endless  obstacles  in 
the  way  of  the  improvement. 

(Considering  the  bed  as  a  whole,  the  question  of  ownership  is  of  far 
greater  interest  to  the  United  States  than  to  any  individual,  for  to  the 
former  it  is  a  necessity  as  the  site  of  its  works,  while  to  the  latter  it  is 
of  little  practical  value.    But  at  the  margin  o£  the  stream  the  interests 
are  more  nearly  equal.    Concedeing  that  from  the  nature  of  the  case  it 
is  necessary  that  the  government  (whether  State  or  national)  should 
own  the  bed  of  the  stream,  it  remains  to  define  what  is  meant  by  the 
bed,  and  to  fix  a  boundary  between  the  public  and  private  property. 
This  boundary  is  necessarily  a  movable  one,  and  must  be  the  water 
edge  at  some  given  stage,  a  low,  a  high,  or  a  mean  stage.    The  question 
has  been  decided  in  France  according  to  the  old  Roman  law,  ^^ripa  ea 
jmtatur  esse  quae  plenissimum  flumen  continet^  and  there  the  bed  com- 
prises all  the  ground  covered  by  the  water  when  it  has  reached  its  great- 
est elevation  before  overflow. 

Whatever  elevation  the  waters  may  reach,  so  long  as  there  is  no  over- 
flow or  flood  they  are  within  their  own  domain,  and  this  is  properly  con- 
sidered the  bed.  The  question  of  determining  the  exact  level  at  which 
flood  begins  at  any  locality  is  left  to  the  executive.  This  arrangement 
has  worked  well  there,  and  would  probably  work  equally  well  here. 

The  contraction  of  the  river,  where  it  is  excessively  wide,  results  in 
the  formation  of  considerable  bodies  of  reclaimed  land.  It  is  necessary 
that  this  land  should  remain  under  the  exclusive  control  of  the  govern- 
ment for  an  uncertain  number  of  years,  until  by  successive  deposits 
from  the  river  it  has  been  raised  to  a  height  at  which,  with  suitable  pro- 
tection, it  is  secure  from  ever  becoming  again  the  site  of  the  river.  As 
riparian  rights  are  now  interpreted,  these  ^rmations  become  the  private 
property  of  the  adjoining  land  owner  as  soon  as  they  emerge  from  the 
water.  This  doctrine  seems  fair  enough  when  the  accretions  are  the 
result  of  natural  causes,  but  when  they  are  the  result  of  large  expend- 
itures of  money,  ita  fairness  is  questionable.  The  accretions  may  be  an 
injury  to  the  riparian  owner  by  removing  from  him  water  for  his  animals 
and  his  land ;  but  from  the  nature  of  the  case  they  would  not  be  caused 
in  any  but  places  that  are  already  shoal  or  liable  to  become  so,  and  could 
not  cut  him  off  from  navigable  water  any  more  than  the  shoals  did  be- 
fore.  On  the  contrary,  by  giving  him  a  right  of  way  across  the  new- 
made  land,  his  approach  to  deep  water  would  be  fa(*ilitated. 

It  seems  to  me  that  the  small  injury  of  compelling  him  to  go  some- 
what frirther  for  his  water  is  one  of  those  that  the  individual  must 
always  be  ready  to  suffer  for  the  benefit  of  the  public,  and  that  if  a 
rii^ht  of  way  be  allowed  across  the  new  land  to  the  river,  no  iiyustice 
will  be  done  in  declaring  these  reclaimed  lands  the  property  of  the 
United  States.  This  question  has  been  solved  in  a  different  way  in 
France,  by  fixing  as  the  boundary  between  public  and  private  pxo\>«t\.'^ 
the  water-ed^e  at  a  high  stage.    The  new-made  land  thus  remavw^  ww^ct 
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the  exclusive  control  of  the  government  until  it  bas  reached  a  height 
at  which  it  can  be  cultivated.  It  then  reverts  to  the  adjacent  proprie- 
tor, the  right  of  the  goverinnent  to  exact  an  indemnity  being  recog- 
nized. Probably  this  solution  would  be  a  less  shock  to  legal  prejudices 
than  for  the  government  to  assume  the  ownership  outright.  The  indem- 
nity exacted,  however,  could  only  be  the  diflTerenCe  between  the  value 
of  "the  land  before  improvement  and  that  after.  The  former  being 
nothing,  the  financial  result  to  the  riparian  proprietor  would  be  the  same 
under  either  solution. 

Aside  from  the  necessity,  from  an  engineering  point  of  ^iew,  of  con- 
trolling the  reclaimed  lauds  for  a  series  of  years,  they  are  of  great  value 
to  the  government  in  the  cultivation  of  the  willows,  which  are  a  vital 
necessity  of  the  improvement.  The  supply  of  willow  brush  in  the  wild 
state  is  limited.  There  is  even  now  no  great  surplus,  and  if  the  opera- 
tions should  be  extended  there  will  be  great  difficulty  from  this  source. 
At  present  the  price  is  low,  but  it  would  not  be  difficult  for  an  enter- 
prising individual  to  secure  such  a  monopoly  as  would  enable  him  to 
exact  a  price  many  times  as  high.  The  only  safeguard  against  exorbi- 
tant prices  or  a  failure  of  the  supply  altogether  is  to  own  willow  planta- 
tions. Now  the  means  by  which  it  is  expected  to  cause  deposits  upon 
the  reclaimed  land,  and  thus  raise  it  to  a  secure  height,  is  a  plantation 
of  willows.  We  have  therefore  not  only  made  the  land,  but  we  have 
also  stocked  it  with  a  growth  that  is  of  great  value  to  us  for  improve- 
ments elsewhere.  There  is  every  reason,  then,  why  the  government 
should  take  possession  of  these  lands  if  it  can  be  properly  done. 

Alluvial  islands  of  recent  formation,  or,  as  they  are  generally  known 
upon  the  river,  ''  tow-heads,"  are  of  equal  value  to  the  United  States  for 
this  purpose,  and  of  no  value  whatever  to  any  other  person,  unless  the 
United  States  becomes  a  purchaser  of  the  product.  These  belong  either 
to  the  owner  of  the  adjacent  land  or  to  the  riparian  State,  but  in  no  case 
to  the  United  States.  A  title  to  them  could  be  obtained  from  the  legis- 
latures of  the  riparian  States  if  it  is  once  settled  that  they  belong  to 
those  States.  But  looking  at  the  subject  independently  of  the  law,  it 
would  seem  that  these  formations  should  belong  to  the  United  States, 
because  they  are  of  value  to  it  and  to  no  one  else,  and  because  in  exer- 
cising its  i)ower  of  conservancy  it  often  finds  it  necessary  to  assume 
ownership  to  the  extent  of  removing  parts  of  them  as  public  nuisances; 
also,  because  it  is  often  practically  impossible,  in  a  stream  a  mile  wide^ 
with  a  frequently-shifting  channel,  to  tell  to  which  one  of  two  opiK>site 
States  the  formation  would  belong. 

It  seems  to  me  that  these  various  considerations  should  receive  the 
attention  of  the  government  now,  while  the  interests  at  stake  are  com- 
paratively small.  The  rectification  of  the  Mississippi  River  will  give  an 
intrinsic  value  to  ownerships  which  are  now  but  little  more  than  leases. 
The  value  of  the  principal  product,  willows,  now  almost  nothing,  is  in- 
creasing, while  increase  of  the  population  must  necessarily  increase  the 
value  of  the  land.  To  leave  them  to  work  their  own  solution  in  the 
common  law  is  at  best  an  expensive  method,  and  judging  by  some  recent 
decisions  it  is  one  which  may  result  in  rendering  a  prosecution  of  the 
improvement  impracticable.  The  difficulty  can  be  solved  by  legislation 
declaring  the  bed  of  the  river  a  part  of  the  public  highway,  and  there- 
fore public  property,  and  defining  the  bed  to  be  all  ground  lying  below 
high-water  mark,  the  determination  of  the  exact  line  which  shall  be 
considered  high- water  mark  at  any  locality  being  left  to  the  executive.  It 
is  resi>ectfully  recommended  that  steps  be  taken  to  secure  such  legisla- 
tion. 
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DAMAGES  CAUSED  BY  THE  WORKS. 

Closely  relatetl  to  the  foregoing  is  the  question  of  damages  to  riparian 
owners,  caused  by  the  works  of  improvement.  Although  its  settlement 
may  not  be  within  the  reach  of  legislation,  its  present  discussion  will  be 
profitable  if  it  shall  be  found  that  the  government  can  properly  assume 
a  position  opposed  to  all  such  claims.  Having  taken  up  such  a  position, 
no  opportunity  should  hereafter  be  lost  to  obtain  and  record  evidence 
which  may  affect  it. 

Engineering  operations  upon  the  river,  though  they  will  eventually 
benefit  all  riparian  owners,  will  at  first  afifect  some  of  them  favorably 
and  some  unfavorably.  One  man's  property  will  be  washed  away,  while 
another's  will  receive  accretions.  One  water  front  will  become  inacessi- 
ble,  while  another  will  receive  the  main  channel.  These  changes  are 
constantly  occurring  in  the  course  of  nature,  and  are  submitted  to  now 
as  inevitable.  But  when  the  losses  can  be  charged  to  the  operations  of 
the  government,  the  sufferers  will  be  less  placid.  If  engineers  are  work- 
ing in  the  vicinity  the  changes  will  be  attributed  to  them,  whether  right- 
fully or  wrongfully,  and  claims  for  damages  are  to  be  expected. 

In  an  opinion  of  the  Attorney-General,  Mr.  Caleb  Gushing,  dated  Oc- 
tober 19,  1853,  it  is  shown  that  while  the  jurisdiction  and  ownership  of 
the  shores  and  bed  of  a  navigable  stream  are  vested  in  the  States  and 
not  in  the  Gnited  States,  "a  power  exists  in  the  Federal  Government — 
a  jus  majistaticum — for  the  conservation  of  the  public  rights  of  naviga- 
tion and  commerce,"  and  he  remarks  that  ^^  the  power  to  regulate  the 
use  of  the  shores  and  beds  of  navigable  waters,  so  that  the  lawful  pur- 
poses of  commerce  and  navigation  shall  not  be  hindered,  is  quite  dis- 
tinct from  the  right  of  eminent  domain." 

The  subject  under  discussion  by  him  was  the  power  of  the  United 
States  to  prevent  the  construction  by  man  of  a  nuisance  in  a  navigable 
water ;  but  it  seems  to  me  that  the  application  of  the  principles  laid  down 
may  be  extended  to  such  natural  but  temporary  nuisances  as  are  con- 
stantly being  constructed  by  a  silt-bearing  stream  like  the  Mississippi. 
Among  these  are  snags,  islands,  ^^  tow-heads,"  bars,  and  other  shoals. 
Indeed,  such  application  is  tacitly  recognized  by  the  appropriation  of 
money  for  the  removal  of  these  nuisances.  ^ 

But  the  government  is  liable  in  these  operations  to  be  considered  as 
acting  on  the  offensive  instead  of,  as  is  the  fact,  on  the  defensive.  The 
distinction  is  a  very  important  one,  when  the  claims  for  damages  by  ri- 
parian owners  are  under  consideration.  If  the  works  of  improvement 
are  works  of  conservancy,  and  are  planned  so  as  to  do  no  willful  and 
malicious  injury  to  an  individual,  there  can  be  no  valid  claim  lor  dam- 
ages. If  on  the  other  hand  a  new  state  of  affairs,  never  known  before, 
is  being  produced,  and  the  water  highway  is  really  being  made  better 
than  it  ever  was  before,  and  to  the  injury  of  a  riparian  owner,  as  in  a 
slackwater  improvement,  damages  may  proi)erly  be  claimed. 

The  shoals  in  the  Mississippi  ai*e  constantly  shifting  their  position,  and 
there  are  very  few  spots  now  occupied  by  them  where  there  has  not  been 
deep  water  within  a  recent  period.  It  is  pretty  well  established  that 
there  was  in  former  years  a  depth  of  water  throughout  the  navigable 
chaimel  at  the  lowest  stage  at  least  equal  to  what  we  shall  endeavor  to 
obtain  by  our  works.  It  would  of  course  be  impossible  to  show  that  the 
form  given  to  the  river  after  improvement  was  the  same  as  that  it  once 
had,  but  it  would  be  sufiicient  to  show  that  only  the  works  necessary  to 
remove  the  nuisance  and  to  keep  it  from  returning  had  been  constructed. 

It  is  a  fact  that  we  are  not  attempting  to  ifiake  an  unnavigaVA^  m^x 
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navigable,  nor  even  to  obtain  a  greater  dept^  at  any  given  x)oint  than 
often  naturally  exists  there.  Although  the  river  as  a  whole  may,  when 
the  work  is  completed,  be  in  better  condition  tiian  it  ever  was  before, 
and  the  character  of  the  stream  as  a  whole  is  thus  being  altered^  the 
SBlme  cannot  be  said  of  any  small  portion  of  it.  Considering  a  section 
bordering  upon  the  property  of  any  individual,  our  olgect  is  simply  to  re- 
store what  once  existed,  and  to  do  it  in  such  a  way  that  the  restoration 
shall  be  permanent  The  river  may,  for  this  purpose,  be  compared  to  a 
railroad  constmcted  originally  with  two  steep  slopes  in  its  outs.  Constant 
slides  obstruct  the  use  of  the  highway.  A  removal  of  the  obstructions 
and  a  correction  of  the  slopes  put  the  road  as  a  whole  in  better  condi- 
tion than  it  ever  was  before ;  yet  these  are  strictly  works  of  conservancy. 
There  is  no  doubt,  therefore,  in  my  mind,  that  all  works  of  improvement 
of  the  general  navigation  to  the  extent  of  obtaining  a  channel  depth  of 
10  or  12  feet  below  Saint  Louis  at  the  lowest  stage  may  be  properly  re- 
garded as  works  of  conservancy. 

This  view  of  the  matter  can  work  no  hardship  to  the  present  riparian 
owners.  As  before  intimated,  no  man  who  now  possesses  a  deep-water 
.front  can  count  upon  long  retaining  it;  nor  can  the  owner  of  land  be 
assured  of  any  period  during  which  the  river  will  leave  him  in  possession. 
He  holds  his  property  with  this  understanding,  and  it  is  valued  acoord- 
itagly. 

CONTRACT  SYSTEM. 

All  work  during  the  year  has  been  done  by  hired  labor  and  the  pur- 
chase of  material  in  open  market.  It  is  intended  to  continue  this  system 
during  the  coming  year,  as  the  work  here  cannot  be  done  by  contract 
without  injury  to  the  public  interest.  Both  systems  have  been  tried, 
and  the  contract  system  has  been  found  the  more  exx)ensive  of  the  two. 
(See  Annual  Report  of  the  Chief  of  Engineers  for  1877,  page  514.)  But 
a  consideration  of  still  greater  importance  is  that  the  present  system 
enables  us  to  make  advances  in  the  art  of  river  improvement  which 
would  not  be  practicable  under  the  contract  system.  The  plan  of  the 
improvement  is  one  thing;  the  method  of  eonstrucHon  is  another.  No 
change  is  contemplated  in  the  former.  It  is  the  plan  recommended  for 
rivers  of  this  character  by  every  engineer  of  repute  from  the  time  of  Frisi 
to  the  present  day.  It  is  in  brief  to  concentrate  all  the  waters  of  the 
river  in  a  single  water-way  of  moderate  width ;  that  is,  to  close  island 
chutes  and  contract  the  width  of  the  river  where  it  is  inordinately  great. 
It  is  the  plan  lately  recommended  by  the  Mississippi  Biver  Commission, 
and  there  is  no  presumption  in  saying  that  it  is  the  only  possible  plan 
by  which  the  navigation  can  be  improved.  But  the  methods  of  con- 
struction have  been  greatly  altered  and  improved.  Using  at  first,  in 
1873,  the  method  successfully  employed  upon  some  of  the  largest  Eu- 
ropean rivers,  we  have  by  successive  steps  developed  a  totally  different 
system,  as  is  shown  above  in  the  description  of  the  works  at  Horsetail. 
Eabh  step  forward  has  been  an  experiment,  and  to  this  the  contract 
system  would  have  been  directly  opposed.  The  present  method  is  con- 
sidered good,  but  it  cannot  be  asserted  that  no  further  advances  are  to 
be  made,  and  until  that  becomes  practically  the  case,  the  contract  sys- 
tem will  be  an  injury  to  the  interest  of  the  government. 

The  treacherous  foundations  of  the  Mississippi  render  it  necessary  that 
the  engineer  should  have  full  liberty  to  change  his  plans  whenever  nec- 
essary ;  the  varying  height  of  the  water  makes  it  essential  that  he  should 
be  able  to  push  his  work  or  to  slaken  it  according  to  circumstances ; 
and  the  superior  building  power  possessed  by  the  river  at  one  season 
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eottrpared  to  wh»t  it  poMesses  at  imotber,  renders  the  season  of  the 
yfMtt  nt  which  the  trork  shall  be  energetically  poshed  far  frCftn  a  m^tet* 
of  iitdiflferenoe.  The  engineer  in  charge  must,  tbeUBfofe,  have  tnVL  con- 
trol of  bis  works  and  all  their  details. 

To  place  their  execation  in  the  hands  of  a  contractor  wonld  almost 
C^Hninly  involve  failure.  Even  if  this  were  not  the  case  tbe  contract 
system  wonld  necessarily  increase  the  cost.  l%ere  are  serions  difficnl- 
ties  in  the  way  of  preparing  specifications.  All  estimates  are  necessa* 
rily  uncertain. 

As  the  conditions  change,  the  character  of  the  work  is  liable  to 
cbange.    If  the  water  becomes  suddenly  deep  a  different  form  of  con- 
flttnetion  is  iiBqnired  fW)m  what  would  be  used  if  it  remained  shallow.    A 
fliiifting  of  the  channel,  or  other  causes,  may  make  work  difficult  which 
promii^  to  be  easy,  and  vice  versa.    Knowing  these  risks,  responsible 
contractors  will  not  bid  without  a  wide  margin  of  profit.    The  result  is 
either  to  pay  a  high  price  for  the  work  or  to  throw  it  into  the  hands  of 
irresponsible  persons.    The  latter  would  probably  be  the  more  usual 
result,  and  it  would  in  the  end  be  far  the  more  costly.    The  forfeiture  of 
bonds  is  a  poor  return  for  the  damage  caused  by  the  loss  of  a  Working 
secfc«on  and  the  possible  necessity  of  preparing  new  plans,  involving  the 
removal  of  work  which,  in  competent  hands,  would  have  proved  bene- 
fic?i^,  but  which  has  become  an  obstruction  to  navigation.    It  may  be 
said  that  a  careful  scrutiny  of  the  business  reputation  of  bidtlers  will 
pir^vent  the  latter  evil.    The  answer  is  that  between  those  persons  who 
well  known  to  be  responsible  and  those  known  to  be  the  reverse 
is  a  wide  field  of  character,  containing  all  grades  of  honesty  and 
cJKfiacity,  and  that  many  bidders  may  be  found  to  whom  no  valid  objec- 
tioms  could  be  raised  in  advance,  but  who  would,  nevertheless,  hold  a 
powition  in  the  business  world  far  below  what  tne  work  on  this  river 
i^^quires.    And  it  should  be  borne  in  mind  that  the  field  is  open  to  all  of 
thi^-im.    The  character  of  the  work  is  totally  different  firom  that  being 
ex:^ute<l  by  any  private  individual  in  this  country.    If  a  bidder  could 
come  prepared  with  his  plant  and  with  experience  in  similar  work  else- 
where, there  would  be  a  fair  chance  of  his  shutting  off  many  of  those 
wiio  have  neither;  and  there  would  at  least  be  a  pretend;  for  awarding 
bim  the  contract,  even  when  lower  bids  had  been  received  from  others. 
3Tit  here  no  one  has  the  experience,  and  few,  if  any,  have  the  plant. 
W^itb  competition  under  these  circumstances  there  can  be  but  one  result, 
aK&f)  that  is  to  award  the  contract  to  the  person  who,  groping  his  way  in 
ibe  dark,  is  wiUing  to  take  the  greatest  pecuniary  risks  with  the  least 
yttifit  as  inducement.    It  is  not  reasonable  to  expect  that  that  person  will 
\y^  the  one  who  will  have  the  inclination  and  the  power  to  carry  out  his 
contract  at  any  and  all  costs  to  himself. 

APPROPRIATION   OF  JUNE  14,   1880. 

The  allotments  made  from  the  appropriation  of  June  14, 1880,  amount- 
ing to  $250,000,  were,  for— 

fi^airs  and  contingencies $10,000 

Lerels  and  topography 5,000 

Horsetail  Bar 150,000 

Cairo  protection 5, 000 

Located  by  Congress 20,000 

Total 190,000 

Which  leaves  a  balance  of  $60,000,  available  for  beginning  a  new 
w<Mrk. 
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The  two  worst  places  between  Saint  Louis  and  Cairo  are  in  the  vicin- 
ity of  Widow  Beard's  Island,  between  Carroll's  Island  and  the  mouth  of 
the  Meramec,  and  just  below  Kaskaskia  Bend.  The  least  depth  of 
water  found  last  autumn  at  the  former  was  4  feet  4  inches,  and  at  the 
latter  4  feet. 

The  changes  going  on  at  Kaskaskia  Bend  and  just  above  render  it 
impossible  to  foi^etell  what  the  shape  of  the  river  will  be  in  a  few  years 
from  this  time,  and  what  will  be  the  line  of  its  approach  to  any  works 
which  might  be  planned  for  the  improvement  of  the  locality  mentioned. 

Attention  will  therefore  be  turned  to  that  portion  of  the  river  lying 
between  Carroll's  Island  and  the  mouth  of  the  Meramec.  A  survey  of 
the  locality  will  be  undertaken  as  soon  as  the  river  has  fallen  to  a  suit- 
able stage,  and  a  plan  of  the  works  required,  with  an  estimate  of  their 
cost,  will  be  submitted  as  soon  afterwards  as  practicable. 

COMMERCE  TO  BE  BENEFITED. 

It  is  not  practicable  to  give  with  accuracy  the  amount  of  commerce 
that  will  be  benefited  by  the  completion  of  this  work.  The  statistics 
collected  by  Colonel  Simpson  in  1877  showed  that  the  value  of  the  com- 
merce which  actually  floated  upon  the  Mississippi  between  the  Illinois 
and  Ohio  rivers  was  then  $178,000,000,  exclusive  of  the  value  of  vessels. 
This  evidently  is  no  measure  of  the  commerce  to  be  benefited,  since  the 
rates  by  river  affect  the  rates  by  rail.  A  considerable  part  of  all  the 
commerce  of  the  Mississippi  Valley,  whether  by  land  or  water,  must  be 
benefited  by  the  improvement.  There  are  no  reliable  data  within  my 
reach  for  estimating  the  value  of  this  commerce.  It  has  been  estimated 
by  some  x)ersons  at  $5,000,000,000.  Much  of  this  is  independent  of  the 
river,  and  the  value  itself  may  be  too  high  or  too  low ;  but,  without 
claiming  any  approach  to  accuracy,  the  figures  serve  to  give  a  general 
idea  of  the  magnitude  of  the  interests  involved.  If  they  be  divided  by 
10,  a  value  of  $500,000,000  will  still  remain,  and  this  will  undoubtedly 
fall  below  the  truth. 

ESTIMATE  FOB  YEA^  ENDING  JUNE  30,   1882. 

It  has  been  shown  in  the  annual  reports  from  this  office  that  the  great 
difference  between  the  annual  estimates  and  the  amounts  appropriated 
would  result  in  very  much  overrunning  the  total  estimate  before  the 
work  is  completed ;  and  the  opinion  was  expressed  last  year  that,  with 
annual  appropriations  of  $200,000,  as  have  prevailed,  the  final  improve- 
ment would  cost  $20,000,000  instead  of  $7,684,000,  as  estimated,  and 
would  occupy  a  century.  Two  hundred  thousand  dollars  is  less  than  3 
per  cent,  of  the  total  estimate;  and  $250,000,  the  amount  of  the  appro- 
priation for  next  year,  is  about  3J  per  cent.  As  2  or  3  per  cent,  of  the 
total  cost  would  not  be  an  extravagant  estimate  for  keeping  the  works 
in  repair  after  they  were  once  wholly  completed,  it  is  evident  that  the 
time  and  the  cost  given  above  are  rather  imder  than  over  stated.  The 
estimate  of  $7,684,200  was  submitted  in  1876,  previously  to  which  time 
$725,000  had  been  appropriated,  leaving  $6,659,200  to  be  provided.  The 
annual  appropriations  since  that  date  have  varied  from  nothing  to 
$250,000.  There  is,  therefore,  reason  now  to  add  to  the  original  esti- 
mate, but  it  is  retained  for  the  present  with  the  hope  that  enlarged 
operations  and  improved  methods  will  render  it  possible  to  recover  the 
ground  lost.  There  remained  to  be  appropriated  on  the  30th  of  June, 
1880,  $6,039,600.    Leaving  out  of  account  the  immense  financial  advan- 
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tMges  to  the  government  and  the  public  which  will  result  annually  from 
secnriug  cheap  through  transportation  at  the  earliest  possible  monientj 
it  may  be  stated  that  the  work  will  be  acconii)lished  with  the  least  out- 
lay by  six  annual  appropriations  of  $1,0(H),000  each.    The  less  the  annual 
aj)])ropriation  the  greater  the  final  cost.    I  therefore  submit  an  estimate 
of  f  1,U0(),<>00  as  the  amount  that  can  be  advantageously  expended  dur- 
ing: the  year  ending  June  30,  1882.    And,  in  order  that  this  sum  may 
l>roduce  the  greatest  results,  it  is  of  the  highest  importance  that  it  should 
lie  apphed  exclusively  to  the  works  of  primary  importance  to  the  navi- 
l^tion  uiterest.    To  expend  any  considerable  portion  of  it  at  this  time 
in  the  protection  of  local  interests,  as  at  Alton,  Kaskaskia,  Cairo,  and 
similar  places,  must  evidently  be  injurious  to  the  interests  of  commerce. 
Jt    is  desirable  that  such  of  these  works  as  Congress  thinks  proper  to 
j>ro«ecate  at  this  time  should  be  provided  for  separately.    Separate  es- 
timates for  those  which  have  been  begun,  viz,  Kaskaskia  and  Cairo, 
have  been  given  under  their  respective  headings.    These  aggregate 
$10€,()0(>,  which  is  added  to  the  amount  required  for  the  navigation 
interest,  making  $1,100,(KK)  in  all.    It  is  proposed  to  em))loy  this  sum 
in  completing  the  works  now  progressing  and  those  to  be  begun  at  Piasa 
aa^  Widow  Beard's  islands,  and  in  beginning  works  near  Herculaneum, 
Platin  Rock,  Fish  Bend,  Fort  Chartres  Island,  Jones's  Point,  and  Hat 
Isla^nd,  of  which  detailed  estimates  cannot  be  given  in  advance  of  the 
survey  required  for  the  actual  beginning  of  each  work.     It  is  possible 
that  obstacles  may  be  developed  at  other  places  before  that  appropri- 
ation becomes  available,  which  may  be  worse  than  those  now  existing 
at  the  points  mentioned.    In  that  case  the  programme  given  would  be 
nioditied. 

In  submitting  this  estimate  attention  is  again  invited  to  the  fact  that 
the  forces  which  have  injured  the  navigation  of  this  portion  of  the  Mis- 
sissippi are  still  at  work.    It  cannot  be  stated  too  often  or  too  plainly 
tUat  the  navigability  of  the  river  is  in  danger.    The  question  involved 
is  not  simply  whether  better  navigation  shall  be  secured,  but  whether 
sucth  as  now  exists  shall  be  preserved.    The  works  required  to  accom- 
plish the  one  object  may  be  made  tx)  accomplish  the  other.    The  longer 
tbe  execution  of  them  is  postponed  the  more  there  will  be  to  do,  and,  as 
X^iove  stated,  the  slower  they  progress  the  more  they  will  cost. 

The  work  is  locatectin  the  collection  district  of  New  Orleans. 

Aiuonnt  of  re\'enue  collected  at  the  port  of  Saint  Louis  for  the  fiscal  vear  t-uding 
June  3(>,  l^'^O,  was  §1.170,009.57. 

Money  stateinenf, 

July  1,  1^79,  amount  available $^00,245  27 

Amount  receiWfl  for  fuel  sold  to  officers 30  00 

Amount  appropriated  by  act  ai»proved  Jnne  14,  1^*80 250, 000  00 

.*450, 275  27 

July  1,  I'^'^O,  amount  expended  during  fiscal  year: 

By  Col.  J.  II.  Simpson,  Corps  of  Engineers 127, 118  66 

By  Capt.  O.  U.  Enist,  Corps  of  Engineers '^S,  396  55 

July  1,  le>?0,  outstanding  liabilities 1,421  49 

166. 936  70 

July  1,  l^^K  amouDt  available 2h3,3:^  o7 

Amoaut  (ewtimated)  required  for  completion  of  existing  project 6,0:19,600  00 

Amount  that  can  be  profitably  expended  in  fiscal  vear  ending  June  30, 

18H2 .' ' 1,100,(X)0  00 

87   E 
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f'onstructioH  accounl. 


Xame  of  work. 


9i   • 


PisiAfl  Island  Dam 

Altou  Duni 

Sawyer  Bmrt  Protection  

Venice  Dikea 

Arsenal  iHland  Protection 

Closing  Cahokia  Chute 

Hoi^tall  Bar,  Dike  1 

ITorBctaJl  Bar,  Dike  2 

Horsetail  Bar,  Dike  3 

Horsetail  Bar,  Dike  4 

Horsetail  Bar,  Dike  5 

Hoi-setail  Bar,   Ti-aining  Wall 

Hurdles , 

Fort  Cbartres  Dam 

Turkey  Island 

Kaska'sklu  Protection 

Iiil>erty  Island  Dam 

Lil)eitv  Island  Protection 

Devil  Island,  Dike  1 

Devil  Island,  Dam  1 

Devil  Island,  Dam  2 

Cairo  Protection  


and 


$32,  333  30 

33,  623  92 

06,  803  63 

36,  341  8.T 

9,  673  »:* 

103, 149  89 

40,  .')49  .')3 

23,  6(M)  26 
H2,  <592  54 
41,290  11 
36,  933  87 

8.-1.241  21 

36,  812  86 

24,  46:^  8.'> 
35,437  86 

5,  053  91 
45,  129  40 
65,871  17 
49,  848  58 
16,  678  30 
85.  144  48 


Totals 986,674  37 


a  § 
'9  a 

lis 


$12,938  71 


8.%  143  39 


18,701  42 


28,  206  95 


144,  990  47 


1 

a 

1 

•-a 

• 

Od 

i    ! 

«- 

So 

^ 

-« 

%t 

»—       ( 

et 

5 

e 

c     !  . 

H 

H     > 

$:i2,  333  30 

$41, 210  73    ) 

33,  623  92 

40, 000  00 

96, 803  63 

142. 211  62  1   < 

.36,341  85 

40, 000  «»  1 

9,  673  85 

9,673  85  ... 

116,  088  60 

116, 088  60  ... 

40,  549  5:{ 

40,  549  53  ... 

23,600  26 

23.600  26  ... 

82,  692  54 

82,692  54  ... 

41,290  11 

41.290  11  ... 

36. 93:*  87 

:Mi,  933  87  ... 

170,  384  60 

320,  384  60  '  1 

36,812  86 

46.  .562  86  ! 

24. 463  85 

32,  565  46  i 

H139  28 

258,  i:*9  28  1  21 

5,  05:*  91 

5,  05.3  91  1 . . . 

45, 129  40 

45, 129  40  ... 

65,871  17 

) 

49,  848  58 

>  150, 000  00 

16,678  30 

) 

113,  .351  43 

172. 500  00 

1,131,664  84 

1, 644,  586  62  '  .*> 

Property  and  material  account. 


Cln«A  of  property. 


Balance 
July  1, 
1879. 


Dr. 


Cr. 


Bi 


$172  05 

1,  089  20 

4,347  44 

25,  880  01 

27,  710  52 

145  26 

General  expenses  of  pi-opeity t    21,437  09 

Mat«rial  and  ouarry  pri vilejjes 2, 912  23 

Tools  and  appliances 644  63 

Quart^^Ts.  shops,  &c : j      4,080  05 


Office  fumitnre 

Instruments  and  survej*  material 

Pile-drivers • 

Barges 

Two  tow-lxiata,  one  launch,  &c.,  and  expennes 

8mall  iKMits 


$112  00 

42  50 

950  28 

3, 623  46 

31,  302  70 

505  98 

1, 845  36 

73, 438  52 

3,  855  61 

4. 795  32 


$60  00 

75  00 

3,687  00 

9,434  23 

36,888  67 

250  00 

73,"  853*  26 
2,635  23 
1,380  00 


Totals 1    88,418  48  !  120,471  73     128,263  39 


Enginea'  Office^  United  States  Army,  in  aa^ount  with  the  United  States. 


To  appropriations,  allotments.  Arc,  ' 

prior  to  July  1, 1879 $1, 443, 226  80 

To  allotment  fi-om  appropriation  for 

examinations,  surveys,  Sec 2,  000  00 

To  appropriation  for  improvement  of 

Mississippi  River  between  Illinois 

and  Ohio  rivers,  approved  June  14. 

1880 2.')0.000  00 

To  appropriation  for  improvement  of 

Mississippi  River  at  or  near  Cap*- 

O  feiii'deau  and  Minton's  Point.  Mo. ,  i 

appi-oved  June  14.  1880 20, 000  00 

To  appropriati«m  for  ice  harbor  at 

Saint  I^ouis,  Mo.,  apimivcd  June 

14,  1880 50.000  00 

To  cash  for  fuel,  sold  to  officers 30  (M) 

To  unpaid  percentage OW  17 

To  liability  for  labor 521  32 


By  expenscH  of  office $ 

By  general  engineering 

By  surveys 1 

By  constructions ,     1, 1 

By  balance  on  account  of  pniperty , 

&c 

Bv  ca»h  on  liand  and  in  Treasury.         3 


♦  ) 


TotHl 1.7tM),678  29 


Total 


1.7 


APPENDIX   P.  1379 

A. 

REPORT  OF   MR.    D.   M.    CURRIE,    ASSISTANT  BNQINKER. 

Saint  Louis,  Mo.,  July  8,  1880. 

Captain  :  The  following  report  of  operations  for  the  improvement  of  the  MissiBsippi 
ver  at  Cahokia  Chnte  and  Horsetail  Bar  during  the  fiscal  year  ending  June  30, 1860, 
respectfully  submitted : 

cahokia  chute. 

rbe  dam  across  Cahokia  Chute  was  broken  on  or  about  August  30,  while  the  water 

M  approaching  the  low  stase.    The  breach  after  being  fully  developed  was  300  feet 

.de  with  24  feet  maximum  oepth.    Its  location  was  eastward  from  a  point  100  feet 

>m  Arsenal  Island. 

The  revetment  on  Arsenal  Island  below  the  dam  was  seriously  injured  by  the  strong 

rrent  pouring  through  the  breach,  which  eroded  the  bed  to  great  depths  and  under« 

ned  it.    The  dam  haid  settled  at  several  points  along  it^length  so  that  its  crest  pre* 

I  ted  an  uneven  surface  and  an  irregular  width. 

rhe  work  of  closing  the  breach  was  commenced  on  the  2d  and  completed  on  the  20tb 

September.     In  closing  this  breach  large  stone  was  used  to  break  nji  strong  currents 

d.  was  found  to  be  in  the  interest  of  economy.    A  considerable  saving  was  made  in 

)  amount  of  material  required  by  a  change  in  the  alignment,  deflecting  it  up  stream, 

that  the  hole  in  which  the  maximum  depth  was  found  extended  only  into  the  lower 

pe  instead  of  across  the  whole  base  of  the  dam,  as  it  would  have  done  had  the  dam 

311  reinstated  upon  its  original  line. 

^fter  closing  the  breach  the  crest  of  the  dam  was  dressed  to  an  even  surface  and  an 

u'ly  to  a  regular  width  as  practicable  at  moderate  expense.    Its  general  elevation 

.«3  left  9  feet  above  low-water  with  approaches  at  each  end  rising  by  gradual  slopes 

14  feet. 

L  mat  of  brush  was  placed  in  the  base  of  the  revetment  below  the  west  end  of  the 

m,  and  a  revetment  of  stone  was  extended  up  the  slope  of  the  bank  to  about  12  feet 

>ve  low-water.    The  bank  above  that  elevation  being  vertical,  or  nearly  so,  wan 

t  to  receive  a  slope  by  the  action  of  the  river  at  high  stages  before  being  revetted. 

of  these  repairs  were  completed  by  the  last  of  October. 
The  following  statement  shows  the  quantities  and  cost  of  material  expended : 

k56.77  cubic  yards  stone  placed  as  riprap $12, 280  6.5 

18.09  cords  brush 246  81 

Queering  and  contiugencies 411  25 

Total 12,938  71 

horsetail  bar. 

The  work  of  this  fiscal  year  at  Horsetail  Bar  was  in  continuation  of  the  construction 

the  training  wall,  and  the  hurdles  in  rear  of  it. 

>aring  the  two  years  immediately  preceding,  a  section  of  the  training  wall  woh 

lit  between  dikes  Nos.  3  and  4,  and  another  m>m  the  willow  bar  above  dike  No.  2 

^n  stream,  a  distance  of  5,950  feet,  leaving  a  gap  2,500  feet  long,  which  had  au 

»rage  depth  of  22  feet  with  the  stage  of  the  river  at  18  feet  above  low- water.    To 

se  tnat  gap  was  the  object  of  this  year's  work  on  the  training  wall. 

>n  the  map  of  Horsetail  Bar,  showing  progress  of  work  and  the  results  obtained, 

s  gap  is  shown  between  points  mark^  r  and  Q. 

>t  the  lines  of  hurdles  shown  on  this  map,  all  of  those  above  dike  No.  2,  and  the 

rd  one  below  the  dike,  were  built  last  year. 

The  progress  of  the  silting  up,  or  the  results  obtained,  may  be  seen  in  a  general 

y  by  comparing  the  soundings  which  are  shown  on  this  map,  after  being  reduced 

tlie  same  plane,  from  surveys  made  at  different  dates,  as  follows :  March  xS>  to  April 

1879;  January  26  to  28,  March  5,  9,  and  17,  and  June  29  and  30,  1880;  or,  better, 

comparing  profiles  made  from  soundings  wnich  will  be  introduced  in  the  details  of 

i  work. 

The  first-named  survey  extended  only  down  to  dike  No.  3.    At  that  time  there  was 

lole  below  dike  No.  3,  70  feet  deep  at  low  stages  of  the  river ;  while  below  dike  No. 

b  hole  is  shown  52  feet  deep.    Both  of  these  had  filled  considerably  before  the  opera^ 

»ns  of  this  fiscal  year  commenced,  the  former  to  about  50  feet,  and  the  latter  to 

feet. 

Tmining-tcall, — ^In  obe<lience  to  verbal  instructions,  estimates  of  the  probable  co-st 

elosing  the  gap  in  the  training-wall  were  submitted  September  9,  in  which  seven 
afferent  forms  of  construction  were  compared,  ranging  iu  solidity  between  a  solid 
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-wall  of  stone  placed  in  riprap  on  a  brash  foundation,  as  shown  in  estimate  No. 
a  permeable  structure  made  by  planting  feathers  upon  a  foundation  mattress, 
estimate  No.  7 ;  and  in  probable  cost  between  |100,000  for  the  structure  contempl 
in  estimate  No.  1,  to  $17,000  for  that  in  No.  7. 

The  form  proposed  in  estimate  No.  7  was  approved,  and  its  construction  proce 
with  in  obedience  to  instructions  received  per  letter,  of  which  the  following  is  a  c 

"  Engineer  Office,  United  States  Abmt, 

**  Saint  Louitf  Mo.f  Septen^fer  9,  187 

**  Sir  :  Your  letter  of  this  date,  submitting  estimates  of  cost  for  closing  the  ga_ 
the  training-wall  at  Horsetail  Bar,  using  various  forms  of  construction,  has  beenl 
ceived. 

''Your  design  numbered  7,  consisting  of  mattress  and  'feathers,'  promises  g-- 
results,  and  is  worthy  of  a  trial.    You  will  please  proceed  with  the  work,  using  t^ 
form  of  construction,  keeping  careful  notes  of  cost  and  results. 
'*  By  command  of  Colonel  Simpson,  and  in  his  absence. 
"  Very  respectfully, 

^  "O.  H.  Ernst. 

'*  Captain  of  Engineers. 

The  following  extract  from  the  letter  submitting  the  estimates,  describes  the  &»• 
tial  features  of  design  numbered  7  to  which  reference  is  made  in  the  foregoing  lett- 


n 


estimate  no.  7, 


•*  For  a  permeable  structure,  which  may  be  made  by  planting  a  sufficient  nunil 
of  ieathers  on  a  foundation  mattress  to  check  the  current  and  cause  depositn. 

*'A  feather  may  be  made  by  taking  two  saplings  as  long  as  can  be  obtained  c 
veuiently  and  nailing  smaller  saplings  or  brush  to  them  (see  diagram  3  a)  rh  close 
gether  as  may  be  practicable  throughout  their  entire- length,  and  then  it  may 
planted  on  the  mattress  while  afloat  by  anchoring  its  butt  end  to  the  bottom  grille 
and  attaching  it«  top  to  a  buoy.     The  buoys  may  be  boxes,  barrels,  or  booms  fomi 
of  dry  logs  or  driftwood." 

Other  details  were  given  which  may  be  omitted  here,  as  they  will  be  found  in  the  6^ 
fcjcription  of  the  work  actually  done. 

In  accordance  with  verbal  instructions,  suitable  floating  ways  for  construt;ting  an-_ 
launching  mattresses  in  place  were  prepared,  using  for  this  purpose  barge  No.  3,  whic, 
had  become  unserviceable  for  the  transportation  of  heavy  material.  To  p  epare  th*' 
barge  for  the  reception  of  the  ways  it  was  cut  in  halves  after  running  bulkheads  acros^ 
on  either  side  of  the  midship  section,  cutting  the  gunwales  away  to  give  the  proper  sloj>e 
to  the  ways,  and  firmly  connecting  the  parts  together  as  shown  in  Fig.  1. 

In  Fig.  1,  which  is  a  perspective  view  of  the  ways,  illustrating  their  form  of  cod 
stmction,  A  A  are  parts  of  the  barge  connected  together  by  the  beams  B  B.    The  ways 
a  a  tty  &.,  project  over  the  end  of  the  barge  to  ease  the  mattress  into  the  water,  and 
at  the  opposite  end  a  clear  space  was  left  on  the  barge  for  convenience  in  handling^ 
line's  and  material. 

The  ways  had  an  available  width  of  58  feet,  and  about  the  same  available  lenph 
was  all  that  could  be  obtained.  A  platform  was  suspended  from  the  beams  which 
supported  the  ways  over  the  space  between  the  parts  of  the  barge,  and  a  portion  of 
the  deck  was  left  off  the  barge  so  that  men  could  pass  under  the  mattress  while  coii- 
structing  it. 

These  preliminary  preparations  having  been  completed,  the  work  of  closing  the  gap 
wns  begun  at  the  upstream  end  September  27,  and  was  vigorously  prosecuted  firom 
that  date  to  I)ecember  15,  when  it  was  suspended  on  account  of  ice  running  in  the 
river.  It  was  resumed  January  12,  and  continued  until  the  close  of  the  fiscal  year 
with  a  greater  or  less  force,  accordLing  to  circumstances,  the  force  being  regulated  to 
some  extent  to  suit  the  varying  conditions  of  weather,  stage  of  river,  and  state  oi" 
available  funds. 

A  permeable  system  of  works  has  been  adhered  to  throughout  the  year.  The  fol- 
lowing forms  of  construction,  however,  have  been  tried  experimentally  :  The  mattress 
with  leathers  attached:  the  mattress,  with  Qurtains;  and,  without  the  mattress,  the 
open  curtain  and  the  closely  woven  curtain.  Each  of  these  presents  novelties  which 
may  make  a  special  description  interesting. 

Keferring  to  the  accompanying  tracings,  Fig.  2  is  a  perspective  view  of  the  form  oi 
construction  made  by  attaching  feathers  to  a  foundation  mattress  in  which  A  is  the 
mattress,  E  F  are  feathers  attached  to  it  by  flexible  connections,  o  oand  B  B  are  buoys 
supporting  the  tops  of  the  feathers  at  any  desired  height.  Fig.  3  is  an  end  view  of 
the  same,  and  Fig.  3  a  is  a  oross-section  of  a  feather. 

The  mattress  A  was  constructed  of  a  lower  series  of  poles,  a,  attached  to  the  longi- 
tudinal ties  C ;  above  the  poles  a  longitudinal  poles  6  were  laid  ;  above  these  two  tiem 
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•f  bnisli,  (i  and  e,  were  laid,  crosHing  each  other  as  shown;  and  above  these  a  series  of 
»oles,  h.     The  whole  was  bound  together  by  wires  or  small  lines  of  sisal,  manila,  or 
arred  rope  pjissiug  through  tbe  mattress  from  the  upper  to  the  lower  series  of  poles. 
Lines  of  sisal  rope  were,  tor  economical  reasons,  more  used  than  the  others,  though  all 
ivere  used  experimentally. 

The  ties  C  were  used  to  give  tenacity  and  strength  to  the  mattress,  and  to  facili- 
tate the  ease  with  which  it  could  be  moved  and  sunk  in  long  sections  or  continuously. 
To  serve  this  purpose  required  that  they  should  have  tenacity  and  strength  sufficient 
to  resist  the  force  presented  by  the  different  velocities,  depths,  and  directions  of  cur- 
rents, driftwood,  and  other  ddbris  incident  to  variable  stages  of  the  river,  together 
with  the  weight  of  the  ways  and  a  floating  section  of  mattress.  They  were  usually 
four  in  number,,  of  manila  rope  of  from  4  to  5  inches  in  circumferenc^e,  according  to 
the  forces  they  would  probably  have  to  resist. 

Lines  were  also  attached  to  the  mattress  transversely  "at  suitable  intervals,  to  be 
used  in  hauling  it  into  position  and  holding  it  there  while  being  sunk.  These  lines 
were  so  attached  that  they  could  be  removed  aft«r  the  mattress  was  placed.  This 
was  done  by  weighting  long  sections  of  the  foundation  mattress  with  stone  keeping 
always  a  short  section  afloat  to  keep  up  the  continuity.  Although  the  form  of  mat- 
tress herein  described  was  that  most  generally  used,  other  forms,  consisting  some  of  3 
tiers  of  brush,  and  some  of  only  1  tier  were  tried. 

The  feathers  were  attached  at  the  most  convenient  time  after  the  mattress  was  com- 
pleted, regaixlless  of  the  time  of  launching.  They  were  made  in  place  by  taking  two 
poles  selected  from  the  brush  of  larger  size,  having  a  length  about  equal  to  twice  the 
depth  of  water,  and  nailing  brush  to  them  as  shown  in  Figs.  2,  3,  and  3a.  Their  butt 
ends  were  attached  to  the  £)undation  mattress  by  means  of  small  lines  of  sisal  rope. 
These  lines  were  usually  about  f  inch  in  diameter.  Buoys  made  of  second-hand 
water-tight  barrels  were  attached  to  the  tops  of  the  feathers  by  means  of  lines  of 
small  sisal  rope. 

Although  the  feathers  made  and  attached,  as  shown  in  the  accompanying  tracings 
and  described  in  the  preceding  paragraph,  proved  to  be  an  excellent  device  for  the 
pnri»use  for  which  they  were  designed,  and  especially  well  adapted  for  use  in  strong 
cross-currents  on  account  of  their  freedom  to  swing  in  the  current  from  being  attached 
to  the  foundation  mattress  at  a  single  point,  as  a  consequence  presenting  a  minimum 
surface  to  the  action  of  the  curreut,  still  their  construction  proved  to  be  tedious  and 
the  progress  made  wa.^  slower  than  had  been  anticipated. 

£xiierimeiit«  were  therefore  made  with  other  devices  for  the  vertical  or  inclined 
ruemljer  in  order  to  find  some  form  equal  to  feathers  in  efficiency,  which  could  be  con- 
Jtractf'd  more  rapidly  and  at  less  cost.  These  experiments  were  successful  and  led  to 
fhe  snltstitntion  of  a  design  which  is  described  in  the  following  extract  from  a  letter 
imending  the  original  design  and  asking  authority  to  make  further  experiments,  whicq 

Nras  submitted  October  15. 

■*  *  •  #  #  •  #      . 

**  Design  for  a  mattress  to  protect  the  bottom  against  scour,  combined  with  apenneable 
uspended  component  to  check  the  current  and  cause  deposits  in  the  rear  of  it ;  said 
uspended  component  mav  be  composed  of  feathers,  weeds  or  curtains,  or  any  combi- 
lation  of  them,  and  should  be  attached  to  the  mattress  while  afloat.  The  mattress 
rheu  .-^unk  will  form  the  anchorage  for  the  suspended  component.  Feathers  were  de. 
aed  in  the  letter  to  which  this  refers.  Weeds  may  be  the  Brownlow  weed  or  any 
lodification  of  it.  Curtain,  as  used  here,  means  a  suspended  mattress,  and  may  be 
lade  in  any  of  the  usual  forms  having  any  desired  degree  of  flexibility  and  pemiea- 
ility,  and  either  in  sections  of  any  convenient  length  or  continuous.  An  edge  of  the 
[irtaiu  having  been  attached  to  the  mittre-ss,  the  opposite  edge  is  kept  afloat  by  one 
r  more  buoys.  •  The  curtain  and  mattress  maybe  constructed  together  by  sinking  one 
ide  of  the  mattress  aud  buoying  the  other.  In  that  case  flexibility  may  be  obtained 
y  severing  the  mattress  on  the  line  of  division  of  the  sunken  and  suspended  portions 
nd  connecting  the  parts  by  ropes,  wires,  or  other  suitable  means. 

**  The  sections  may  be  made  in  two  or  more  sections,  vertically,  inconvenient  lengths, 
ud  may  be  folded  on  the  mattress  for  convenience  in  making  and  placing  them,  or 
hey  may  be  made  to  roll  up  after  the  manner  of  Venetian  blinds. 

**The  mattress  may  be  made  in  sections  of  any  desired  length  or  continuous. 

**This  design  in  some  of  its  forms  is  applicable  to  the  improvement  of  silt-bearing 
treams,  as  dams  in  closing  chutes  or  other  branches  for  the  protection  of  caving  banks 
►elow  low-water,  for  contracting  channel  widths,  and  for  giving  direction  to  currents, 
,iid  it  may  be  used  in  either  shoal  or  deep  water." 

Authority  to  make  further  experiments  having  been  granted,  the  forms  of  construc- 
ion  shown  in  Figs.  4,  5,  6,  and  7  were  used  experimentally.  In  Fig.  4  is  shown  a 
perspective  view  of  mattress  A,  with  curtain  H,  folded  upon  it  on  the  ways  to  illus- 
ratf^  the   mode  of  construction.      The  curtains  were  usually  constructed,  however, 
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after  launching  the  mattress.    Fig.  5  is  a  perspective  view  of  the  mattress  and  curt 
after  being  placed. 

In  Fig.  b  an  end  view  is  shown  of  the  mattress  with  2  forms  curtains  H  and  H^ 
being  the  same  as  shown  in  Figs.  4  and  5,  except  that  one  section  is  left  off.  Yi^ 
shows  an  end  view  of  the  mattress  with  an  edge  supported  at  the  desired  height  to  fo 
the  inclined  member.  H  and  H  are  mattresses  made  in  the  usual  form  w^ith  one  or  t 
tiers  of  brush  as  was  desired  to  suit  the  wants  of  each  case.  They  were  jointed  s 
folded  on  the  foundation  mattress  for  convenience  in  handling  during  conslmcti 
H"  was  made  by  weaving  brush  on  a  warp  of  wire  or  sisal  ropes.  It  was  rolled  up 
the  foundation  mattress  during  construction  and  unrolled  itself  in  placing  it. 

The  forms  shown  in  Fig.  2  to  7,  inclusive,  were  used  prior  to  December  1,  and  in  h 
tion  from  the  upper  end  of  the  gap  down  stream  a  distance  about  1,5(K)  feet.  1 
foundation  mattress  was  built  in  two  sections,  one  extending  965  feet  and  the  ot) 
from  that  to  "the  lower  poin^  to  which  this  form  was  used.  A  section  of  mattress  w 
curt.aius  attached  went  adrift  during  a  storm  November  18,  and  another  section  ^ 
lost  December  1,  while  being  placed.  The  stage  of  the  river  at  that  time  was  ui 
vorable  for  placing  mattresses  in  long  sections  in  that  part  of  the  training  wall, 
bars  on  the  east  side  of  it  being  submerged  while  the  solid  portion  of  the  upper  i 
tion  of  the  wall  was  above  water,  which  caused  a  strong  current  to  set  eastward  aci 
that  part  of  the  wall  under  process  of  construction,  which  combined  with  the  iuipr* 
bility  of  having  continued  favorable  weather  after  the  1st  of  December,  made  it  ii 
pedient  to  continue  the  form  of  construction  that  had  been  used. 

The  construction  of  the  training  wall  was  continued  with  a  light  form  of  curtai 
compliance  with  instructions  contained  in  your  letter  dated  December  2,  of  which 
following  is  a  copy : 

^'  Engineer  Office,  United  States  Army. 

**  Saint  Louis f  Mo,y  Deveniher  2,  167 

*'  Sir  :  In  continuing  the  construction  of  the  training  wall  at  Hoi-setail  Bar,  you 

E lease  use  during  the  remainder  of  the  season  a  simple  open  work  curtain  without 
orizontaJ  mattress.  This  curtain  is  to  be  anchored  to  the  bottom  by  stones,  the  u] 
side  buoyed  as  before.  It  will  be  constructed  of  willow  brush  of  the  size  now  a 
and  it  will  consist  of  a  single  thickness,  the  pieces  being  placed  12"  apart  from  c« 
to  center,  thus  leaving  an  open  space  between  the  pieces  of  about  8  inches.  ' 
pieces  will  be  so  placed  that  they  will  occupy  a  vertical  position  when  anchored.  T 
will  be  bound  together  with  wire  as  verbally  explained  to  yon. 

''  You  are  requested  to  prepare  one  of  the  barges  for  attaching  the  anchors  and  1 
ping  them  all  together,  as  verbally  explained  to  you.    The  curtains  should  be  n 
in  lengths  as  gi*eat  as  practicable  to  sink  at  one  operation.     The  limit  will  ]>rob] 
be  about  the  length  of  the  anchoring  barge. 
**By  command  of  Colonel  Simpson. 
"  Very  respectfullv, 

"O.  H.  Ernst, 
^^  Captain  of  Engiuett 
*'Mr.  D.  M.  Curuie, 

^^Aasietunt  Engineer J'^ 

The  work  was  continued  with  a  single  line  of  tliis  open  curtain  until  interrupter 
ice,  December  15,  when  it  had  been  extended  to  the  upi)er  end  of  the  lower  sectio 
training-wall,  though  not  quite  to  the  portion  above  water. 

The  last  of  these  curtains  was  placed  December  13,  and  had  their  buoys  cut  oft'i 
after  by  ice,  which  commenced  running  heavily  two  days  later,  giving  them  ai 
sufficient  test. 

The  form  of  construction  described  in  the  foregoing  letter  and  U8ed/i*om  DeccL 
2  to  15,  is  shown  in  pei'spective  with  anchorage  attached  in  Fig.  8,  in  which  K  arc 
chors,  W  weights  of  stone  attached  to  the  lower  edge  of  the  curtain.  Pending 
preparation  of  a  barge,  the  curtain  was  constructed  upon  temporary  ways  erecto 
one  of  the  barges  by  placing  stage  plank  with  one  end  raised  upon  trestles,  w 
served  the  purpose  well,  except  that  the  length  was  limited  to  from  25  feet  to  30 
by  the  spaces  between  the  ho^-chain  braces. 

The  anchors  K,  shown  in  Fig.  8,  were  made  by  filling  with  stone  a  receptacle 
pared  by  taking  three  pieces  of  saplings  about  4  feet  long,  and  placing  them  iu 
base  in  the  form  of  an  equUateral  triangle,  with  sides  about  2  feet  long,  letting 
ends  of  the  saplings  project.  Having  bored  holes  through  the  intersections  and  mi 
points  of  the  sides,  these  hoop  poles  were  bent  and  an  end  of  each  passed  through 
holes  in  the  middle  points  of  the  sides  and  the  other  ends  passed  through  the  b 
through  the  opposite  intersection  bf  the  saplings,  and  all  were  fastened  in  place  \ 
wedges.  Then  wire  or  small  ro{>e  was  ^voven  on  the  poles,  forming  an  open  baskc 
receptacle,  with  meshes  small  enough  to  hold  stone,  the  bottom  being  of  rough  bo. 
or  saplings.  These  anchors  are  shown  in  horizontal,  vertical,  and  isometrical  pn 
tions  in  !•  igs.  e<<i,  86,  8c,  respectively.     They  contained  from  GOO  pounds  to  1,000  \\o\ 
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>f  ]$toDe.  They  were  used  tliroughoat  the  remainder  of  the  year  but  the  manner  of  at- 
taching waa  changed  from  that  shown  in  Fig.  8  to  that  shown  in  Fig.  9,  by  which  the 
weight8  attached  directly  to  the  lower  edge  of  the  curtain  were  replaced  by  anchors 
Jitrached  by  short  lines. 

Instructions  to  resume  work  on  the  training- wall  were  received  per  letter,  dated 
January  9.  The  scale  of  operations  contemplated,  and  the  form  of  construction  to  be 
Used  are  shown  in  the  following  extract  from  that  letter: 

**  Engineer  Office,  United  States  Army, 

*^ Saint  Louis f  Mo.j  January  9,  1880. 

*•  Sir  :  As  the  present  udld  weather  and  open  river  otfer  a  favorable  opportunity  to 
complete  the  closing  of  the  East  Channel  at  Horsetail  Bar,  which  was  interrupted  by 
ice  in  December,  you  will  please  make  arrangements  to  resume  operations  upon  a  small 
8cale  at  that  point. 

*  *  «  «  «  »  w 

**The  method  of  construction  will,  for  the  present,  be  the  same  as  that  last  used,  viz, 
a  lijiht  curtain  of  brush,  anchored  at  the  bottom  and  buoyed  at  the  top,  and  made  in 
•fUi^hs  as  great  as  practicable. 
**  By  command  of  Colonel  Simpson. 
* '  Verv  respectful ly, 

"O.  H.  Ernst, 
**  Captain  of  Engineers, 
"Mr.   D.  M.  CURRIR, 

^*AHsifitant  Engintxry 

Work  was  resume<l  January  12,  in  accord&nce  with  these  instructions. 

The  work  which  had  been  done  during  the  fall  seaKon  ha<l  stood  the  ice  that  had 
causeil  its  suspension  without  sustaining  any  very  serious  damages. 

A  few  >)noys  had  b<jen  cut  from  the  curtains  above  dike  No.  3,  leaving  a  small  gap 
tliere.  and  the  buoys  hail  been  cut  from  the  oi>en  curtains  that  were  placed  at  the  lower 
«*nd  of  the  gap  after  December  1.  On  the  remainder  of  the  wall  the  work  was  in  good 
CMuditiou. 

The  first  work  after  resumption  was  to  repair  the  damages  to  the  open  curtains  by 
«!ommencing  at  the  up-stream  end  of  the  space,  which  had  been  tilled  with  them,  and 
retilling  that  space  with  curtains  made  in  the  same  form,  except  that  the  barge  meu- 
tiune<l  in  the  letter  date^l  December  2,  having  been  completed  the  length  of  the  cur- 
tains, was  increased  to  96  feet. 

After  tilling  this  lower  space  with  curtains,  another  line  of  them  was  place<l,  com- 
mencing at  the  upT)er  end  of  the  gap  above  dike  Xo.  3,  and  extending  to  the  lower 
♦•iid  of  the  work,  thus  doubly  covering  the  lower  space  with  open  curtains.  Still  the 
water  passed  through  with  too  great  velocity  to  admit  of  much  deposit.  This  was 
Temedied,  in  part,  by  reducing  the  spaces  between  the  poles  or  pieces  of  brush,  and 
>«till  more  by  placing  another  series  of  poles  in  the  spaces  between  the  poles  of  the. 
Iir8t  series,  attaching  them  by  wires  to  tlie  lirst. 

The  current  still  passing  through  with  too  great  velocity,  another  form  made  by 
weaving  brush  on  poles  was  used,  m  accoi^dance  with  verbal  instructions.  This  form 
had  been  designed  during  the  fall  season,  and  was  submitted  with  the  report  of  opera- 
tions, for  the  first  half  year,  as  a  suitable  deviC'O  to  be  used  in  deep  water,  and  in 
lines  of  hurdles  or  transverse  lines.  This  form,  together  with  barge  and  with  anchors 
attached,  is  shown  in  perspective  in  Fig.  9,  in  which  H  is  curtain,  with  joint  h. 

The  brush,  or  smaller  poles  fc,  are  woven  or  wattled  on  the  larger  poles  a.  The 
anchors  K  are  resting  upon  a  ])latform  P,  which  is  hinged  to  the  side  of  the  barge, 
and  is  raised  by  means  of  chains  n  attached  to  the  shaft  S,  having  a  winch  at  each  end, 
the  dogs  of  which  are  connected  by  an  iron  rod,  so  that  both  may  be  tripped  simulta- 
neously by  pulling  a  lever.  The  Joint  h  was  used  chiefly  to  gain  width  for  use  in  deep 
water,*butit  alno  mcreavsed  flexibility,  and  that  may  l>e  the  more  valuable  advantage. 

With  time,  the  bucjys  which  had  withstood  tbe  winter^s  ice,  became  unserviceable 
from  various  causes;  such  as  being  tilled  under  pressure  constantly  applied  during 
long  intervals  of  time,  rotting  otlinas,  blows  received  from  drift-wood  and  other 
^/6n«,  so  that  it  became  necessary  to  place  another  line  of  curtains  on  the  whole 
length  of  the  gap.  This  w^as  done,  commencing  at  the  upper  end  of  the  gap  April  1.5, 
and  reaching  the  lower  end  June  2,  after  which  a  small  working  party  kept  the  works 
in  repair  until  the  close  of  the  fiscal  year.  The  close  curtain  shown  in  Fig.  9  was 
nsed  in  this  line,  except  that  the  brush  having  l>een  procured  without  the  construc- 
tion of  that  form  in  view,  some  of  it  was  too  stiff  to  be  used  in  that  way,  and  to 
utilize  all  of  the  material  on  hand,  the  use  of  the  wired  curtain  was  continued,  making 
them  close  by  making  the  meshes  small,  and  by  attaching  an  extra  series  of  poles. 

Of  the  lines  of  hurdles  shown  in  rear  of  the  training  wall  (see  map)  19  were  built 
during  the  fiscal  year.  They  are  those  below  dike  No.  2,  with  the  exception  of  the 
3d  from  that  dike,  which  was  built  before  those  between  it  and  the  dike,  because  the 
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water  there  was  very  deep  at  that  time,  52  feet  having  been  found  in  that  vicinitj, 
with  the  river  at  12  feet  stage  on  the  Walnut  street  gauge,  Saint  Louis. 

On  resuming  work  on  hurdles  September  17,  of  this  fiscal  year,  this  line  was  found 
to  have  been  somewhat  damaged  and  was  repaired. 

The  order  of  construction  of  the  lines  for  this  fiscal  year  was  Nos.  11,  12,  13, 14, 18, 19, 
completed  during  the  first  half  of  the  year,  while  piles  were  driven  for  lines  Nos.  In, 
16,  17.  Lines  numbered  11,  12,  18,  14  were  broken  during  the  winter  on  the  shoal- 
water,  near  the  edge  of  the  sand-bar.  These  were  repaired,  and  the  lines  below  to 
dike  No.  4  were  constructed  during  the  second  half  year. 

During  the  high- water  in  April,  lines  Nos.  11  to  23  were  broken  and  were  repaired. 

The  aggregate  length  of  hurdles  constructed  during  the  year  is  32,000  feet,  mclnci- 
ing  the  reconstruction  of  broken  portions  of  lines.    The  dates  at  which  lines  vere 
constructed  are  shown  on  the  map  ;  the  first  in  order  of  time  showing  completioBO^ 
construction,  and  the  others  that  of  repairs. 

Two  forms  of  construction  were  used.     The  first  was  the  same  as  that  used  dui^^^ 
the  fiscal  year  ending  June  30, 1879,  in  which  the  horizontal  rods  were  wattled  direc^^^. 
upon  thepiles,  and  the  voids  were  filled  with  brush  pla<;ed  vertically.     Horizovvt^^ 
rods  were  pushed  to  the  bottom  in  water  25  feet  deep,  by  means  of  the  hurdling  fotU^* 
The  other  form  was  made  by  wattling  the  brush  on  poles  selected  from  the  \i^^%^^ 
brush.    This  form  was  placed  by  attaching  the  upper  edge  to  the  piles  and  weiglr*^^^^^ 
the  lower  edge  with  stone.    It  was  designed  and  submitted  with  report  of  opera^ 
for  the  first  half  of  the  fiscal  year,  a«  a  suitable  form  of  construction,  to  be  us 


lieu  of  hurdles,  where  the  depths  of  water  are  so  great  that  horizontal  rode  cann 
pushed  to  the  bottom.  In  Figs.  10  and  10a,  respectively,  are  shown  a  horizontal 
view  and  a  cross-section.  The  advantages  claimed  for  it  were  that  the  spaces  l>et 
the  piles  eould  be  increased  to  from  12  to  15  feet,  and  that  in  water  too  deep  for  pi 
the  upper  edge  could  be  supported  by  buoys.  More  important  claims  may  be  ac 
that  if  attached  loosely  to  the  piles,  it  will  sink  into  any  scour  that  may  occur, 
that  it  will  exert  no  buoyant  eflort  to  raise  the  piles  out  of  their  places. 

In  the  accompanying  profiles,  the  dotted  free-hand  lines  show  the  bottom  atr^ 
datos  of  the  surveys  made  in  the  spring  of  1879,  from  March  25  to  April  4,  an 
broken  Lines  show  the  bottom  from  surveys  of  January  and  March,  1880.     The 
hand  lines  show  the  bottom  at  the  close  of  the  fiscal  year.    The  planes  of  low-w 
and  of  15-foot  stage,  or  the  heights  to  which  the  horizontal  rods  of  the  hurdles 
extended,  are  shown. 

The  sections  were  made  from  soundings  obtained  from  the  surveys  named,  and  t 
lines  selected  away  ft'om  the  hurdles  because  the  average  progress  of  the  silting  ui 
correctly  shown  there,  while  the  hurdles  cause  disturbances  in  their  immediate  viciu 

The  following  statement  shows  quantities  and  cost  of  material  expended — 

1.  Train ing- wall : 

a.  2,300  linear  feet  mattress,  with  curtains,  &c.,  expended  con- 
structing and  repairing  1,500  feet  of  wall,  in  which  were  used — 

1,431.67  cubic  yards  stone $1,030  60 

1,375  cords  bnish 1,111  92 

Labor,  rope,  &c 5,352  48 


rear 
ei'U 

ing, 
de<l, 
and 


no 


Transportation,  equipment,  tools,  &c 


i ,  495 
2.759 


h,  18,700  linear  feet  curtain,  expended  constructing  1,000  feet, 
and  repairing  2,500  feet  of  training- wall,  in  which  were  used — 

869.89  cubic  yards  stone 486  94 

2,384.85  cords  brush 1, 614  10 

2:^  piles  driven HO  35 

Labor,  rope,  wire,  SuC 17, 278  65 


19,  A\H)  0 


Transportation,  equipment,  tools,  Ac 7,  44"*  2 


2.  Hurdles : 

32,000  linear  feet  constructed,  in  which  were  used— 

100  cubic  yards  stone 55  00 

4,697.37  cords  brush 3,.508  S3 

3,671  piles  driven 12.824  3H 

Labor,  yarn,  rope,  «fcc 12, 80b  38 


29. 196  59 


Transportation,  equipment,  tools,  A: c 14, 060  1>5 

Engineering,  contingencies,  &c 4, 723  4^^ 

Total 85,143  :59 
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be  foniis  of  constrnction  tliat  were  actually  used  during  tlic  year  have  been 
.  Still  the  study  of  some  of  the  practical  difflcultieH  has  led  to  designs  which 
e  valuable  during  the  future  progress  of  the  work  here  or  at  other  places, 
submitted  with  that  hope,  and  with  the  conviction  that  the  permeable  sys- 
jisfs  success  to  an  extent  which  entitles  it  to  a  full  and  impartial  trial, 
9  of  the  specific  form  of  construction  which  may,  in  the  end,  prove  most 

ws  of  a  section  of  mattress,  with  curtains  attached,  December  1,  while  it  wa^ 
iced  in  deep  water,  having  a  strong  current  crossing  the  line  of  the  wall  at 
not  less  than  45  degrees,  was  certainly  not  calculated  to  inspire  confidence 
icticability  of  placing  continuous  mattresses,  with  curtains  attached,  under 
iitions.  The  following  solution  of  that  problem  secures  the  practical  advan- 
jontinuity  without  incurring  any  great  risk  of  loss. 

indaticm  nuittress  may  be  loaded  to  a  greater  density  than  that  of  water  by 
tone  or  other  suitable  material  between  the  courses  of  brush  during  the  process 
nction,  and  before  launching  make  ropes  fast  to  it  at  any  greater  distance 
depth  of  water  from  the  down-stream  end,  and  lay  oflT  on  the  ropes  a  distanc(* 
that  from  the  point  at  which  they  are  made  fast  to  the  down-stream  end  of 
ress.  Having  completed  the  section  of  mats  and  curtains,  launch  and  sink 
iml  way,  abiding  sufficient  weight  to  the  top  course  of  brush  to  se^jure  the 
place.  Commence  constructing  the  next  section  of  mat  at  the  points  marked 
pes  attached  to  the  sunken  mats  so  that  when  the  new  section  is  placed  it 

that  previously  placed,  securing  the  advantages  due  to  continuity  without 
ring  the  practical  difficulties  that  may  be  expected  in  placing  continuons 
trong  transverse  currents  and  deep  water,  with  unfavorable  weather  or  varia- 
8  of  the  river,  with  its  drift-wood  or  floating  ice.  In  deep,  turbulent  water,  if 
in  were  continuous  or  jointed  in  all  imaginable  directions,  and  under  such  con- 
t  would  not  be  practicable  to  bring  an  equal  strain  upon  all  the  connections 
inchorageortodetenninein  advance  the  strain  which  any  of  the  connections 
»ve  to  bear  at  times.  The  problem  would  be  greatly  simplified  by  breaking 
nuity  of  the  curtain  in  vertical  section  as  shown  in  Fig.  11,  which  is  an  end 
:he  mattress,  with  curtains  attached. 

practical  difficulties  harve  been  encountered,  which  are  chiefly  dne  to  the  pe- 
nditions  presented  at  Horsetail  Bar,  which  may  lead  to  an  essential  modifica- 
he  design  to  adapt  it  to  these  conditions.  These  conditions  arise  from  the 
ion  of  tiie  clear  water  of  the  Upper  Mississippi  River,  which  maintains  itself 
rom  that  of  the  muddy  Missouri  whenever  higher  stages  prevail  in  that  river, 
5  it  only  an  intermittent  silt-bearer. 

a  is  available  upon  which  an  estimate  can  ba  based  to  determine  approxi- 
I  what  portion  of  the  year  such  conditions  might  be  expected  to  exist.  It 
,  however,  that  since  these  works  have  been  in  progress  such  conditions  have 
I  the  greater  portion  of  the  time.  The  effect  of  this  is  to  lengthen  the  time 
to  secure  deposits  and  to  increase  the  possibilities  that  works,  though  suit- 
continuous  silt-bearing  rivers,  may  be  destroyed  or  injured  to  such  an  extent 
ier  them  inefficient  before  they  accomplish  their  work. 
.^n8  of  construction  used  during  the  year  were  designed  to  accomplish  their 

a  single  season,  and  were  not  prepared  with  a  view  to  have  them  with- 
avy  blocks  of  ice  or  drift-wood  running  continually,  nor  is  it  probable  that 
omical  design  can  be  found  that  will  resist  these  destructive  agents  indefi- 

loys  are  the  parts  of  these  works  most  liable  to  destniction  both  on  account 
exiK>sed  position  while  floating  on  the  surface  and  their  tendency  to  become 
5ged  when  submerged.  It  is  not  practicable  to  construct  a  buoy  at  any  eco- 
cost  that  will  withstand  heavy  ice  or  drift-wood,  nor  has  any  satisfactory 
nbinerged  buoy  been  discovered,  kee])iiig  economy  of  cost  in  view, 
empt  to  dvcide  at  this  time  whether  the  conditions  named  habitually  exist  at 
I  Bar  would  be  premature.  A  series  of  observations  conducted  through  a  long 
'  time  would  be  necessary  to  obtain  the  facts,  and  they,  when  collected,  would 
le  question  whether  afonu  of  construction  designed  to  resist  these  destructive 
r  which  would  be  less  exposed  to  their  action  even  at  a  small  advance  in  first 
lid  not  be  more  economical  in  the  end. 

bject  was  studied  with  a  view  to  prepare  to  meet  an  emergencv  which  the 
iuued  clear  water  at  this  locality  suggested  might  arise,  and  the  results  of 
ly  are  submitted  with  the  belief  that  whether  or  not  it  shtmld  become  desira- 
ange  the  form  at  Horsetail  Bar,  they  are  suitable  forms  for  works  wherever 
tions  named  ju'evail. 

following  designs  the  buoyshave  been  dispensi'd  with,  and  the  vertical  mem- 
uade  scH'-«uppurting  by  placing  successive  cours4^s  of  grillages  or  open  net- 
Th  of  brush,  cane,  or  orh^r  suitable  material  asshown  incroH.s-8cctjon,  Fig.  1*2. 
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lu  thi»  section  the  grillages  are  showu  without  any  foimdatiou  mattress,  and  this  fonu 
would  be  suitable  wherever  there  was  no  tendency  to  scour  the  bottom. 

When  so  used  they  could  be  placed  by  attaching  weights  in  any  suitable  mauuer ; 
for  instance,  several  grilliiges  could  be  bound  and  a  flooring  made  to  hold  the  weight- 
ing material  as  shoTiii. 

lu  Fig.  i;J  the  grillages  are  shown  attached  to  a  foundation  mattress  wliich  serves 
the  double  purpose  of  anchorage  to  the  grillages  and  protection  to  the  bottom.  The 
grillages  are  shown  here  bound  to  each  other  aud  to  the  foundation  mattress  by  watt- 
ling the  poles  of  w^hich  they  are  composed  on"  other  poles  suitably  attached  to  the 
mattress.  This  is  only  intended  to  show  one  of  the  many  ways  in  which  the  attach- 
ment can  be  made. 

In  Fig.  14  is  shown  a  permeable  screen  through  which  the  water  may  be  made  to 
]>ass  in  a  finely  divided  state  if  the  grillages  should  be  too  open^  and  the  whole  in 
shown  as  built  upon  two  lines  of  piles.  This  form  would  be  suitable  wherever  the 
depths  are  not  very  great.  The  distances  between  piles  should  be  regulated  to  suit 
the  necessities  of  each  case. 

All  of  tlie  forms  composed  of  grillages  are  especially  suitable  for  the  base  of  works 
or  that  portion  below  the  plane  of  ordinary  low- water. 

The  material  used  in  constructing  any  of  the  forms  should  be  homogeneous,  or  at 
least  should  i>ossess  e<iual  lasting  qualities  in  the  positions  they  reBpectively  occupy. 
With  this  in  view  experiments  were  made  with  hoo^polesof  white  oak  and  hickory 
woods  as  fastenings  of  curtains  to  their  anchorages  or  joining  sections  of  curtaiiLS 
together.  These  experiments  show  conclusively  Ynat  selected  poles,  free  from  knots 
or  other  defects,  would  be  suitable  means  of  attaching  curtains,  feathers,  or  other  de- 
vices to  their  anchorages  joining  sections  of  said  devices,  aiid  that  pins  or  ^^^rrubs'* 
of  the  same  woods  woiild  be  suitable  means  of  binding  mattresses  or  open  grillages 
together. 

Two  other  important  considerations  should  receive  attention  in  designing  works  to 
improve  silt-bearing  rivers,  by  securing  a  deposit  of  a  portion  of  their  sediment.     These 
are  the  degree  of  permeability  and  the  height  that  should  be  given  works  in  <Atler 
to  secure  the  best  results.    The  degree  of  permeability  which  promises  the  best  result 
is  that  which  permits  the  water  to  pass  through  with  such  small  velocity  that  vortices 
having  transporting  energy  will  not  be  fonued,  and  at  the  same  time  sumcient  to  keep 
up  the  circulation  and  convey  awaj'  the  water  which  has  deposited  its  load  of  sedi- 
ment.   This  degree  of  permeability  is  indicated  by  an  oily  or  glas^  appearance  of  the 
surface  flowing  smoothly  without  boils  or  whirls.    The  heigiit  tnat  would  be  mmt 
efiective  would  be  above  the  stages  from  which  deposits  are  expected  to  be  obtained, 
for  while  the  works  are  submerge<l  there  is  a  stratum  of  water  above  them  having  a 
free  flow  while  that  below  is  obstructed ;  in  other  words  a  greater  velocity  super- 
posed upon  a  less,  which  would  tend  to  form  vortices,  and,  if  the  difference  between  the 
two  velocities  is  ^eat,  vortices  may  be  formed  having  energy  sufficient  to  scour  in 
the  immediate  vicinity.    This  effect  may  be  seen  well  defined  in  a  thin  sheet  of 
water  pouring  over  a  weir.     It  is  difficult  to  secure  deposits  immediately  behind  solid 
works  which  are  submerged  only  at  mean  and  hi^h  stages  on  account  of  the  scour 
produced  by  vortices  generated  by  the  water  pouring  over  them.    The  effect  of  per- 
meable works  diffV3rs  from  that  of  solid  in  degree  only.     If  the  velocity  could  be 
checked  so  that  on  entering  the  lower  pool  it  would  not  differ  greatly  from  that  of 
the  pool,  vortices  paving  scouring  energy  would  not  be  generated  and  deposits  would 
be  secured  close  to  the  work  as  well  as  further  away.     In  permeable  works  thii»  i^ 
done  while  the  works  are  not  submerged. 

Willows  were  planted  on  the  bar  in  rear  of  the  training-wall,  in  compliance  wirh 
instructions  per  letter,  of  which  the  following  is  a  copy : 

"Engineer  Office,  United  States  Army, 

'<  Saint  Lows,  Mo,,  February  33,  1880. 

"Sir:  With  a  view  to  ascertaining  the  best  season  and  the  best  level  at  which  to 
plant  willow  cuttings  upon  the  soil  reclaimed  from  the  river,  yon  will  please  niaW* 
some  experimental  plantations  at  the  first  of  each  month  during  the  coming  w^asf^^^^ 
beginning  on  the  Ist  of  March. 

"The  cuttings  used  for  the  purpose  will  be  fresh  cuttings,  3  feet  long  and  of  a'^r*? 
size,  from  ^  to  4  inches  in  diameter,  the  growth  of  last  year,  however,  being  coii?^^  ^' 
ered  the  best.     They  will  be  sharpened  at  one  end  and  thrust  into  the  ground  t^^     * 
depth  of  12  to  18  inches.     They  will  be  planted  in  groups  of  10  each,  in  quincunx  or^  ^^^ 
the  distance  l>etween  them  being  3  feet. 

"A  group  will  be  planted  at  the  level  14  feet  above  low-water,  one  at  15  feet 
low-water,  one  at  16  feet,  &c.,  up  to  25  feet,  making  twelve  groups  each  month.    T1-* 
levels  are  to  be  ascertained  instmmentally. 

"The  groups  for  each  month  will  be  arranged  upon  a  straight  line,  at  a  sufficient 
tauce  from  the  other  plantings  to  prevent  any  difficulty  in  identifying  them, 
positions  and  dates  of  the  plantings  will  be  recorded  upon  a  sketch  of  the  ground  — 
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''You  will  please  keep  such  notes  upou  these  plantations  as  will  enable  you  to  make 
ft  full  report  upon  the  subject  at  the  eurl  of  the  season, 
"fiy  command  of  Colonel  Simpson. 
a  Very  respectfully, 

"O.  H.  Ernst, 
'•Mr.  D.  M.  CURRIE,  *•  Captain  of  Emjimers. 

^^A98vstnnt  Engineer. ^^ 

The  groups  were  planted  as  nearly'in  accordance  with  the  instructions,  both  in  time 
and  in  order,  as  was  practical.  They  w^ere  delayed  on  account  of  the  rush  of  other 
matters  incident  to  the  work  about  the  iii'st  of  each  month. 

The  contours  of  the  ground  rendered  it  impracticable  to  maintain  strictly  all  the 
conditions  required  by  the  foregoing  instructions — groups  of  10  at  each  foot  of  eleva- 
tion, in  quincunx  order  and  in  straight  lines.  The  groups  of  10  could  be  planted  in 
quincunx  order  only  at  elevations  17  and  18  feet  above  low- water,  these  being  the  ele- 
vations of  the  crest  of  the  bar.  The  higher  elevations  were  found  only  on  the  steep 
slope  of  the  bank  at  the  main  shore,  and  the  lower  where  the  bar  slopes  rapidly. 

After  careful  examination,  a  location  was  iinally  selected  between  hui^les,  lines 
numbered  11  and  12,  and  a  line  was  fixed  by  stakes  40  feet  north  of  and  parallel  with 
lineNo.  12,  as  the  center  line  of  the  groups  planted  March  9.  These  were  small  cuttings  in 
groups  of  10  at  each  foot  of  elevation,  from  14  to  25  feet  above  low-water.  Those  planted 
at  elevations  iix>m  Iti  to  25  feet  were  on  the  slope  of  the  main  shore,  and  extended  50 
feet  from  a  large  stake  set  near  the  edge  of  the  bank.  The  other  groiips  were  planted 
on  the  bar  between  distances  500  and  560  feet  from  the  stake  mentioned.  ^\  ith  the 
exceptions  named,  the  cuttings  in  each  group  were  planted  on  the  same  elevation, 
instmmentally  determined. 

The  next  groups  were  planted  April  9,  on  a  line  12  feet  north  of  and  parallel  with 
those  planted  in  March,  and  in  elevation  at  each  foot  between  15  and  25  feet  above 
low-water,  the  plane  of  14  feet  being  submerged  at  that  time.  Three  sets  of  groups 
were  planted  at  this  time,  one  of  small  euttings  thrust  into  thd  groimd,  one  ot  small 
vuttinffs  buried  iu  trenches  15  inches  deep,  with  the  tops  turned  up^  and  one  of  pieces 
'i  feet  Ions  by  from  3  to  4  inches  iu  diameter,  freshly  cut  and  set  in  holes  14  inches 
deep  bored  with  a  post-auger.     These  groups  cover  a  space  about  36  feet  wide. 

On  the  lllh  of  May  three  sets  of  groups  were  planted  as  in  April,  between  eleva- 
tions 18  and  25  feet.  '  These  are  located  north  of  the  April  plantings. 

The  next  and  last  set  of  groups  were  planted  June  8,  adjoining  those  planted  in 
May  on  the  north  and  at  eacn  foot  of  elevation  between  19  and  25  feet. 

Of  these  plantations  all  those  planted  in  March  lived,  while  of  those  planted  in 
April  only  the  larger  pieces  and  the  cuttings  planted  below  18  feet  elevation  took 
:Toot.  The  May  and  June  plantations  all  dried  except  a  few  of  the  larger  pieces. 
'When  planted,  after  the  rise  of  the  sap  the  larger  pieces  seem  to  prosper  better  for  a 
iime  than  the  small  cuttings,  but  saplings  from  which  these  pieces  ware  obtained 
^'ould  live  for  some  time  after  being  cut  if  only  protected  from  the  direct  rays  of  the 
0an.  Nothing  can  be  positively  asserted  in  relation  to  their  prospects  for  future 
growth.  • 

On  the  map  of  Horsetail  Bar  made  under  your  direction  to  show  progress  of  work 
/rom  surveys  made  by  Mr.  Preston  C.  F.  West,  assistant  engineer,  and  to  which  ref- 
erence haa  been  frequent  in  this  report,  the  locations  of  these  groups  of  willows  may 
l>e  fieen. 

Receivers  of  material,  Mr.  William  S.  Mitchell  and  Mr.  C.  D.  Lamb,  who  were  resi>ect- 
iv-^ly  connected  with  the  work  during  the  first  and  second  halves  or  the  fiscal  year  are 
«xit:itled  to  more  than  a  passing  notice  for  faithful  and  intelligent  service  rendered  in 
ko^ping  records  of  labor  and  material  expended,  and  asHisting  in  the  details  of  the 
acl.  cninistration  of  the  work. 

Very  respectfully,  your  obedient  ser\^ant, 

D.   M.   CURRIE, 
C^apt.  O.  H.  Ernst,  jHsistant  Engineer, 

t'wpn  of  Engineers,  r.  6'.  A, 


B 

REPORT  OF   MR.    CHARLES   S.    TRUE,  ASSISTANT  ENGINEER, 

Saint  Loris,  Mo.,  January  12,  1880. 

^^JGexeral:  The  following  report  of  work  done  at  Cairo  Protection  and  Kaskaskia 
*^^tection  during  the  half  vear  from  July  1,  to  December  31,  1879,  is  respectfully 
^^bmitted: 

CAIRO  PROTECTION. , 

,  Work  in  progress  at  Cairo  Protection  on  the  30th  day  of  June,  1879,  was  continued 
till  October  14,  1879.     The  revetment  [of  the  bank  wjw  extended  upstream  2,900  feet 
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above  previous  works  by  sinkiug  rafts  of  brush  out  to  deep  water  and  covering  the 
sloping  bank  between  these  rafts  and  the  steep  top  banks  with  a  thin  layer  of  stone. 
The  brush  rafts  were  mostly  70  feet  wide,  and  the  protection  of  stone  inside  the  rafts 
wa«  irregular  in  width  according  to  the  shape  of  the  bank,  but  would  average  about 
75  feet.  The  height  to  which  the  revetment  was  carried  was  about  to  a  20-foot  stage 
of  water  in  the  Mississippi  River  when  the  Ohio  River  is  low,  or  a  25-foot  stage  when 
the  Ohio  has  a  good  navigable  depth.  The  protection  begun  during  the  first  half  year 
of  1879  was  raised  to  a  similar  height,  and  some,  additions  were  made  to  the  work  of 
former  years  to  repair  weak  places.  Some  work  waa  done  to  protect  the  bank  between 
the  8])nr-dike8  placed  by  the  Cairo  Land  Company. 

About  1,000  cubic  yards  of  stone  were  taken  from  the  outer  end  of  the  upstream 
spur,  yet  remaining,  and  placed  on  the  bank  above  aud  lietween  the  spurs.  Of  this 
stone,  291.70  cubic  yards  were  moved  on  a  barge,  and  the  remainder  by  wheelbarrows. 

A  brush  raft  was  sunk  just  below  the  upper  spur,  and  a  curtain  of  brush  was  stretched 
between  the  3d  and  4th  spurs  to  brealc  the  current  of  the  eddy  and  induce  deposit. 
This  curtain  was  secured  at  the  surface  of  the  water  by  a  boom  of  dry  logs,  and  the 
free  edge  of  the  curtain  was  weighted  with  stone  to  carry  it  to  the  bottom. 

The  quantities  of  material  used  on  the  protection  during  the  half  year,  including 
314.20  cords  of  brush  on  barges,  July  1,  but  not  including  stone  taken  from  the  spur- 
dikes,  were:  on  continuation  of  protection  begun  in  1879,  1,819.10  cords  biush,  13,108 
cubic  yards  stone,  and  on  repairs  of  revetment  of  former  years,  116.40  cords  brush, 
540.90  cubic  yards  stone. 

The  brush  used  was  cut  by  hired  labor  on  tow-heads  in  the  Mississippi  River,  aud 
the  stone  was  quarried  by  hired  labor  at  leavsed  quarries  at  Gray's  Point,  Mo. 

The  transportation  of  material  was  by  barges  and  tow-boat,  owned  and  operated  by 
the  government. 

The  new  protection  placed  during  the  year  1879  covered  a  front  of  7,600  feet.  This 
was  rather  light,  and  will  need  additions  and  repairs  when  the  river  shows  it*i 
weak  places.  The  revetment  will  need  to  be  raised  some  when  the  top  bank  is  sloped 
enough  to  carry  stone  with  safety.  The  total  length  of  banks  at  Cairo  Protection,  on 
which  work  has  been  done,  including  the  stone  placed  by  the  Cairo  Land  Company, 
is  14,200  feet.  The  river  is  attacking  the  banks  below  this  work,  and  the  protection 
may  need  to  be  extended  some  in  both  directions.  The  condition  of  the  work  when 
last  examined  was  sood. 

Two  bad  piles  oi  stone,  formed  by  the  river  washing  the  bank  back  from  the  two 
upstream  spur-dikes  placed  by  the  Caiit>  Land  Conqianj',  endanger  navigation  dur- 
ing low-water.  In  the  early  part  of  October  the  water  over  these  stones  was  but  two 
feet  deep.  At  that  time  the  i^idth  of  channel  between  the  upstream  pile  and  the 
Illinois  shore  was  545  feet,  and  between  the  downstream  pile  and  the  shore  3:tt>  feet. 
A  new  shore  line  was  run  and  stakes  set  each  100  feet  to  refer  work  to.  The  line  be- 
gins at  a  stone  set  70i)  feet  downstream,  from  the  lower  end  of  the  revetment,  and 
runs  upstream.  It  was  connected  with  points  marked  A  12  and  A 14,  of  Lieutenant 
Lockwood's  survey,  and  with  the  street  system  of  Cairo.  A  section  of  the  Mississip])! 
River,  taken  September  25,  520  feet  up  stream  from  O  jwint  of  shore  line,  showeii  the 
river  at  that  place  to  be  but  743  feet  in  width.  Nearer  the  mouth  of  the  Ohio,  and  jup»t 
below  the  incline  of  the  C.  A.  and  T.  Railroad,  was  a  narrower  part  of  the  river,  but  the 
width  was  not  measured.  The  whole  volume  of  the  Mississipj»i  passed  in  one  channel 
at  both  points.  Changes  in  the  slope  of  the  Mississipjii  River,  near  the  mouth  of  the 
Ohio,  were  shown  by  levels  taken  September  6  aud  September  25.  The  Ohio  at  the 
United  States  gauge  in  front  of  Cairo  fell  13.5  feet  dunng  the  time,  while  the  Missis- 
sippi back  of  Cairo,  at  the  line  of  Twenty -eighth  street,  fell  but  8.93  feet — a  difference 
of  4.57  feet. 

The  shoalest  water  during  the  season  between  Cape  Girardeau  and  Cairo  wa^  near 
Power's  Island,  where  the  river  was  divided  into  four  channels  by  Santa  F^  Island, 
Beaver  Dam,  Towhoad  aud  Power's  Island.  At  one  tiuii*  in  September  the  gieate^t 
navigable  depth  was  4^  feet. 

To  illustrate  some  details  of  work  done  during  the  half  year,  I  will  stat^?  that  the 
rafts  sunk  along  the  middle  of  Cairo  Bend,  when  out  of  dee]>  water,  left  a  wide  slope 
to  be  covered  with  stone ;  for  this  reason  the  width  of  the  rafts  was  increjised  to  70 
feet.  The  upstream  part  of  the  revetment  x)laced  has  rafts  of  this  width  for  a  length 
of  2.125  feet.  The  quantities  of  material  placed  on  this  part  of  the  bank  were  1,570.9') 
cords  brush,  6,344.70  cubic  yards  stone,  which  gives  about  0.74  cords  brush  and  2.99 
cubic  yards  stone  per  linear  foot  of  bank. 

On  the  bank  next  belo\v  this  upper  section  2,351.30  cords  brush,  15,931.80  cubic 
yards  stone,  were  placed  in  5,475  linear  feet  of  revetment,  which  gives  al>out  0.43 
cords  brush  and  2.91  cubic  yards  stone  per  linear  foot  of  bank.  Acting  on  some  ideas 
partly  gained  from  a  conversation  early  in  July  with  Principal  Civil  Assistant  En- 
gineer fi.  E.  McMath,  and  from  whom  I  undei-stood  such  a  course  would  l>e  approved, 
I  used  earth  for  the  chief  weight  for  sinkiug  raft^.  To  hold  the  earth  the  rafts  had 
to  be  made  closer  than  large  willows  such  as  we  had  been  u^ing  would  make  them ; 
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Tk.iT  this  reason  tlio  middle  course  of  the  new  rafts  was  made  of  weeila  and  small  wil- 
lows. The  rafts  were  loaded  as  nearly  unifonnly  as  practicable  with  earth  taken 
"From  the  bank ;  then  a  few  stone  were  placed  on  them  to  complete  the  sinkintf.  The 
•experiment  was  tried  on  some  rafts  of  loading  entirely  with  eartli.  When  the  rafts 
"^"ere  a  few  feet  below  the  waters  surface  the  strong  current  over  them  washed  much 
^m(  the  eai*th  from  them,  so  that  the  expense  of  extra  labor  required  to  completely 
t-*ink  the  raffs  with  earth  was  Kr^ater  than  the  cost  of  Htone  necessary  for  the  final 
'^ft'eight  to  be  iis*hI  after  the  ratt  passed  below  the  sui*face  would  have  been.  A  small 
«iuantity  of  stone  was  put  on  each  raft  after  it  was  sunk,  to  help  keep  it  in  position 
and  to  make  the  connection  of  the  raft  with  the  riprap  certain. 

The  method  used  for  sinking  brush  rafts  with  earth  can  be  employed  mivantageously 
when  the  cuiTent  is  not  more  than  2  miles  per  hour,  but  in  a  strong  current  it  will  be 
economical  to  put  the  earth  required  for  the  last  weights  to  sink  the  brush  in  some 
envelope  to  give  it  the  necessary  firmness  to  resist  the  washing  of  the  water. 

In  localities  where,  for  any  reason,  stone  cannot  be  readily  obtained,  earth,  sand, 
or  mnd  can  be  used  as  weights  for  sinking  any  other  material,  or  for  anchors  to  hohl 
any  structure  or  device  used  for  the  improvement  of  the  river.  I  think,  however, 
that  on  the  Mississippi  River  above  Cairo,  when  brush  is  to  be  sunk  in  a  deep,  strong 
current,  it  will  be,  gener^ly,  more  economical  to  use  stone  for  weights.  The  use  of 
stone  rather  than  earth,  as  a  sinking  material,  will  be  e<'onomical  in  some  cases  in 
4'omparatively  slack  water  which  is  readily  accessible  to  steamboats  and  barges ;  as 
brush  to  be  snnk  by  stone  can  be  useil  in  thin  oi>en  mats  while,  when  earth  is  to  be 
use<l  it  must  be  put  in  some  envelope,  or  the  mats  must  be  thick  and  close  enough  to 
hold  a  large  per  cent,  of  the  earth  or  sediment  brought  in  contact  with  it. 

Such  a  thing  as  a  simple,  direct  current  does  not  exist  in  a  great  river,  and  any  ob- 
Ktruction  placed  in  the  current  adds  new  complications  to  the  direction  of  th«^  forces 
of  the  water.  In  sinking  rafts  or  mats  it  is  important  that  the  anchorage  be  located 
Ml  as  to  help  cany  the  rafts  to  the  bottom,  and  at  the  same  time  prevent  their  being 
twisted  by  the  currents.  On  our  shore  work  a  combination  of  surface  and  bottom 
anchorage  gave  the  best  results  ;is  to  direction  of  strains. 

The  surface  anchorage  used  was  a  number  of  lines  frtmi  barges  moored  upstream 
from  the  raft,  and  side  lines  from  the  shore  to  pi-event  the  raft  swinging  out  too  far. 

The  bottom  anchorage  was  by  lines  from  the  head  of  the  raft  to  anchors  placed  in 
the  river  above  the  raft.     Two  such  lines  were  usually  suflicieut. 

At  Kaskaskia,  the  rafts  already  sunk  werenised  for  the  bottom  anchorage  with  good 
success.  This  was  suggested  by  the  method  used  by  Assistant  Engineer  D.  M.  Currie 
for  anchoring  hinged  mats  and  curtains  at  Horse-tail  Bar.  Bottom,  anchor  lines  had 
little  eflect  till  the  raft  began  to  sink  when  they  were  brought  into  use  by  slacking  the 
surface  lines  so  as  to  keep  an  even  but  not  severe  strain  on  them.  The  bottom  lines 
were  gauged  in  length  to  regulate  the  connection  between  the  rafts  sunk,  and  some 
of  the  lines  were  arranged  with  an  outward  strain  to  prevent  the  raft  swinging  to- 
wards the  shore  while  sinking.  With  long  rafts  aiiditional  lines  towards  the  middle 
and  foot  of  the  rafts  to  help  hold  and  guide  them  were  found  beneficial.  Long  rafts  are 
not  always  economical  where  the  current  is  strong.  More  time  is  required  for  their 
construction,  and  they  are  more  liable  to  accidents  from  drift-wood,  storms,  boats, 
and  other  causes,  than  short-  rafts.  Long  rafts  are  harder  to  hold  than  short  ones,  and 
from  the  tendency  to  neglect  the  even  distribution  of  loading  material,  and  the  greater 
difficulty  of  rapid  and  even  application  of  final  sinking  weights,  they  are  more  liable 
to  be  badly  sunk. 

On  shore  work  where  the  inner  edges  of  rafts  were  sunk  in  water  varying  from  10 
to  25  feet  in  depth,  and  the  outer  edges  in  depths  of  25  to  43  feet,  the  rafts  being 
weighted  with  stone  from  barges  l(i5  leet  long,  the  most  satisfactory  length  for  rafts 
was  from  175  to  225  feet.     The  most  usual  length  was  about  200  feet. 

Shore  or  floating  ways  to  build  brush  protections  on  are  economical  in  many  places, 
as  the  brush  can  be  formed  into  thin  mats  or  screens  on  them,  while  rafted  brush 
must  have  thickness  and  buoyancy  enough  to  carry  workmen. 

KASKASKIA  PROTECTION. 

Work  at  protecting  Kaskaskia  Bend  was  caiTied  on  during  the  fii-st  nineteen  days 
of  July.  The  work  done  consisted  of  making  340  linear  feet  of  brush  rafts  and  sinK- 
ingthem  at  the  foot  of  the  bank;  and  of  placing  stone  riprap  on  the  slope  of  the 
bank  from  a  height  of  22  to  25  feet  above  low-wat«r  downward  below  low  water  level. 
The  protection  was  extended  1,100  feet  beyond  former  work. 

Work  was  suspended  from  July  19  to  September  22,  when  it  was  resumed. 

The  work  done  in  September,  October  and  November  consisted  of  making  brush 
rafiB,  50  feet  in  width,  and  sinking  them  at  the  foot  of  the  slope  outside  of  the  revet- 
ment on  the  bank.  The  outer  edges  of  the  rafts  were  sunk  in  water  varying  from  25 
feet  in  depth  near  the  head  of  the  bend  to  43  feet  about  2^000  feet  farther  down  stream, 
when  the  stage  of  water  was  from  8  to  10  feet  on  the  Saint  Louis  gauge.    The  length 
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of  bank  along  which  rafts  were  sunk  was  3,305  feet.  A  length  of  2,915  feet  was  at 
the  upstream  end  of  the  protection  to  revet  the  foot  of  the  bank  in  front  of  from  station 
1+75  to  30-f-90  of  the  new  shore  line. 

Just  below  the  work  of  1878  and  in  front  of  station  34+50  t-o  36+90  of  new  shore 
line,  240  feet  of  raft  was  sunk  close  to  the  bank,  to  prot-ect  the  bottom  of  the  eddy  in 
the  cove  and  stop  a  cut  in  the  bank  below.  At  the  lower  end  of  all  stone  work  a  raft  150 
feet  long  was  sunk  to  stop  cutting  of  the  eddy  below  the  stone.  This  raft  was  clow 
to  the  bank  and  in  front  of  station  60  to  61+50  of  new  shore  line. 

Earth  was  used  to  help  sink  some  of  the  raft's.  Stone  used  for  sinking  rafts  was 
taken  from  the  revetment  already  on  the  bank.  Two  barge  loads  of  new  stone  were 
added  to  the  protection  at  the  upstream  end  of  the  bend. 

The  quantities  of  new  material  placed  on  the  protection  were  a«  follows:  In  July 
320.86  cords  brush  and  7,350.93  cubic  yards  stone ;  and  in  September,  October,  and 
November  2,100.20  cords  brush  and  519.60  cubic  yards  stone. 

The  changes  made  in  position  of  material  already  on  the  bank  consisted  of  picking  np 
1,474  cubic  yards  stone  where  the  revetment  above  water  was  heaviest,  loading  it  on 
barges,  and  unloading  it  on  the  slope  of  the  bank,  where  the  former  protection  hadsnnk 
below  the  surface  of  the  water.  ^ 

The  total  length  of  bank  on  which  work  has  been  done  at  Kaskaskia  Bend  is  5,975 
feet.  The  up-stream  part  of  the  bend  for  the  length  of  2,500  feet  is  partially  protects 
to  a  height  of  10  feet  above  low- water,  and  the  bank  down -stream  from  this  for  a  length 
of  3,325  feet,  as  reported  by  Mr.  McDonald,  to  a  height  of  22  to  25  feet  above  low- water. 
The  downstream  150  feet  has  a  single  bruHh  raft  50  feet  in  width  rea<^hing  up  to  low- 
water  level. 

The  condition  of  the  work  at  Kaskaskia  cannot  be  called  good. 

The  bank  is  too  ste)ep  to  carry  stone  safely,  which  gives  the  stone  a  greater  t-endency 
to  slide  forward  into  deep  water  than  to  settle  down  vertically.  The  bank  slides  some 
at  the  base  along  the  up-stream  end  of  the  work,  and  washes  above  the  stone  when 
the  water  is  above  the  revetment.  The  bank  needs  additional  protection  and  soni<> 
grading  to  give  it  a  proper  slope.  As  the  sand  washes  too  fast  to  trust  the  grading  to 
the  river,  the  most  convenient  way  to  do  that  work  will  probably  be  the  one  proposetl 
by  Captain  Ernst,  to  wash  the  bank  down  by  large  pumps. 

After  the  bank  is  graded  the  inclined  surface  can  be  protected  for  a  time  by  thiu 
brush-mat-s  fastened  to  the  ground  beneath  the  mats. 

Some  additional  stone  will  be  useful  to  make  a  good  connection  between  stone  al- 
ready on  the  bank  and  any  new  protection  that  may  be  placed  above  it.  There  is  now 
quite  a  body  of  stone  at  the  foot  of  the  bank,  along  the  up-stream  part  of  the  bend, 
and  if  the  bank  above  water  is  graded  flat  enough,  say  to  25"^  or  30°  rise  from  a  hori- 
zontal plane,  stone  will  probably  lie  on  the  bank  and  can  be  used  to  form  the  upper 
protection,  if  deemed  advisable  to  use  it. 

The  auxiliary  bmsh-mats  you  have  adopted  for  the  foot  of  the  slope,  beneath  the 
water,  are  required  for  an  additional  length  of  3,060  feet  from  in  front  of  station 
30  +  90  of  shore  line  down  stream  to  the  lower  end  of  the  protection. 

The  protection  will  need  be  extended  down  stream  a  few  hundred  feet  to  prevent  a 
wash  across  a  low  neck  of  land  to  the  Kaskaskia  River. 

The  shore  line  run  in  1878  was  partly  washed  into  the  river.  A  new  line  was  nm 
and  stakes  set  100  feet  apart  to  refer  work  to. 

The  up-stream,  or  O,  end  of  the  line  is  at  a  set  stone  at  the  head  of  the  bend,  and 
175  feet  up-stream  from  the  present  revetment.  A  stone  set  at  station  25  is  the  same 
as  station  18  of  line  of  1878.  Stones  were  set  at  points  of  survey  of  March,  1876,  at 
point  near  bend  of  Kaskaskia  River,  2  feet  from  forked  pecan  tree,  and  at  point  near 
Strue's  house,  6  feet  from  locust. 

Charles  S.  True, 

Asutistant  Enffinerr.    . 

General  J.  H.  Simpson, 

Corps  of  Engineers^  V.  S.  A. 


P   2. 

ICK  HARBOR  AT  SAINT  LOl  LS,  MISSOIRI. 

The  river  and  harbor  act  of  June  14,  1880,  contains  the  following 
items,  viz : 

For  iceharbor  at  Saint  Louis,  Mo.,  fifty  thousand  dollars:  Provided^  That  no  part  of 
this  sum  shall  be  expended  until  a  Board  of  Engineers  shall  have  been  convened  and  de- 
termined upon  a  plan  for  the  construction  of  the  work. 
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aost  suitable  place  for  such  a  harbor  in  this  vicinity  is  the  chute 
cVrsenal  Island,  or  Cahokia  Chute. 

was  formerly  the  main  channel  of  the  Mississippi,  but  was  closed 
ration  by  a  low  dam  constructed  in  1877-'78.  It  is  that  portion 
liute  below  the  dam  which  it  is  proposed  to  convert  into  an  ice 

has  been  no  opportunity,  as  yet,  to  determine  upon  a  completed 
but  enough  is  known  of  the  locality  and  the  necessities  of  the 
lustily  the  assertion  that  the  sum  asked  for,  $100,000,  is  less 
1  be  required  to  complete  the  work. 

Money  statement 

ppropriated  by  act  approved  June  14,  1880 $50,  GOO  00 

30,  aiiiount  available 50,000  00 

lat  can  be  profitably  expended  in  fiscal  year  ending  June  30, 1882. .  100, 000  00 


P3. 

:MENT  of  MISSISSIPPI  river  at  or  near  cape  GIRARDEAU 
AND  MINTON'8  POINT,  MISSOl'RI. 

\'er  and  harbor  act  of  June  14,  1880,  contains  an  item  appro- 
$20,000  for  '*  improving  Mississippi  River  at  or  near  Cape 
au  and  Minton's  Point,  Missouri.'' 

vey  of  the  locality  will  be  undertaken  as  soon  as  the  river  falls 
able  stage,  with  a  view  to  preparing  a  plan  of  the  works  required 
Bstimate  of  their  cost.  Sufficient  is  known  of  the  case  to  justify 
for  $50,000  for  next  year,  to  continue  the  improvement.  The 
V  available  is  not  sufficient  to  exert  any  beneficial  eifectupon  the 
at  Cape  Girardeau  except  by  dredging.  Dredging  in  this  part 
Iississippi  is  an  expensive  way  of  procuring  an  inefficient  and 
ivy  relief,  and  cannot  be  recommended.  It  is  supposed  that ' 
ent  relief  is  what  is  desired,  and  it  is  proposed  to  employ  the 
ivailable  in  beginning  the  works  necessary  for  that  purpose  with 
ectation  that  the  additional  funds  required  will  be  provided  in 
u*e. 

Money  statement. 

appropriated  by  act  approved  Jnne  14,  1880 $20, 000 

$80,  amount  available 20,000 

hat  can  be  profitably  expended  in  fiscal  year  emling  June  30,  1882.     50, 000 


P  4. 

[PROVEMENT  OF  OSAGE  RIVER  IN  MISSOURI  AND  KANSAS. 

iver  and  harbor  act  of  March  3,  1879,  appmpriated  $20,000  for 
'k,  which  was  employed  in  continuing  the  method  of  improve- 
llowed  during  previous  years.  The  latter  consists  of  contract- 
width  of  the  river  at  certain  shoals  by  means  of  cross-dams  and 
-walls,  dredging  the  channel  by  means  of  teams  and  scrapers,  and 
oval  of  rocks  and  snags  from  the  channel  and  of  leaning  timber 
a  banks,  the  object  being  to  obtain  a  2-foot  channel  at  the  lowest 
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stages  of  the  river.    All  the  works  were  carrietl  on  by  hired  labor  and 
purchase  of  material  in  open  market. 

MOORE'S  FLATS. 

(40  miles  from  the  mouth.) 

Work  was  begun  at  Moore's  Flats  on  the  10th  of  July.  The  dam  built 
last  was  strengthened  by  being  loaded  with  stone,  and  the  training  wall 
was  repaired  and  extended  upstream  a  distance  of  200  feet.  Sixteen  snags 
were  removed  from  the  channel  at  the  lower  end  of  the  shoal.  Later  in 
the  season  the  training  wall  was  extended  900  feet  farther  upstream, 
contracting  the  channel  to  a  width  of  80  feet. 

The  tot^  length  of  the  training  wall  is  now  1,750  feet,  of  which  1,100 
feet  was  built  this  year.    It  was  constructed  of  riprap  on  a  brush  fouu^ 
dation. 

The  locality  is  shown  in  the  adjoining  sketch,  in  which  the  works  ar^ 
indicated  by  the  heavy  full  lines.  The  upstream  portion,  from  A  to  B^ 
was  built  this  year.     ' 

HOSKINS',   OR   LITTLE   TAVERN  SHOALS. 

{4'^^  miles  from  the  mouth.) 

This  locality  is  shown  in  the  adjoining  sketch.  The  river  was  diyided 
into  three  chutes  by  Hoskins'  Island,  and  a  smaller  island  to  the  west- 
ward. The  chute  between  the  latter  island  and  the  main  shore  had  been 
closed  in  former  years  by  an  old  State  dam,  extending  from  a  to  6.  It 
Yms  decided  to  extend  this  dam  across  the  small  island,  and  then 
changing  its  direction  to  push  it  across  the  stream  and  connect  it  with  a 
training  wall,  c  r?,  thus  contracting  the  channel  to  a  width  of  89  feet  (see 
sketch).  A  dam  743  feet  long  and  a  training  wall  430  feet  long  were  con- 
structed of  ripraj)  on  a  brush  foundation.  Forty  snags  were  removes! 
from  the  channel. 

REYNOLDS'   SHOAL. 

(4^^  miles  from  the  mouth.) 

The  work  at  this  shoal  consisted  of  the  removal  by  blasting  of  some 
rocks  from  the  channel,  amounting  in  all  to  about  300  cubic  yards ;  oi 
catting  from  the  bank  eighty-eight  overhanging  trees,  and  of  removing 
forty  snags  from  the  channel.  The  dam  at  Iloskins'  Shoal,  2  miles 
below  this,  serves  to  increase  the  depth  of  water  on  this  shoal,  so  that 
there  is  now  a  depth  of  2  feet  or  more  at  the  lowest  stages. 

KIRKMAN'S    SHOAL. 

(47f  miles  from  the  mouth.) 

This  locality  is  shown  upon  the  adjoining  sketch.  Several  ilikes,  a  b, 
c  d,  efj  had  been  built  in  former  years  by  the  State  of  Missouri,  but  the 
shoal  remained  one  of  the  worst  upon  this  portion  of  the  river.  The 
plan  adopted  for  improving  it  was  to  build  a  dam,  gh^  from  the  right 
bank  out  into  the  river,  a  distance  of  250  feet,  connecting  it  with  a  train- 
ing wall,  ikj  1,320  feet  long.  The  peculiar  shape  of  the  opposite  bank 
made  it  necessary  to  supplement  the  latter  by  a  second  training  wall,  //, 
ftSO  feet  long. 
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is  wall  the  State  dam  was  used  as  a  foandatioii  for  a  length  of 
All  these  works  were  bnilt  of  riprap  upon  a  foandation  of 
At  t^e  foot  of  the  i^tifieial  chute  thus  formed  a  channel  was 
oat,  the  qaantity  of  material  removed  bein^  S40  cubic  yards. 

devil's  elbow. 

(49  niileB  from  the  month.) 

as  a  narrow  chute  which  was  difficult  to  navigate  on  account 
pidity  of  the  current  and  the  crookedness  of  the  channel,  which 
ly  obstructed  by  snags  and  overhanging  trees.  Fourteen  snags 
en  from  the  channel  and  eighty-five  trees  cut  from  the  banks. 

I  at  Kirkman's  Shoal,  IJ  miles  below,  has  backed  the  water  up 
(hoal,  deepening  it  somewhat  and  diminishing  the  velocity  of 
mt.  ^ 

pack's  shoal. 

(50  miles  from  the  mouth. ) 

ork  at  this  place  consisted  of  dredging  a  channel  350  feet  long 
3et  wide,  invcdving  the  removal  of  455  cubic  yards  of  gravel, 
ork  at  Kirkman's  and  Pack's  Shoals  was  finished  October  14. 
being  some  repairs  and  extensions  required  upon  the  works 
ly  constructed  which  would  occupy  the  force  during  the  Femain- 
le  working  season,  it  was  not  deemed  advisable  to  begin  any 
ove  those  points.  The  force  was  accordingly  ordered  back  to 
Flats,  where  the  training  wall  was  extended  as  above  r^orted. 
ray  down  an  obstruction  to  navigation  was  found  to  exist  in 

glabk's  island  shoal. 

(41f  miles  from  the  mouth.) 

mel  80  feet  wide  and  400  feet  long  was  dredged  through  this 
solving  the  removal  of  782  cubic  yards  of  gravel. 

bubd's  shoal. 

(21f  miles  from  the  mouth.) 

mboat  had  grounded  at  the  head  of  this  shoal  in  August,  and 
g  h^  off  the  gravel  had  become  so  flattened  out  as  to  leave  but 
inches  depth  of  water  in  the  channel.  Temporary  relief  was 
the  time  by  dredging.  It  was  decided  to  diminish  the  chances 
mts  of  that  kind  by  further  contracting  the  width  of  the  chute, 
lity  is  shown  in  the  adjoining  sketch. 

II  heavy  lines  a  be  show  the  old  work.  A  dam,  d  e,  195  feet  long, 
out  from  the  left  bank  and  connected  with  a  training  wall,  g  hj 
to  the  old  training  wall,  and  90  feet  from  it. 

3W  training  wall  had  been  built  to  a  length  of  450  feet  when  the 

i  of  winter  rendered  it  imprudent  to  keep  the  equipment  any 

>  far  frt)m  its  winter  quarters,  and  the  work  was  accordingly 

3d.    It  is  proxKxsed  to  extend  it  about  600  feet  during  the  com- 

■ 

works  were  built  of  riprap  upon  a  foundation  of  brush. 

^  the  month  of  January  the  recently  oonstruoted  dam  was  broken 

I  E 
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at  itfi  shore  end,  and  a  considerable  carrent  p&sed  throngb  fonning  a 
bar  at  the  foot  of  the  chnte,  and  endangering  the  dam.  A  force  was  set 
at  work  as  soon  as  practicable  to  repair  the  damage.  The  break,  82  feet 
in  length,  was  repaired  and  the  bank  was  grad^  and  revetted  above 
and  below  the  dam  for  a  length  of  206  feet,  the  whole  being  completed 
on  the  9th  of  February. 

SHIPLEY'S  SHOAL. 

(9  milee  from  the  mouth. ) 


1 


A  frrther  extension  of  the  training  wall  at  this  shoal  had  become  nec- 
essary.   Hie  improvement  of  this  locality  is  more  temporary  tJian  at  the 
other  shoals  because  of  the  backwater  from  the  Missouri  Eiver.    TliJ8 
meeting  the  barrier  formed  by  Shipley's  Shoal  drops  the  sediment  which 
it  carries  and  builds  up  a  new  bar  at  the  foot  of  the  chute  with  mncli 
more  rapidity  tliat  the  Osage  itself  could  do  with  its  gravel.    The 
remedy  for  this  has  been  for  the  last  two  seasons  to  extend  the  training 
wall  downstream  until  the  foot  of  it  reached  a  point  where  the  watex 
was  from  3  to  6  feet  in  depth.    During  a  part  of  the  months  of  Noven^- 
ber  and  December  the  waJl  was  extended  a  length  of  1,050  feet.    On  tfc^e 
18th  of  December  the  weather  became  very  cold,  causing  ice  to  forssa, 
and  it  was  not  considered  safe  to  keep  the  steamer  and  barges  any  long>^T 
at  work.    During  the  winter  a  break  82  feet  long  and  from  9  to  15  de^^^p 
occurred  in  the  cross-dam  at  the  shore  end.    Work  was  resumed  on 
9th  of  March.    The  breach  in  the  dam  was  repaired,  the  bank  was  rev 
ted  for  a  length  of  50  feet  above  and  120  feet  below  the  dam,  and 
weak  portions  of  the  dam  were  strengthened.    Work  upon  the  training  w 
was  then  resumed  and  continued  until  the  10th  of  April,  when  the  ny* 
became  so  high  that  it  was  necessary  to  again  suspend  operations, 
wall  had  been  extended  375  feet,  making  a  total  extension  for  the  y 
of  1,425  feet.    It  has  now  reached  a  long  flat  bar  known  as  Brenneckes^s 
ShoaL    It  is  proposed  to  extend  it  across  this  shoal  during  the  comi^mg 
year,  which  will  require  an  addition  of  2,600  feet.    This  wiU  carry  it  in^^^o 
water  about  8  feet  deep. 

The  adjoining  sketch  shows  the  position  of  the  works  already  execnt^^d 
and  that  of  the  proposed  extension,  the  latter  being  indicated  by  a 
broken  and  dotted  line.  There  is  now  a  2-foot  channel  at  the  lowe^^t 
stage  from  the  mouth  of  the  river  to  the  foot  of  Berry's  Shoal,  a  distam-^^ 
of  51  miles,  with  the  exception  of  about  2,600  feet  at  Shipley's  ShoalaKsd 
600  feet  at  Burd's  Shoal.  Of  this  distance,  40  miles  from  the  mouth,  ^i* 
as  high  up  as  Moore's  Flats,  had  been  the  subject  of  improvementr  in 
previous  years. 

The  result  of  the  year's  work  is,  therefore,  11  miles  of  river  opene^l-  ^ 
low- water  navigation,  and  the  maintenance  of  the  previously  obtaii^^ 
channel  for  a  distance  of  40  miles  with  the  exceptions  above  given.      ^_^ 
may  be  necessary  to  build  dams  and  training  walls  at  some  of  the  shc^^^ 
where  as  yet  only  dredging  has  been  done,  but  with  these,  since    ^*^i 
Osage  Eiver  is  a  stream  of  perfectly  clear  water  flowing  over  a  ber^ 
gravel,  with  substantial  banks,  I  see  no  reason  why  the  beneflcial  res 
will  not  be  reasonably  permanent. 


t« 


APPROPRIATION  OP  JUNE  14,  1880. 

l%e  river  and  harbor  act  of  June  14, 1880,  appropriates  $30,000 
the  continuation  of  this  improvement.    Of  this  sum  (5,200  have  ~ 
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iUotted  to  the  extension-  of  the  training  wall  at  Shipley's  Shoal  and 
11,200  to  similar  work  at  Burd's  Shoal.  At  Berry's  Shoal  (51^  miles 
Tom  the  month)  a  depth  of  only  6  inches  is  sometimes  fonnd  at  low- 
rater.  It  is  proposed  to  contract  the  river  to  a  width  of  80  feet,  by 
neans  of  a  dam  and  training  wall  like  those  nsed  at  the  other  shoals, 
inth  a  view  to  securing  a  depth  of  2  feet  at  the  lowest  stage.  The  ad- 
oining  sketch  shows  the  location  of  the  proposed  works.  The  sum  of 
^7j500  has  been  allotted  to  this  work. 

There  are  four  shoals,  viz.  Music's,  Saline,  Burdsong's,  and  Town's, 
ipon  which  the  work  will  consist  principally  in  removing  snags  from  the 
channel,  cutting  leaning  timber  from  the  banks,  and  in  one  or  two  places 
Hsraping  gravel.  The  sum  of  (3,800  has  been  allotted  to  the  works  at 
these  four  shoals. 

When  the  works  above  mentioned  shall  have  been  completed,  there 
ivill  exist  at  low-water  a  channel  of  2  feet  in  depth  from  Tuscumbia  to 
:he  mouth,  a  distance  of  60  miles.  Above  Tuscumbia  as  far  as  the  mouth 
)f  Bainey  Creek,  a  distance  of  90  miles,  there  has  been  no  survey  made, 
rhe  sum  of  (2,500  has  been  allotted  for  the  purpose  of  surveying  that 
[M>rtion  of  the  river,  with  a  view  to  preparing  plans  for  its  improvement, 
rhere  will  then  be  a  continuous  map  from  Ottawa,  Kans.,  to  the  mouth. 
Fhe  balance  of  the  funds  available  is  held  in  reserve  for  works  above 
Fiscumbia,  after  the  completion  of  the  survey. 

RECAPITULATION. 

^hipley'a  Shoal $5,200 

Bord's  Shoal l,20i> 

B«rry  Shoal 7,500 

Hbac's,  Saline,  Burdsong's,  and  Town's  Shoals ' 3,800 

Survey  above  Toscnmbia 2,500 

Reserved  for  works  above  Tuscumbia 9,800 

Total 30,000 

It  is  proposed  to  carry  on  the  greater  part  of  these  works  by  contract. 
That  system  can  be  applied  to  the  works  at  Shipley's,  Burd's,  and  Berry's 
Shoals.  In  the  case  of  those  shoals  where  the  work  will  consist  of  re- 
moving snags  and  overhanging  trees  and  scraping  gravel— viz.  Music's, 
Saline,  Burdsong's,  and  Town's — the  indefinite  amount  of  the  work  ren- 
ders it  impracticable  to  prepare  accurate  specifications  in  advance.  The 
work  at  these  shoals  will  be  carried  on  by  hired  labor. 

ESTIMATE  FOB  YEAR  ENDING  JUNE  30,  1882. 

The  sum  of  (50,000  can  be  expended  to  advantage  during  the  year 
ending  June  30, 1882.  It  is  intended  to  employ  it  in  removing  obstruc- 
tions to  navigation  above  Tuscumbia,  the  exact  position  of  which  can- 
not be  given  until  after  the  completion  of  the  survey  to  be  undertaken  < 
this  year.  The  intention  is  to  create  a  continuously  good  navigation  as- 
cending the  river  each  year  as  far  as  tbe  means  available  wiU  permit. 
There  is  no  definite  project  for  the  improvement,  and  it  is  therefore  im- 
practicable to  fill  out  that  part  of  the  money  statement  which  gives  the 
amount  required  to  complete. 

Money  statement 

Jily  1,  1879,  amount  available |20,791  10 

Amouni  received  for  fdel  sold  to  officers 124  50 

Aao«nt  appropriated  by  act  approved  June  14,  1880 30, 000  00 
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July  1, 18^,  amount  expended  during  fiscal  year : 

By  Gol.  J.  H.  Simpson,  Corps  of  Engineers $17, 815  21 

ByCapt.  O.  H.  Ernst,  Corps  of  Engineers 2,305  40 

$20, 129  «1 

July  1,  1880,  amount  available 30,794  99 

Amount  that  can  be  profitably  expended  in  fiscal  year  ending  June  30, 1882.     50, 000  60 


survey  and  estimate  of  the  damages  to  riparian  owners  in 
front  of  the  town  of  venice,  ill.,  by  reason  of  government 
improvements  made  or  to  be  made  at  or  near  said  town. 

Engineer  Office,  United  States  Army, 

Saint  Louisj  Jfa.,  April  10,  1878. 

"txENBRAL:  According  to  the  instnictions  contained  in  yonr  letter 
dated  May  1, 1877,  requiring  a  survey  and  estimate  to  be  made  ^^  of  the 
damages,  if  any,  done  or  to  be  done  to  riparian  owners  of  lands,  and 
improv^uents  thereon,  at  or  in  front  of  the  town  of  Venice,  HI.,  near 
Saint  Louis,  Mo.,  by  reason  of  government  improvements  made,  or  to 
be  made,  at  or  near  said  town  of  Venice,"  a  survey  was  made  by  my 
assistant,  Mr.  William  Popp,  in  September  and  October^  1877. 

The  accompanying  map  of  this  survey,  on  a  scale  of  1  inch  to  200  feet, 
embraces  the  towns  of  Venice  and  Brooklyn,  the  Mississippi  River  fc-om 
BischofTs  dike  to  head  of  Bloody  Island,  and  the  river  front  of  the  city 
of  Saint  Louis  ftt)m  Ferry  to  Florida  streets.    Gl^he  towns  of  Brooklyn 
and  Venice  are  laid  down  on  the  authority  of  the  public  reocaxis  of  Saut 
Glair  and  Madison  Counties.    The  subdivision  of  the  lands  of  the  Mad- 
ison County  Ferry  Company  is  copied  from  a  map  or  plan  loaned  for 
the  purpose  by  the  ferry  company.    The  location  of  the  old  works^ 
shown  in  blue  and  green,  is  not  absolute,  being  transferred  ftom  the 
old  maps,  and  depends  upon  the  accuracy  of  the  surveys,  and  plotting  of 
those  mapSk    The  frill  blue  lines  are  taken  from  the  map  made  by  Lieut. 
E.  E.  Lee,  in  1839,  and  the  broken  blue  lines  are  from  a  map  eom- 
piled  by  Henry  Kayser,  City  Engineer  of  Saint  Louis,  in  1849.    They 
works  shown  in  green  are  taken  from  a  map  made  from  a  survey  in 
1861,  and  represent  the  location  and  then  condition  of  the  early  works.  ^ 
Bed  shore  lines  and  figures  are  taken  frt)m  the  survey  made  in  1870 1^2 
Capt.  Charles  J.  Allen,  Corps  of  Engineers,  and  the  black  lines  an-J 
figures  represent  the  survey  of  1877.    Actual  soundings  are  given  i      ^ 
both  cases,  the  stage  being  practically  the  same,  +  7^3  at  time  of  su 
vey  in  1870,  and  +  7'.2  in  1877. 

The  examination  of  the  question  of  damages  necessarUy  involves 
search  of  the  records  to  ascertain  what  had  been  done  and  the 
of  the  works,  also  any  acts  of  the  parties  interested  which  would 
upon  the  question  presented.  This  examination  was  made  by  my  _ 
ant,  Bobert  E.  McMath,  and  the  result  is  embodied  in  a  report  upon  t  -^^ 
matter  dated  March  20, 1878,  a  copy  of  which  is  forwarded  herewi^^ — i 
Mr.  McMath  arrives  at  the  following  facts  bearing  directly  upon  i^^Bl 
question  of  damages : 

1.  Damages  done  preWoiis  to  1872  were  compensated  for  by  a  p^    ^r 
ment  made  in  1841. 

2.  Said  payment  covered  also  damage  to  be  done  by  completions  of 
the  plans  then  contemplattMl.    * 


i 
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3.  The  party  to  whom  payment  was  made  is  the  same  as  the  corpora- 
tion now  owning  the  entire  Venice  front. 

4.  The  legislature  of  Illinois  in  1849  recognized  that  the  ferry  com- 
pany had  relinquished  their  rights  upon  this  front,  for  it  recovered  to  the 
ferry  company  the  right  to  use  a  certain  dike  to  be  built  upon  the  ground 
owned  by  the  ferry. 

5.  In  recovering  this  right  the  legislature  imposed  certain  conditions 
upon  the  ferry  which  have  not  been  fulled. 

6.  The  works  built  by  the  United  States  in  1873  do  not  materially 
differ  from  those  provided  by  the  legislature  in  the  interest  of  the  ripa- 
rian owners. 

7.  Another  work  stands  iu  a  position  to  impair  the  interests  at  Venice 
more  directly  than  the  one  extended  by  the  United  States. 

8.  The  only  riparian  interest  besides  that  of  the  ferry  company  is  sub- 
ject to  the  acts  and  obligations  of  the  ferry  company  from  whom  that 
interest  derives  title. 

Upon  the  facts  recited  above  the  conclusion  is  reached,  in  which  I  con- 
cur^ that  no  damage  has  been  done  by  works  actually  constructed  by  the 
United  States  to  the  riparian  owners  of  lands  or  the  improvements 
thereon  at  or  near  the  town  of  Venice. 

Concerning  the  second  branch  of  the  inquiry,  what  damages  will  be 
done  by  future  works,  a  definite  answer  cannot  be  given.  If  the  rec- 
ommendations of  the  Board  of  Engineers  convened  in  February,  1872, 
be  strictly  adhered  to  the  damages  will  be  large,  and  will  depena  upon 
the  then  value  aud  development  of  the  local  interests.  There  being  no 
immediate  probability  of  these  works  being  oarried  out,  it  would  be 
useless  to  estimate  these  int<erests  now,  if  the  means  of  making  such  an 
estimate  were  within  reach.  As  the  question  depends  upon  inK>rmation 
obtainable  only  from  the  books,  officers,  and  employes  of  the  ferry  com- 
pany, the  only  mode  of  arriving  at  a  valuation  is  through  the  courts. 

To  avoid  the  question  of  damages  in  future,  I  concur  in  the  opinion 
that  it  would  be  well  to  modify  the  plan  of  the  Board  of  1872,  and  return 
to  the  lines  agreed  to  and  compromised  upon  in  1841  and  lStf:9.    To  do 
this,  however,  would  affect  the  interests  of  the  city  of  Saint  Louis  in  an 
important  degree.    Until  the  publication  of  tliis  report  and  the  accom- 
panying papers  affords  an  opportunity  for  the  authorities  of  Saint  Louis, 
and  indeed  all  interested  parties,  to  be  heard,  and  possibly  to  suggest 
other  solutions,  I  cannot  indorse  the  recommendation  of  my  assistant  as 
.  to  the  immedate  construction  of  the  high  dikes  at  the  shore  end  of  Bis- 
choff's  dike,  and  at  the  foot  of  Ferry  street,  Venice,  for  the  construction 
of  such  works  must  depend  upon  ^eir  being  accepted  by  the  riparian 
owners  in  lieu  of  all  possible  claims  for  damage. 

These  conclusions  are  based  upon  an  array  of  facts  obtained  with 
maeh  labor  fi^m  records  and  documents.  In  order  to  present  the  evi- 
dence upon  which  they  are  founded,  a  memoir*  has  been  prepared,  and  is 
forwarded  herewith,  giving  in  narrative  form  a  history -of  Saint  Louis 
Harbor  and  the  works  tor  its  improvement,  to  which  a  seiies  of  impor- 
tant reports  is  added  a.s  appendixes  A,  B,  C,  D,  B,  F,  G,  H,  I,  J,  K,  L, 
M,  N,  O,  P,  and  Q,  in  evidence  of  facts  aud  opinions. 
Very  respectfully,  your  obedient  servant, 

J.  H.  Simpson, 

Colonel  of  Engineer  a. 

Brig.  Gea.  A.  A.  Humphreys, 

Chief  of  Engineers^  U,  8.  A. 

*  Memoir  and  appendixes  printed  in  Senate  Ex.  Due.  No.  ^4^,  Forty  -sixth  Congress 
second  seetuon. 
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survey  of  alton  harbor,  illinois. 

Engineer  Office,  United  States  Arm^',  ' 

Saint  Louis^  Mo,j  February  9,  1880. 

General  :  I  have  the  honor  to  ti'ansmit  herewith  a  tracing  of  the 
map  of  Alton  Harbor,  on  a  scale  of  bd'^jo,  made  in  accordance  with  the 

river  and  harbor  act  of  March  3, 1879. 

•  •••••• 

The  selection  of  the  best  plan  for  the  "improvements  proper  to  be 
made "  at  this  locality  being  a  problem  of  considerable  importance,  a 
Board,  consisting  of  Capt.  O.  H.  Ernst,  Corps  of  Engineers,  Mr.  B.  E. 
McMath,  assistant  engineer,  and  Mr.  D.  M.  Carrie,  assistant  engineer, 
was  convened  by  me  and  ordered  to  examine  and  report  npon  the  sab- 
ject.  The  conclusions  of  the  Board,  whose  report  is  appended,  meet  with 
my  approval. 

The  plan  proposed  is  to  build  a  dike  beginning  at  the  point  A,  on  the 
Missouri  shore,  about  1^  miles  above  the  present  dam  across  Alton 
Slough,  and  running  diagonally  downstream  to  the  point  B,  a  distance 
of  about  4,800  feet,  here  making  an  angle  of  10  degrees,  and  running 
hence  nearly  parallel  to  the  Illinois  shore  towards  C,  as  far  as  may  be 
necessary ;  the  top  of  the  dike  to  be  14  feet  above  low-water ;  lines  of 
hurdles  to  connect  it  with  the  Missouri  shore  at  intervals  of  400  feet. 

Only  the  portion  from  A  to  B  is  to  be  built  the  first  year,  the  esti- 
mated cost  of  which  is  C39,000.  As  the  shoal  yields  to  the  eroding  action 
of  the  currents,  it  may  be  extended.  The  amount  of  extension  that  will 
be  required  is  uncertain,  but  its  extreme  limit  will  be  3,000  feet,  the  esti- 
mated cost  of  which  is  $32,000.  The  total  estimated  cost  of  the  works 
completed  is,  therefore,  $71,000,  of  which  $39,000  may  be  advantageously 
expended  the  first  year. 

I  regard  the  improvement  as  of  value  in  the  interests  of  general  navi- 
gation, and  the  appropriation  of  the  amount  required  for  the  puri>ose  is 
recommended. 

Very  respectfully,  your  obedient  servant, 

J.  H.  Simpson, 

Brig.  Gen.  H.  G.  Wright,  Colonel  of  Engineer's. 

Chief  of  Engineers^  U.  S.  A. 


report  of  board  of  engineers. 

Engineer  Office,  United  States  Army, 

Saint  Louhj  Mo.,  January  27,  1880. 

Colonel:  Tbe  Board  convened  by  your  order  of  the  24th  instant  to  ^^ examine  aj^^ 
report  upon  the  best  plan  of  improving  Alton  Harbor,"  have  carefully  considered  tM^  -- 
auDject, .and  now  respectfully  submit  tneir  conclusions. 

In  selecting  a  plan  of  improvement,  the  Board  have  been  governed  by  the  foUowin^ 
general  principles :  The  works  of  improvement  should  l>e  so  located  that  they  wkt     ^ 
probably  harmonize  with  anv  plans  which  may  in  the  future  be  adopted  for  the  riv»     ^ 
above.    The  improvement  ot  Alton  Harl)or  requires,  first,  the  removal  of  the  shoal  r_ 
front  of  the  present  city  landing,  and,  second,  providing  a  convenient  landing  on  tl^ 
Missouri  shore  for  the  Alton  ferry. 

The  shoal  in  firont  of  the  landing  at  Alton  is  the  natural  result  of  the  direction 
approach  of  the  channel,  and  the  object  of  the  works  of  improvement  should  be  ^ 
so  direct  the  channel  that  it  will  attack  the  shoal  and  flow  more  nearly  parallel  to  tP" 
city  front. 

FoUowiug  these  principles,  it  is  the  opinion  of  the  Board  that  the  best  plan  for  ii 
proving  Alton  Harbor  is  to  construct  a  dike,  beginning  at  a  point  on  the  Mi««oi— ^^ 
shore  about  H  mile«  above  the  dam  across  Alton  Slough,  and  running  diagonally  dov^^- 
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distance  of  about  4,800  feet,  to  a  point  near  the  foot  of  the  ^reat  bar  shown 

the  northern  part  of  Alton,  and  aboat  1,300  feet  from  the  niinois  shore,  here 
a  small  angle,  and  running  hence  nearly  parallel  to  the  Illinois  shore  as  far 
>e  necessary  ;  the  reference  of  the  top  of  the  dike  to  be  (96)  or  about  14  feet 
w-water. 

ike  collecting  all  the  waste  water  of  the  river  at  stages  below  14  feet,  as  in  a 
md  discharging  it  against  the  main  channel  as  it  passes  down  the  Illinois 
ill  tend  to  divert  that  channel  while  not  coming  in  contact  with  it  itself.  It 
t  first  be  built  only  as  far  as  the  an^le  4,800  feet  from  the  point  of  beginning, 
iterwards  be  extended  in  the  new  direction  as  the  shoal  yields  to  the  eroding 
f  the  current  as  far  as  may  be  required.  The  extreme  limit  of  this  extension 
3,000  feet,  and  that  length  is  estimated  for,  though  it  is  not  probable  that  it 
leoessary  to  extend  it  more  than  half  that  distance,  if  so  far. 
I  dike  progresses  it  will  be  connected  at  intervals  of  400  feet  with  the  Missouri 

lines  of  hurdles  running  perpendicular  to  it,  and  built  to  a  reference  (97). 
1  landing  is  provided  for  the  Alton  ferry,  iust  above  the  initial  point  of  the 
I  is  somewhat  farther  from  Alton  than  the  landing,  which  is  now  used  at  low 
tut  it  is  near  the  landing  which  the  ferry  now  uses  at  high  stages, 
iparing  the  estimate  of  cost  the  Board  has  thought  best  to  assume  as  a  basis 
f  construction,  the  success  of  which  is  tolerably  certain — ^that  is,  for  the  main 
lid  structure.  It  is  unanimously  of  the  opinion,  however,  that  some  form  of  open 
tion,  such  as  hurdles  or  buoyed  curtains,  should  be  experimentally  tried  in 
t  of  the  dike  which  is  to  be  built  in  the  water.  Such  work  has  never  been 
I  upon  the  Upper  Mississippi,  and  should  be  tried.  It  is  not  so  promising 
below  the  mouth  of  the  Missouri,  where  it  seems  to  be  succeeding.  Accord- 
B  form  of  construction  adopted  as  a  basis  for  the  estimate  is,  for  that  part  of 

built  in  the  water,  tiers  of  brush  mattresses  loaded  with  stone,  built  up  to 
er  mark,  and  above  that  level  two  rows  of  piles  lined  with  boards  and  filled 
sand ;  for  the  part  built  wholly  upon  the  dry  sand-bar  a  bank  of  sand  10  feet 

top,  with  side  slopes  of  |,  faced  with  stone  laid  on  by  hand  on  the  top  and 
and  with  a  thatching  of  brush  on  the  inside,  and  it«  foot  protected  on  the 
side  by  a  brush  apron  50  feet  wide, 
oard  has  no  doubt  of  the  l>eneficial  effect  of  the  hurdler  which  are  to  connect 

with  the  shore.    The  estimate  is  as  follows : 

►r  part  above  angle : 

wat^r  2,100  feet,  at  $6 $12,600  00 

15  cubic  yards  sand,  at  15  cents . .  .$0  75  ^ 
^0  cubic  yards  stone,  at  $1.25 1  12^  |  2,700  ft., 
i  cord  brush  made  into  apron,  }       at 

at  $1.50 37         $2.30^.       6,223  50 

i^  i*j,  cord  bnish  as  thatch,  at  $1 OtJ  J 

2  30i 
g  IC,395  feet,  most  of  it  on  dry  bar,  at  75  cent;* 12, 296  25 

31, 119  75 
encies,  about  25  per  cent 7, 880  25 

39, 000  00 
w  pari  below  angle : 

water,  3,000  feet,  at  $6 *. 18,000  00 

,9,420feet,  at  80  cent« 7,536  00 

25,536  00 
encies,  about  25  per  cent 6, 464  00 

32,000  00 

>talfor  the  works  completed 71,000  00 

I  $39,000  can  be  advantageously  expended  the  first  year. 
>ectfully  submitted. 

D.  M.  CURRIE, 

A89i9tant  Enginr4!r. 
BoBT.  £.  McMath, 

Aa^tant  Engineer, 
O.  H.  Ernst, 
H.  Simpson,  Captain  of  Engineers. 

nrp$  of  Engineers,  U,  S.  A. 

ved.  Jk  H.  Simpson, 

Col.  Engineers  and  Bvi.  Brig.  Gen.,  V»  S»  A, 
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survey  of  the  mississippi  river  opposite  the  mouth  of  the 

missouri. 

Engineer  Office,  United  States  Army, 

Saint  Louis,  Md,j  March  25,  1880. 

General  :  I  have  the  hoDor  to  transmit  herewith  a  map,  iix>on  a  scale 
of  1  inch  to  1,000  feet,  of  the  ^'Mississippi  Eiver  opposite  the  month  of 
the  Missonri."  made  in  accordance  with  the  provision  of  the  river  and 
harbor  act  oi  March  3, 1879,  by  my  assistant,  Mr.  P.  C,  F.  West. 

To  show  the  changes  that  have  been  going  on  at  this  locality,  I  have 
had  represented  in  broken  lines  the  shore  lines  as  they  were  foond  by 
the  survey  of  1870. 

Immediately  opposite  the  mouth  of  the  Missouri  the  bank  remained 
where  it  had  been  nine  years  before.  This  interesting  fact  is  explained  by 
the  woods  growing  there.  The  greater  stability  of  the  bank  stocked 
with  trees  over  those  cleared  for  cultivation  is  observable  everywhere 
along  the  river,  and  it  furnishes  a  reason  why  the  navigation  has  been 
steadily  deteriorating. 

Just  above  the  mouth  a  strip  of  land  about  11,000  feet  long  has  been^ 
washed  away  to  an  average  width  of  about  325  feet,  and  below  Vcl^ 
mouth  a  strip  about  12,000  feet  long  to  an  average  width  of  about  67^ 
feet    About  265  acres  of  good  arable  land  has  therefore  been  caam»^ 
away.    Estimating  this  land  to  be  worth  $50  per  acre,  the  value  of  tk^ 
property  destroyed  in  the  nine  years  is  about  $13,250,  which  is  a^ci 
average  of  $1,472  per  year. 

The  obvious  means  of  preventing  this  loss  is  to  revet  the  bank.  Abois^'t 
23,000  feet  of  bank  would  require  protection,  which,  at  $6  per  foot,  woul  ^k1 
cost  $138,000.  The  annual  interest  upon  that  sum,  at  4  per  cent.,  woa^-^ 
be  $5,520,  which  is  more  than  three  times  the  present  annual  loss. 

In  the  interest  of  the  general  navigation  no  improvements  are  ^^  prop^^ 
to  be  made"  until  the  Missouri  iteelf  shall  have  been  permanentA^y 
rectified  and  have  received  a  permanent  mouth.  Bank  revetments  a^r-e 
undoubtedly  beneficial  to  navigation  by  cutting  off  the  supply  of  chai 
nel-choking  material,  but  their  cost  is  so  great  that  they  should  be  co-^ 
atructed  only  at  those  places  where  the  river  is  to  be  hdld  permaneati. 
To  stop  its  inroads  in  one  direction,  leaving  it  free  to  alter  its 
in  the  opposite  direction,  cannot  be  regarded  as  judicious.  A  revi 
ment  opposite  the  present  mouth  of  the  Missouri  might  very  easily 
itself  in  a  few  years  at  a  distance  from  the  river. 

The  mouth  of  the  Missouri  is  now  2  miles  south  of  the  position  it  hcjim    Id 
in  1870.    In  the  mean  time  it  has  been  still  farther  south,  and  it 


now  to  be  moving  northward.  Works  to  give  a  permanent  mouth  to 
the  Missouri  could  not  be  undertaken  before  that  river  had  been  rectifi  -^ 
for  a  considerable  distance  above.  Tlie  latter  not  having  yet  been  pi 
iected,  it  is  jHremature  to  discuss  the  former. 

Very  respectfully,  your  obedient  servant, 

J.  H.  Simpson, 

Colonel  of  Engineers  — 
Brig.  Gen.  H.  G.  Wright, 

Chief  of  Engineers,  U,  S.  A. 
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KKHOYING  SNAOS  AND  WHEOKS  FBOM  THE  MISSISSIPFI,  HISSOUBI,  AND 
AKKAKSAS  BIYSBS— ^UBTEYS  AND  fitfPBOTBMENTS  AT  YABIOUS 
POIHTB  ON  HISSOXJBI  BIYEB — SUBTBY  OF  MISSOUBI  BIYEB  FBOM 
ITS  MOUTH  TO    SIOUX    CITY — ^IMPBOVEMENT  OF    ABKANSAS  BIVBB. 


bbpomt  of  major  charles  r.  suter.  corps  of  engineers,  officer 
in  charge,  for  the  fiscal  year  ending  june  30, 1880,  with  other 
documents  relating  to  the  works. 

Umted  States  Enoineeb  Office,. 
Saint  Louis,  Mo.j  BepUmber  10, 1880. 

QxNBBAL. :  I  have  the  honor  to  submit  herewith  my  annual  report 
mp^n  the  operations  committed  to  my  charge  during  the  fiscal  year  end- 
iMg  June  SO  J 1880. 

I  am,  general,  yery  respectfully,  your  obedient  servant, 

Ohas.  B.  Suteb, 


Brig.  Gen.  H.  G.  Weight, 

Chief  of  SngineerSj  U.  8.  A. 


M^or  of  Engineers 


Q  I. 

BEMOVINO  SNAGS  AND  WBECKS  FBOM  THE  MISSISSIPPI,  MISSOURI,  AND 

ARKANSAS  RIYBBS. 

During  the  past  season  three  snag-boats  were  employed,  viz,  the  J. 

2^.  Macomb* and  B.  £.  De  Bussy  in  the  Mississippi  and  Missouri,  and 

the  G.  B.  Beese  in  Arkansas  Biver.    Twelve  months'  snag-boat  work 

was  accomplished,  distributed  as  follows,  viz :  Mississippi  Biver  six 

months,  Missouri  Biver  two  months,  Arkansas  Biver  four  months.    This 

time  was  well  expended,  all  the  boats  worked  very  industriously,  and, 

as  tilie  Mississippi  work  was  done  at  a  very  low  stage  of  the  riven  it  was 

of  great  value.    The  work  in  Arkansas  Biver  was  also  very  satisfactory, 

though  the  backwater  from  the  Mississippi  covered  up  most  of  the  snags 

in  the  lower  portion  of  the  stream.    The  Missouri  was  so  low  that  we 

were  unable  to  do  as  much  work  as  had  been  intended. 

f 

MISSISSIPPI  BIVER. 

Work  on  this  stream  extended  from  the  mouth  of  the  Missouri  to  the 
head  of  Deadman's  Bend,  a  distance  of  1,000  miles.  The  snag-boat 
De  Bussy  left  Mound  City,  111.,  August  16, 1^79.  and  worked  up  to  Saint 
LeuiB,  which  point  was  reached  August  28.    Sue  then  worked  for  about 

1401 


1402  REPORT  OF  THE  CHIEF  OF  ENGINEERS,  U.  8.  ARMY. 

a  week  in  the'Missouri  River  near  its  mouthy  after  which  work  waa  re- 
sumed in  the  Mississippi.    The  boat  passed  three  times  over  the  rives 
between  Cairo  and  Saint  Louis,  and  on  October  13  started  from  Oairot;^ 
work  in  the  lower  river.    By  Kovember  1  she  had  reached  Longw(0<i 
Landing,  where,  being  relieved  by  the  Macomb,  she  worked  back  t:^^ 
Cairo  and  was  laid  up  at  Mound  City,  111.,  December  6, 1879. 

The  snag-boat  Macomb,  which  had  been  detailed  to  the  Missoojsrv 
Eiver  in  the  early  part  of  the  season,  began  operations  in  the  MissL^i 
sippi  October  7, 1879.    She  worked  three  times  over  the  river  belwcDg  i  n 
Cairo  and  Saint  Louis,  and  November  4  started  for  the  lower  rive^^^i. 
She  worked  down  as  far  as  Deadman's  Bend,  and  turned  back  from  th^^t 
point  November  18.    The  boat  reached  Cairo  December  2,  and  was  lax — * 
up  at  Mound  City,  HI.,  December  6,  1879.  . 

January  28, 1880,  she  again  started  out  and  worked  up  to  Saint  Lou^^s 
and  back,  being  laid  up  for  the  season  February  14,  1880. 


L*^^ 
l^^ 


Table  of  work  done  in  the  Mississippi  River, 


Name  of  beat. 


K.  E.  De  RuBsy 
J.  N.  Maoomb  . 

Total.... 


p 

OD     . 
It 

a 

s 
'A 


1«133 
389 


1,522 


o 


27.458.6 
4,349.7 


31,80a3 


MISSOURI  £IVER. 

The  snag-boat  Macomb  left  Mound  City  August  10, 1879,  and  entered 
the  Missouri  River  August  14.  By  September  10  she  had  worked  up  to 
Lexington  Bar,  317  miles  from  the  mouth,  from  which  point  she  turned 
back  and  left  the  River  October  3,  to  work  in  the  Mississippi.  In  addi- 
tion to  this  the  Dc  Russy  did  about  a  week's  work  near  the  mouth  of  the 
river  in  the  beginning  of  September. 


Table  of  work  done  in  the  Missowi  River, 


Name  of  boat. 


J.  K.  Macomb . 
R.  E.  De  Russy 

Total.... 


1  « 

1   X  . 

.  a 

s 

>Z5 

o 

4, 181. 8 
1,964.8 

Number  of  trees 
cut. 

Number  of  drift- 
piles  removed. 

t 

a 

a 

723 
09 

196 

6* 

MS 
«5 

792 

6,146.6 

204 

6 

963 

ARKANSAS  RIVER. 

Work  on  this  stream  extended  from  the  mouth  to  the  head  of  Trustee 
Bend,  a  distance  of  500  miles. 

The  new  stem-wheel  snag-boat  Chauncey  B.  Reese,  having  been  com- 
pleted, left  Mound  City,  111.,  for  Arkansas  River  January  2, 1880.    She 
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jr<eached  the  mouth  and  began  work  January  7.  After  passing  several 
tMme9  over  the  river  between  Little  Bock  and  the  mouth,  she  began  work 
iKarch  4  above  Little  Eock.  By  the  16th  she  had  reached  Trustee  Bend, 
£coin  which  point  she  turned  back.  She  left  Arkansas  River  April  12 
sftAd  returned  to  Mound  City,  EL,  where  she  wa«  laid  up  May  6, 1880. 

Table  of  work  done  in  the  Arkansas  River. 


Xame  of  boat. 


& 

eS 
g 


o  s> 
.a  0« 


o 


•9S, 


B.Ree«e. 


750 


15, 212.  7 


S 


i 


488 


is '8 

^  s 
©a 

IS 


19 


OB 

a 


o  a 


1,M2 


^<!afii^»2a^ii  o/  uwrk  done  during  the  fiscal  year  ending  June  30,  1879. 


Name  of  river. 


ToUl. 


a 

« 

O  S 

B 

0 


1,522 
792 
750 


3,064 


o 


31,  808. 3 

6, 146. 6 

15, 212. 7 


53, 167. 6 


.2 


|Z5 


660 
204 
488 


1,  352 


«  . 

s 

S'2 

a 

<tsS 

(.x     . 

og 

o  a 

^t 

fe  2 

^S 

^ 

a 

^ 

>5 

19 

6 

19 


44 


4.466 

063 

1,962 


7,3»l 


OBSBBVATIONS  AND  SURVEYS. 

Under  the  instructions  of  the  department  the  field-work  of  the  par- 
ties engaged  on  this  work  was  closed  up  June  25, 1879,  and  the  results 
of  the  various  observations  were  turned  over  to  Col.  Z.  B.  Tower,  Corps 
of  Engineers. 

CONSTRUCTION  OF  NEW  SNAaBOATS. 


Work  upon  the  iron-hulled  boats  to  carry  the  machinery  of  two  of 
the  old  wooden  ones  was  in  progress  during  the  season.  One  boat,  the 
Chauncey  B.  Beese,  was  completed  at  the  end  of  December,  and  sent 
at  once  to  the  Arkansas  River.  Her  work  there  was  of  the  most  satis- 
Dftctory  character,  and  the  boat;  seems  well  adapted  to  work  on  the 
smaller  streams.  She  is  a  stem-wheel  steamer  170  feet  long  and  36  feet 
beam.  Her  draught  at  stern,  loaded,  is  28  inches ;  at  bow,  20  inches ; 
mean  draught,  24  inches.  She  has  for  snagging  purposes  four  steam 
capstans,  a  pair  of  heavy  iron  shears,  and  a  sweep-chain,  while  her  bow 
and  deck  are  suitably  shaped  and  constructed  to  enable  snags  to  be 
pulled  in  on  deck  and  cut  up. 

A  large  force-pump  was  successfully  used  for  loosening  up  logs  and 
snags  imbedded  in  the  sand.  Dynamite  was  also  tried  for  this  and 
other  purposes,  but  without  marked  results. 

The  hull  of  the  large  side-wheel  snagboat  Horatio  G.  Wright  was 
well  advanced  towards  completion,  but  the  exhaustion  of  the  appropria- 
tion compelled  a  susi)ension  of  operations  in  the  early  winter.    A  few 
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mouths'  work  will  complete  this  fine  vessel,  aud  it  is  expected  that  she 
will  take  the  field  in  the  fall. 

When  this  boat  is  completed  the  work  will  be  fairly  equipped  with 
large  boats,  and  the  Beese  will  probably  be  sufficient  to  take  care  of 
Arkansas  Eiver,  but  there  is  still  great  need  of  a  boat  of  medium  size 
which  can  be  used  at  all  seasons  in  the  Missouri  Biver.  For  such  a  boat 
we  have  the  machinery  on  hand,  and  estimates  for  an  iron  hull  are  sub- 
mitted herewith.  It  is  intended  during  the  present  season  to  put  a 
wrecking  outfit  on  the  wooden  snagboat  De  Eussy,  and  keep  her  at 
that  special  work  hereafter. 

The  boat  is  old  and  requires  extensive  repairs  to  properly  fit  her  for 
this  work,  and  estimates  for  the  purpose  are  submitted. 

OPERATIONS  FOR  THE  COMING  SEASON. 

The  plans  submitted  to  you  contemplate  the  completion  of  the  snag- 
boat  Wright  and  current  repairs  to  the  balance  of  the  fieet,  together 
with  such  snagboat  work   as  the  ^nds  available  will  justify.    It  i% 
thought  that  thirty -one  months'  work  can  be  accomplished,  distributed 
as  foUows,  viz : 


Mississippi  River V^ 

Miasoiin  Kiver ""7 

Arkansas  River :i 

Total :::3i 

The  "work  is  situated  in  the  collection  district  of  New  Orleans. 

The  amount  of  revenue  collected  at  the  port  of  Saint  Loois,  Mo.,  daring  tlit  fiK*-   -%] 
year  ending  June  30,  1880,  was  $1,176,009.57. 
The  commerce  benefited  by  the  work  is  that  of  the  entire  Mississippi  YaUej. 

ESTIMATE  OF  AMOUNT  REQUIRED  FOR  FISCAL  TEAR  ENDING  J  ONE  90,  1802. 

For  building  one  small  iron-hulled  snagboat  to  carry  machinery  of  one  of 

present  wooden  boats $105,000       ^ 

For  repairing  one  woo<len  snagboat  and  fitting  it  up  for  wreckmg  pur- 

For  working  expenses  of  ^ve  boats,  ten  months  each,  at  $4,000  per 
month...:..... ! .!?.....:..    200,  $00       -W 

Total ^5,000         •• 

Money  statement 

July  1,  1879,  amount  available $153,831  06 

Amount  appropriated  by  act  approved  June  14,  1880 300, 000  00  ^ 

$353,831  ^ 

July  1,  1880,  amount  expended  during  fiscal  year 150, 963 


July  1,  1880,  amount  available ,. 302,867 

Amount  that  can  be  profitably  expended  in  fiscal  year  ending  June  30, 1882.     355, 000 


2t< 

n 


Q   2. 

IMPROVEMENT  OF  MISSOURI  RIVER  AT  SAINT  CHARLES,  MI6BOURI. 

Plans  and  estimates  for  the  improvement  of  the  Missouri  Eiver  at  ^^ 
point  were  submitted  to  you  under  date  of  January  2, 1879.  This  vepor^ 
was  published  as  House  Ex.  Doc.  No.  60,  Forty-fifth  Congress,  third 
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aession.  and  was  reprmted'as  Appendix  O  17  to  the  Aimual  Report  of 
the  Ohief  of  Bngineers  for  1879. 

Congress,  by  act  approved  June  14, 1880^  appropriated  $25,000  for  this 
work,  which  daring  the  present  season  will  be  taken  in  hand  and  pros- 
ecuted in  accordance  with  the  plan  proposed. 

Tlie  wosk  is  situated  in  the  collection  district  of  New  Orleans,  and  the  nearest  i>ort 
of  delivery  is  Saint  Louis.  Mo.    The  nearest  fort  is  at  Leavenworth,  Kans. 

Amount  of  revenue  collected  at  the  port  of  Saint  Louis,  Mo.,  during  the  fiscal  year 
ending  June  30,  18«0,  was  11,176,009.57. 

Money  statement 

Amount  appropriated  by  act  approved  June  14,  1880 $25,000  00 

Jntj  1,  1880,  amount  available 2.5,000  00 

AiBonnt  (eetimated)  required  for  completion  of  existing  project 55, 000  00 

Amoftnt  that  can  be  profitably  expended  In  fiscal  year  euding  June  30, 1882 .     55, 000  00 


Q  3. 

IMPROVEMENT  OF  MISSOURI  RIVER  AT  CEDAR  CITY,  MISSOURI. 

At  the  date  of  my  last  report  work  was  in  progress  on  a  mattress 
reyetment  along  the  front  of  Cedar  City  and  on  a  floating  brash  dtice 
^iesi^ed  to  throw  the  river  out  of  Cedar  City  Bend.  This  work  was 
continaed  as  far  as  the  small  appropriation  would  allow,  a  total  of  1,100 
feet  of  revetment  being  built  and  1,900  feet  of  brush  dike.  The  brush 
4iike  was  only  partially  successful ;  the  rest  of  the  work  has,  however, 
stood  well  and  the  general  results  are  satisfactory.  The  works  will  be 
extended  during  the  present  season. 

Assistant  8.  W.  Fox  had  charge  of  the  work,  with  Assistant  T.  C. 
Bradley  as  local  engineer. 

The  work  is  situated  in  the  collection  district  of  New  Orleans,  aud  the  nearest  port 
4>f  delivery  is  Saint  Louis.  Mo.    The  nearest  fort  is^t  Leavenworth,  Kans. 

Amount  of  revenue  collected  at  the  port  of  Saint  Louis,  Mo.,  during  the  fiscal  year 
ending  June  30,  1880,  was  $1,176,009.57. 

Money  atatepnent 

Julyl,  l«79,  amount  available $6,316  60 

Anofint  appropriated  by  act  approved  June  14,  1880 15,000  00 

$21, 316  66 

Jaly  1,  18S0,  amount  expended  during  fiscal  year 5, 9$2  trt 

Jalyl,  1880,  amount  available 15,415  97 

Aaovnt  (estimatod)  required  for  completion  of  existing  project 45, 000  0% 

Anoant  that  can  be  profitably  expended  in  fiscal  year  enaing  June  30, 1882.     45, 000  0^ 


RKPORT  OF   MR.    S.    WATKRS   FOX,   ASSISTANT  EXGINEKR. 

Saint  Louis,  July  7,  1880. 

Major  :  I  have  the  honor  to  submit  my  report  of  the  improvement  of  the  Missouri 
River  near  Cedar  City,  Mo.,  for  the  fiscal  year  euding  June  30,  1880. 

At  the  close  of  the  previous  year,  June  30,  1879,  I  submitted  a  report  of  the  work 
lioae  that  year,  a  project  for  the  expenditure  of  the  funds  available  at  that  date,  and 
a  general  plan  ii^ith  eistimates  for  final  improvement  of  the  reach. 

In  accordance  with  the  project  work  was  continued  on  the  weed  dike  commenced 
lasi  year  at  the  head  of  the  bend. 

The  Jooe  rise  greatly  impeded  the  progress  of  the  work.  It  was  not  until  August 
It  tfbat  Ike  dike  was  completed.    The  amount  of  funds  available  al  X\i^  Wnv^  ^«»  «(% 
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smaU  that  field  oi)erations  were  stopped.    The  property  was  invoioed,  and  left  in  1 
care  of  a  watchman  at  Cedar  City.    No  attempt  was  made  to  collect  physical  dat^ 

The  dike  was  obvionsly  desired  to  cause  an  accretion  in  Cedar  Bend,  and  ii3 
mateiy  to  shut  off  its  water  entirely. 

The  weeds  were  anchored  in  double  line  from  the  shore  out  1,200  feet ;  from  theon 
single  line  700  feet  long  was  put  in,  making  an  angle  of  35  degrees  down  stream  wi 
the  former. 

The  style  of  weed  adopted  was  nearly  identical  with  that  described  in  my  repi 
last  year  of  the  improvement  of  the  river  near  Glasgow,  Mo. 

The  number  of  weeds  in  the  dike  was  314,  the  total  cost  of  which  was  $1,545.96, 
$4.92  per  weed  in  place.  A  fill  of  3  feet  was  recorded  August  2,  and  another  of  4. 
feet  August  10 ;  since  then  no  soundings  have  been  taken.  With  the  exception  oi 
shiOlow  thread  of  water,  which  was  at  no  time  entirely  stopped,  the  bend  wae  d 
during  the  low  stage  of  river.  After  having  been  imoedded  in  silt  and  expos 
for  a  length  of  time  to  the  alternate  action  of  sun  and  water,  weeds  are  seldom  a1 
to  rise,  even  if  free  to  do  so  with  a  return  of  high-water.  This  effect  is  therefore  to: 
porary. 

When  I  visit^  the  work  on  the  22d  of  June,  not  5  'per  cent,  of  the  number  of  wee 
put  in  were  visible,  the  water  being  from  2  to  5  feet  over  them.  But  little  dama 
was  being  done,  however,  to  the  bend  below ;  fully  75  per  cent,  of  the  river  pass 
down  the  channel  next  to  the  bluffs  on  the  right  bank. 

In  the  upper  bend  the  left  bank  had  receded  along  its  entire  length,  more  noti< 
ably,  however,  in  the  lower  half.  The  point  at  the  extreme  lower  end  of  the  bei 
wears  rapidly  during  a  high  stage  of  water ;  thus  the  crossing  is  lengthened  smd  t 
pressure  on  the  dike  lessened.  The  increased  pressure  brought  to  bear  upon  the  to' 
head  has  greatly  diminished  its  size. 

The  bar  in  front  of  Jeifcrsou  City,  which  had  been  forming  for  some  time  previo 
to  the  constmction  of  the  dike,  has  disappeared,  so  that  boats  can  land  at  any  d 
sired  point  along  the  town  front.    The  revetment  along  the  left  bank  in  front 
Cedar  City  is  stiU  intact. 

Before  closing  I  wish  to  acknowledge  the  services  of  Mr.  T.  C.  Bradley,  the  assic 
ant,  under  whose  direct  charge  the  work  was  cairied  on.    Much  credit  is  due  to  ki 
.  for  the  intelligence  and  energy  with  which  he  ao<^uitted  himself. 
I  am,  major,  with  great  respect,  your  obedient  servant, 

8.  Watkrb  Fox, 
'  Aatistant  Engm^er. 

Maj.  Chab.  R.  Suteb, 

Corps  of  Engineers  J  U.  8,  A. 


Q4. 
IMPROVEMENT  OF  MISSOURI  RIVER  AT  GLASGOW,  MISSOURI. 

At  the  date  of  my  last  annual  report  a  considerable  amoant  of  woi 
bad  been  already  done  at  thii  place  in  tiie  construction  of  floatii 
brush-dikes  designed  to  force  the  river  channel  away  from  the  rig] 
bank  of  the  bend  above  Glasgow^  Mo.  This  work  was  continued  durii 
the  past  season,  2,385  feet  of  brush  dike  having  been  put  in  and  1,9< 
feet  of  bank  protection  constructed.  The  results  of  this  work  ha' 
been  satisfactory,  and  the  system  will  be  extended  during  the  pre^e 
season.    The  work  was  in  charge  of  Assistant  S.  W.  Fox. 

The  work  is  situated  in  the  collection  district  of  New  Orleans,  and  the  nearest  p< 
of  delivery  is  Saint  Louis,  Mo.    The  nearest  fort  is  at  Leavenworth,  Kans. 

Amount  of  revenue  collected  at  Saint  Louis,  Mo.,  during  fiscal  year  ending  June  [ 
1880,  was  11,176,009.57. 

Money  statemenL 

July  1,  1879,  amount  availahle $9,642  24 

Amount  appropriated  hy  act  approved  June  14,  1880 20, 000  00 

129,642 

July  1,  1880,  amount  expended  during  fiscal  year 8, 632 

July  1,  1880,  amount  availahle 21,009 

Amount  (estimated)  required  for  completion  of  existing  project 98, 000 

Amount  that  can  be  profitably  expended  in  fiscal  year  ending  June  30, 1882 .     96, 000 
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REPORT  OP  MR.   8.    WATERS  FOX,    ASSISTANT  KN6INEKR. 

Saikt  Louib,  July  6,  1880. 

R :  I  have  the  honor  to  submit  my  report  and  the  acoompanyine  map  of  the 

sment  of  the  Miasooii  Hiver  in  the  vicinity  of  Glaagow,  Mo.,  for  the  fiscal  year 

June  30,  18rJ0. 

e  oloee  of  the  previous  year,  June  30,  1879, 1  submitted  a  report  of  the  work 

at  year,  a  project  for  the  expenditure  of  the  funds  available  at  that  date,  and 

al  plan  wiui  estimates  for  the  improvement  of  the  reach  from  Cambridge  jBend 

row. 

A  be  noticed  that  the  project  was  not  strictly  adhered  to,  but  revised  at  times 

the  demands  occasioned  by  a  change  of  regimen. 

ig  the  year  there  was  constructed  2,385  feet  of  weed  dike,  and  1,900  feet  of 
rotection  ;  these  fieures  include  the  repairs  made  to  dikes  across  No.  4,  and  to 
re-bar  protection ;  in  addition  the  railroad  dike  was  repaired. 
Irographical  survey  and  two  shore-line  surveys  of  the  entire  reach  were  made 
tted. 

description  of  the  weeds  I  beg  leave  to  refer  you  to  my  rex)ort  of  last  year. 
»Te  protection  is  described  in  this  report. 

cordance  with  the  project  the  first  work  contemplated  the  completion  of  the 
ike  at  t^e  head  of  Uie  shore  chute.  The  work  was  carried  on  under  special 
ies,  arising  chiefly  from  exposure  to  the  drift  of  the  June  freshet.  When  corn- 
July  9,  the  dike  contained  60  weeds,  anchored  in  double  line  from  the  shore 

out.    In  a  short  time  the  chute  was  practically  closed. 

le  14th  of  July  work  was  commenced  on  the  weed  dike  proposed  for  upper  end 
Diddle  bend.  Ninety-four  weeds  wero  anchored  in  double  line,  from  tne  shore 
feet.  At  this  time  the  current  made  a  long  crossing  from  the  left  bank,  at  a 
early  opposite  Cambridge,  impinging  on  the  right  bank  first  at  a  point  a  short 
3  below  the  location  selected  for  the  root  of  the  dike ;  hero  (and  indeed  for 
;he  entire  length  of  bend)  the  bank  was  caving  rapidly.  From  the  time  t>f  itii 
;ion  to  date,  no  erosion  of  the  right  bank  below  for  a  distance  of  2,000  feet  ban 
d  ;  a  shore  bar  now  extends  from  the  dike  down  about  700  feet, 
e  high-water  passed  off,  it  was  noticed  that  thero  wero  several  broaks  in  the 
3ross  No.  4  chute ;  these  were  repaired,  and  two  auxiliary  dikes  put  in,  one  ax 
er  end  200  feet  long,  and  one  at  the  lower  end  100  feet  long. 

was  then  commenced  at  the  railroad  dike  as  proposed.  Sixty-one  weeds  were 
)d  in  single  line,  extending  from  the  end  of  the  solid  dike.  As  the  river  wa^ 
gh  at  this  date,  it  was  thought  best  to  wait  for  lower  water  beforo  putting  in 
)tment  proposed  for  the  right  bank  below  the  railroad  dike.  On  the  9tn  of 
the  entire  force,  with  the  exception  of  the  watchman,  a  draughtsman,  and  a 
as  discharged.  On  the  14th  of  August  a  cut-ofif  occurred  at  Bushwacker  Bend 
thortened  the  river  5  miles,  the  fall  in  this  distance  being  5.2  feet, 
e  16th  of  August  a  reconnaissance  of  the  entiro  roach  was  made,  and  the  fol- 
notes  taken,  viz : 

surront  no  longer  followed  the  left  bank  of  Cambridge  Bend,  but  made  a 
;  through  the  bar  and  attacked  the  shoro  bar  on  the  right,  some  distance  above 
it  of  Cambridge.  This  was  a  very  desirable  change,  as  it  promised  a  landing 
t>ridge.  The  curront  entered  the  Middle  Bend  in  a  direction  parallel  to  the 
mk,  and  was  doing  little  damage  except  in  the  lower  part  of  tne  bend ;  here 
M>cket  was  out.  The  lower  side  of  the  pocket  is  composed*  largely  of  gumbo, 
lis  the  curront  was  delivered  in  a  direction  compelling  a  short  crossing  to  Har- 
!sland.  This  condition  of  affairs  caused  the  formation  of  the  large  shoro  bar, 
rhich  the  Harrison  Island  shore  line  receded  slowly.     Leaving  the  island, 

short  crossing  was  made,  the  curront  impinging  on  the  shore  bar  about  450 
>ve  the  western  end  of  the  dikes  across  No.  A,    The  dikes  were  in  compara- 
uiet  water,  the  curront  lying  north  of  them  and  running  parallel  to  them. 
B  reaching  the  tow-head  the  curront  divided  and  entered  three  distinct  chan- 
or  convenience  of  roference  I  have  nunfberod  them,  commencing  at  the  left 

ead  of  No.  1  was  quite  shoal  and  very  much  obstructed  by  snags  and  rock 
thero  was  a  heavy  draw  over  to  it,  however,  and  it  is  possible  that  a  prompt 
of  the  obstructions  mentioned  would  have  ron€ered  it  a  navigable  channel, 
was  a  new  feature  in  the  topography  of  the  river,  and  at  that  stage  of  the 
IS  navigable;  at  the  head  there  snowed  a  6-foot  channel,  with  a  bottom  of  com- 
hvel  and  occasional  bowlders. 

was  carrying  60  per  oent.  of  the  river.  Its  channel  hugged  the  eastern  shoro 
ow-head,  and  delivered  the  water  with  a  velocity  of  about  4  miles  per  hour 
the  main  right  bank,  and  in  a  direction  approximating  a  normal  to  its  shore 
kseqnently  Sis  caving  was  heavy.    Below  tkis,  thero  was  no  change  worthy 
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On  the  17th  of  August  the  watchman  reported  a  slide  of  the  bank  immediately  abore 
and  below  the  railroad  dike,  and  that  the  dike  itself  had  settled.  After  a  oW  ex- 
amination, I  attributed  the  trouble  to  reef  action  above  the  dike,  which,  by  causing 
excessive  scour  alons  the  base  on  the  up}>eT  side,  cut  through  the  strs^m  oC  Mne 
clay  or  gumbo  on  which  the  dike  rested,  and  attacked  the  c|nickBand  nnderaastii. 
The  structure  thus  left  without  support  settled,  carrying  with  it  as  much  of  the  bank 
as  adhered  to  it.  By  means  of  bruMi  weighted  with  bass  of  gravel  and  sand  thniwii 
in  above  and  below,  the  scour  was  stopped,  but  not  vami  the  dike  had  settled  4  fiBd 
In  the  mean  time  the  river  was  encroaching  on  the  shore  bar  at  head  of  No.  4,  and  it 
became  necessary  to  protect  it. 

It  would  have  been  advisable  to  have  revetted  it  at  once  with  brush-mattress  work, 
but  this  method  could  not  be  entertained  at  the  time,  as  it  woold  have  drawn  too 
heavily  on  the  allotment  for  the  revetment  pvoposed  tor  the  right  bank  below  the 
railroad  dike.    The  following  method  was  adopted  as  an  expedient,  viz : 

Large  bundles  of  dogwood  brush  were  sunk  alons  the  line  of  the  old  shore,  the  top 
being  free  and  lapping  each  other ;  simO«r  lines  or  brush  were  ran  out  to  this  fron 
several  points  on  shore,  thus  forming  a  sort  of  hurdle  system. 

During  the  progress  of  the  work,  as  an  experiment,  I  had  made  900  feet  of  cnrtsiD 
(identical  in  construction  with  the  willow  curtain  described,  and  used  first  by  Mr.  L.  L 
Cooley,  assistant  in  charge  at  Nebraska  City) ;  this  was  cut  in  lengths  of  30  feet,  wd 
put  in  as  a  revetment  at  the  upper  end  of  the  hurdle  work  just  described.  This  work 
was  completed  August  24.  At  that  date.  No.  4  was  silting  nip  very  rapidly,  and  reve^ 
ment-  seemed  unnecessary,,  as  far  down  as  the  point  where  the  current  from  No.  3 
in^>inged  on  the  right  bank ;  here  and  for  some  distance  below,  as  already  stated, 
the  caving  was  heavy.  To  hold  a  bank  successfully  under  such  conditions  as  obtamed 
here  would  require  a  revetment  that  would  follow  the  scour  to  its  last  limit  if  neoee- 
sary. 

With  the  hope  of  avoiding  so  expensive  a  revetment,  it  was  thought  advisable  to 
construct  a  weed  dike  at  tlie  head  of  No.  3,  that  would  thr^w  the  channel  fortker 
down,  if  not  entirely  out  of  the  chut«.  About  300  feet  of  the  dike  had  been  completed 
when  orders  were  received  to  suspend.  /   , 

On  the  22d  September,  the  property  was  taken  to  Glasgow,  and  an  inventory  made; 
the  boats  were  hauled  out  on  the  bank  and  covered,  and  the  smaller  articles  stored 
in  a  warehouse. 

On  the  26th  a  shore-Hue  survey  of  the  reach  was  commenced.  It  was  finished  o^ 
the  29th.  On  the  25th  of  October  a  break  occurred  at  the  upper  end  of  the  shore  b^ 
protection,  and  by  the  1st  of  November  nearly  all  of  the  work  had  been  carried  aws^' 
On  the  3d  of  November  preparations  were  commenced  for  revetting  the  bar  with  co^ 
tains.    The  method  of  construction  was  as  follows,  viz : 

Willow  brush  was  selected  of  lengths  not  less  than  35  feet,  and  from  2  to  4  inches 
the  butts.    Seven  (men)  weavers,  provided  each  with  two  shuttles  of  No.  11  wire, 
distributed  along  the  length  of  the  brush  at  distances  of  about  4  feet.    The  wire  fro: 
each  buttle  being  made  last  to  the  first  brush,  one  of  each  pair  was  laid  back  from  tkm-^ 
weaver,  and  the  other  retained  in  the  hand ;  a  second  willow  was  then  laid  on  '*  ^^ 
wire  parallel  to  the  first  and  pressed  close  to  it ;  the  shuttle  held  in  the  hand  was  1 
laid  back  from  the  weaver  and  the  other  taken  up,  when  a  third  willow  was  laid 
and  the  operation  repeated.    Thus  the  wire  firem  each  shuttle  passed  alternately  ov 
one  brush  and  under  the  next.    When  five  pieces  had  thns  been  woven  in,  a  o' 
twist  of  about  3  inches  was  made  by  a  rapid  exchan|^e  of  shuttles  from  one  hand  U^ 
the  other.    The  weavers  receded  from  the  start  in  straight  lines  parallel  to  each  otiher. 
They  were  made  on  the  ground  where  the  brush  was  cut,  and  rolled  np  in  len^^ths  of^ 
75  feet,  this  being  as  large  as  could  be  conveniently  handled.    Seven  weavers  with  one 
helper  will  weave  15,000  square  feet  per  day  of  ten  hours.    Six  of  these  rolls  were 
made  and  taken  to  the  upper  end  of  the  caving  bar  and  unrolled  on  the  water ;  they 
were  then  floated  into  position  and  linked  together  so  as  to  form  a  continuous  revetment, 
the  brush  lying  normal  to  the  shore  line.    After  the  upper  end  had  been  well  loaded 
and  sunk,  it  required  very  little  additional  weight  to  bring  the  entire  length  in  contact 
with  the  bottom.  • 

On  November  11  the  river  commenced  to  rise,  and  in  a  few  days  was  7  feet  over  the 
shore  edge  of  the  revetment. 

The  work  was  visited  November  20.  The  revetment  was  intact,  but  the  hiffh-wat«r 
had  cut  a  bench  back  over  it  fh  places  25  feet.  About  275  feet  of  the  old  dike  aeroes 
No.  4  had  been  entirely  washed  out.  A  strong  current  was  running  through  the  gap 
and  had  already  scourod  out  a  considerable  channel  through  the  deposit.  XnstrDc- 
tions  were  received  to  continue  the  revetment  to  the  old  line  of  dike,  and  to  olooe  the 
ffap  with  curtains.  Accordingly  600  feet  of  revetment  and  485  feet  of  curtain  dike 
put  in.  The  revetment  was  constructed  in  the  same  manner  as  that  just  dee^ 
The  curtains  for  the  dike  differed  from  those  of  the  revetment  only  in  that  the 
\?as  woven  from  6  to  10  inches  apart,  the  wire  being  twisted  between  each  hraah 
They  were  anchored  in  lengths  of  75  feet,  the  height  of  the  curtain  being  the 
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the  bmsh.    The  floats  were  water-tight  hoxes  1  foot  X  1  foot  X  5  feet.    The  anchors 
re  crates  of  willow  filled  with  broken  rock.    This  was  the  last  work  done, 
[n  December  and  early  January  chute  No.  4  was  dry ;  No.  3  was  very  shoal ;  while 
.  2  was  carrying  fi  om  65  to  70  per  cent,  of  the  water.     Soundings  showed  a  scour 
its  head  of  6  to  9  teet. 

Jane  17,  the  reach  was  visited  and  the  following  noted,  viz:  The  right  bank  in  front 
Cambridge  had  worn  back  within  a  few  feet  of  the  old  city  wharf  lauding.  A 
Msing  was  made  from  the  wharf  to  the  left  bank  at  the  head  of  Harrison's  Island 
iat«,  where  some  cutting  was  taking  pla«e.  I'Yom  a  ]>oint  nearly  opposite  the  dike 
the  middle  bend,  the  current  divided  and  entered  two  channels ;  one  hugging  the 
i>re  line  of  the  right  bank,  the  other  shaping  around  next  to  the  island.  The  two 
liting  affain  at  the  lower  end  of  the  bend,  and  here  the  right  bank  was  cutting  rapidly, 
msiderable  water  was  mnning  in  No.  4  through  a  break  at  the  lower  end  of  the  dike, 
le  shore  protection  was  intact;  No.  3  was  quite  shoal,  but  was  evidently  scouring  out. 
>.  2  was  carrying  the  most  water. 

The  gear's  work  has  afforded  opportunity  for  the  study  of  the  merits  of  individual 
»eds-ur  permeable  dikes.    The  results  obtained  froiti  weeds  of  the  Brownlow  type 
ore  never  complete,  and  always  tf'mporary.     In  a  dike  constructed  of  them  there  will 
loessarily  be  large  openings  between  the  weeds  (especially  near  the  bottom)  through 
tiich  water  will  flow  with  disastrous  effect  to  the  accretions  below.    This  action  he- 
mes more  apparent  as  the  branches  of  the  weeds  clog  up  with  rootlets  and  the  usual 
(bris  of  silt-Dearing  rivera.  oftentimes  producing  sufficient  scour  around  the  anchor 
carry  it  and  the  weed  many  feet  out  of  line.     The  continued  motion  (often  one  of 
tation  about  the  core  as  an  axis)  causes  the  loss  of  a  number  of  weeds  by  parting 
e  connection  at  the  anchor.    If  a  float  is  defective,  or  becomes  detached,  the  weed 
which  it  belongs  is  lost.     A  break  in  a  dike  of  this  kind,  if  not  closed  promptly, 
ill  widen. 

The  most  essential  requisition  of  a  permeable  dike  is,  undoubtedly,  homogeneity. 
bis  has  been  nearly  realized  in  the  curtain  dike,  which  is  very  efi'ective. 
It  is  necessary  to  provide  some  means  for  their  support  other  than  floats,  which,  if 
)%  detached  by  drift,  or  made  inefi'ective  through  a  leak,  will  be  dragged  under  in 
me  by  the  pull  on  the  curtain.  A  framing  has  been  suggested  and  will,  I  think,  prove 
'ective. 

The  curtain  revetment  described  has  been  successful,  and  its  use  is  recommended  in 
nilar  cases. 

Since  the  survey  of  the  roach  in  November,  1678,  there  has  occurred  no  change  in  the 
^men  of  the  river  which  would  necessitate  an  important  change  in  the  general 
jject  for  the  improvement  of  it,  as  submitted  to  you  by  Capt.  Thomas  H.  Handbury, 
xps  of  Engineers,  U.  S.  A.,  in  a  report  dat^^d  January  16,  1879. 
rhe  proposed  shore  lines  are  shown  on  a  tracing  which  accompanies  this  report.  In 
lef,  it  is  proposed  to  elfect  a  permanent  shore  line  in  the  upper  portion  of  Cambridge 
nd,  from  which  a  crossing  will  be  made  to  the  blutfs  of  Cambridge,  when  the  cur- 
it  will  be  held  parallel  to  a  revetted  curved  shore  line,  down  to  the  point  where  a 
sond  crossing  will  be  made  to  thw  blnfl's  of  Glasgow. 

It  is  impossible  to  anticipate  with  certainty  the  details  of  construction.  In  general 
rms,  permeable  works  will  be  used  to  rectify  the  shores  to  the  desired  aligment,  when 
^y  will  be  revetted  if  necessary. 

A  Long's  scraper,  or  similar  appliance,  could  be  used  to  advantage  in  such  places  as 
the  heads  of  Nos.  1  and  2,  where  it  is  desirable  to  deepen  the  channel  througn  gravel 
<1  bowlders,  material  too  heavy  to  be  removed  by  any  ordinary  current. 
Before  closing,  I  wish  to  acknowledge  the  valuable  assistance  rendered  by  Messrs. 
mes  Sanderson,  Arthur  J.  Frith,  and  others  of  my  corps  of  assistants. 

I  am,  major,  with  great  respect,  your  obedient  servant, 

8.  Watkrs  Fox, 
Assistant  Engineer, 
Haj.  Cbas.  R.  Suter, 

Corps  of  Engineer Sf  U,  8,  A, 


Q5. 

IMPBOVEMENT  OF  MISSOURI  RIVER  AT  LEXINGTON,  MISSOURI. 

The  situation  at  this  place  is  very  similar  to  many  others  on  the  river 
liere  improvements  are  now  in  progress ;  that  is  to  say,  the  rapid  ero- 
[>Q  of  the  left  bank  in  the  bend  just  above  Lexington  is  allowing  the 
hole  river  to  move  bodily  down  stream,  and  if  not  checked  will  soon 

80  £ 


1410  REPORT  OF  THE  CHIEF  OF  ENGINEERS,  U.  8.  ARMT. 

destroy  entirely  the  harbor  and  boat-landing  at  Lexington.  The  plan 
proposed  contemplates  the  protection  of  caving  banks  by  brash-iuat- 
tress  revetments,  and  the  construction  of  floating  dikes,  designed  and 
located  so  as  to  rectify  the  channel.  The  appropriation  made  by  Con- 
gress at  its  last  session  will  be  expended  in  the  prosecution  of  this  plan. 

The  work  is  situated  in  the  collection  district  of  New  Orleans,  and  the  nearest  port 
of  delivery  is  Saint  Lonis,  Mo.     The  nearest  fort  is  at  Leavenworth,  KaoB. 

Amount  of  revenae  collected  at  the  port  of  Saint  Louis,  Mo.,  dnrlng  the  fiscal  year 
ending  June  30  1880^  was  $1,176,009.57. 

Money  statement 

Amount  appropriated  hy  act  approved  June  14,  1880 $15,»000  00 

July  1,  1880,  aiuonnt  available 15,000  00 

Amount  (estimated )  required  for  completion  of  existing  project 3o,  000  00 

Amount  that  can  he  prohtahly  expend«Hi  in  fiscal  year  ending  June  3<),  1882 .     35, 000  00 


Q  6. 

IMPROVEMENT  OF  MISSOURI  RIVER  AT  KANSAS  CITY,  MISSOURI. 

Work  at  this  point  consisted  in  repairs  of  the  floating  brush  dikes, 
constructed  earlier  in  the  season,  and  in  the  building  of  5,042  feet  of 
bank  revetment  above  the  shore  end  of  the  brush  dike.  These  works 
have  given  satisfaction,  and  will  be  continued  during  the  present  season. 
The  revetment  used  was  very  cheap  and  eflicient;  a  description  will  be 
found  in  the  appended  report  of  Assistant  John  W.  Nier,  who  had  charge 
of  the  work. 

The  work  is  situated  in  the  collection  district  of  New  Orleans,  and  the  nearest  port 
of  delivery  is  Omaha,  Nehr.     The  nearest  fort  is  Leavenworth,  Kans. 

Amount  of  revenue  collected  at  Omaha,  Nehr.,  during  fiscal  year  ending  June 30 
18ti0,  was  $3,605.21. 

Money  statement 

July  1,1879,  amount  available 122,667  53 

Amount  appropriated  by  act  approved  June  14, 1880 25, 000  00 

*^  '  —I $47.667  53 

July  1,  1880,  amount  expended  during  fiscal  year 22, 510  57 

July  1,  1880,  amount  available 25,156  96 

Amount  (estimated)  required  for  completion  of  existing  project 37,810  00 

Amount  that  can  be  profitably  expended  in  fiscal  year  ending  June  30, 1882.  37,  blO  00 


REPORT  OF   MR.   JOHN  W.    NIER,   ASSISTANT  ENGINEER. 

Saint  Louis,  Mo.,  July  5,  It 

Major  :  I  have  the  honor  of  submitting  the  following  report  of  operations  oi 
improvement  of  the  Missouri  River  at  Kansas  City,  Mo.,  for  the  fiscal  year  ei 
June  :M,  1880.    The  work  of  the  past  season  has  been  that  of  completing  the 
dike  in  process  of  construction  at  the  time  of  making  my  last  report,  and  the  r 
ment  of  the  banks  in  Upper  Kaw  River  Bend.     At  the  conclusion  of  this  po' 
of  proposed  improvement,  the  entire  appropriation  made  for  this  work  was  ©^P^^^^j 
and  operations  were  forced  to  a  close  for  the  want  of  funds.     It  is  to  be  regretted^     ^ 
the  amount  available  for  expenditure  on  this  work  was  so  small.  ^^j^ 

The  radical  changes  that  the  Missouri  River  constantly  undergoes  makes  it  ex^^^^J^' 
ingly  difficult  to  locate  with  any  degree  of  permanence  any  construction,  whe^>  ^"^ 
aeanty  f unda  through  necessitv  make  it  very  limited  in  extent.    On  every  imp^^^^ 
ijl^at  of  a  special  reach  on  tne  Miesouri  River,  there  are  oertain  pointu  or  itMoafm 
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stection  from  the  fint  commeiioement  becomes  vital  to  the  plan  or  scheme! 
ch  the  estimates  for  the  cost  of  the  entire  work  is  made.  These  places  are, 
ig  suitably  protected  against  all  ordinary  contingencies  which  may  arise, 
>  the  full  force  of  the  current  striking  them  at  angles,  the  sole  cause  of  which 
^e  in  the  stream  bed  on  some  reach  above  which  has  been  necessarily  neg- 
rongh  a  too  limited  appropriation.  The  succeeding  appropriation  must  then 
in  part,  to  repair  damages  arising  from  floods  and  other  causes,  which  could 
Q  avoided  had  the  work  been  sufficiently  extensive.  The  amount  of  repairs 
iuse  of  the  very  limited  work  put  in  last  season,  has  been  ftmall,  yet  it  has 
cient  to  reduce  the  sum  total  of  work  done  below  that  estimated  as  possible 
amonnt  available  for  such  purpose. 

iect  of  the  short  weed  dike  constructed  last  year  has  been  marked.  Its  effect 
rect  the  current  towards  a  chute  on  the  Kansas  side  of  the  river  through 
ring  the  June  rise  the  main  discharge  of  the  stream  took  place.  The  imme- 
ct  of  this  shifting  of  the  current  was  the  enlargement  of  the  chute  both  by 
I  enieion  of  the  banks  and  bars,  until  a  cut-off  occurred  through  a  largo  island 
D  the  stream  again  shifred  through  the  head  of  the  bar.  This  bar  was  about 
in  length  and  lay  between  the  cnute  and  the  concave  portion  of  Lower  Kaw 
ud,  which  had  previously  been  the  main  channel  prior  to  the  June  rise  of 
le  old  channel  in  the  lower  bend  by  these  changes  became  the  receptacle  for 
mount  of  drift  and  sediment  which  accumulated  so  rapidly  that  the  low- 
pth  waM  reduced  from  30  feet  to  10  feet,  while  it  contracted  irom  1,200  feet  in 
150  feet.  What  was  the  main  channel  of  the  stream,  is  now  nothing  more 
irrow  chute  separated  from  the  new  channel  by  a  large  crescent-shaped  bar. 
June  rise  been  of  the  usual  duration  the  results  of  the  work  would  have  been 
e  beneficial.  These  results,  which  are  directly  attributed  to  a  small  but  effi- 
istniction,  point  to  the  feasibility  of  removing  the  river  from  Lower  Kaw 
nd  and  averting  the  danger  of  a  cut-off  north  of  Kansas  City  Bridge, 
kw  or  Kansas  River,  whose  junction  with  the  Missouri  is  but  Ij  miles  from 
er  Bend,  exerts  a  marked  influence  upon  this  portion  of  the  river.  During 
ler  months  it  is  liable  to  frequent  and  rapid  rises,  caused  by  heavy  local  rains 
I  the  locality  is  noteil.  The  discharge  of  the  stream  at  such  times  is  very 
.  causes  a  backing  up  of  the  waters  of  the  Missouri.  An  iiniuiual  deposit  of 
in  the  Missouri  then  occurs,  which  in  turn  during  declining  staees  is  again 
;>  and  carried  ofl*.  Thitt  action  tends  to  add  to  the  instability  of  the  stream 
v»tiug  the  erosion  of  the  banks. 

ve  at  intelligent  resul  s  in  connection  with  construction  work,  frequent  sur- 
observations  on  its  effects  are  necessary.  These  were  made  as  often  as  desired 
isted  of  two  surveys  extending  from  Quindaro  to  Kansas  City  Bridge,  and 
bservat  ions  on  cross-sections. 

ection  work  was  confined  to  the  sections  laid  out  in  June,  and  a  new  set  laid 

9  same  locality,  thoce  laid  ont  first  becoming  nseless  for  further  observation 

June  rise,  because  of  changes  in  the  channel.     A  set  of  sections  extending 

i  revetment  work  100  feet  apart  was  laid  out  and  sounded  once  for  future  rei- 

rveys  from  the  bluffs  at  Quindaro  to  Line  Creek  Crossing  show  a  constant  re- 
f  the  shore  line  by  a  uniform  rate  of  cutting  of  the  banks  for  a  distance  of  2 
low  the  bluffs.  This,  it  will  be  seen,  is  working  a  change  that  must  shortly 
seriously  the  success  of  any  work  put  in  Kaw  Kiver  Bend.  A  careful  study 
ortion  of  the  river  shows  the  necessity  of  confining  at  least  a  portion  of  a 
operations  to  stopping  the  cutting  along  these  banks  and  contracting  the 
>n  the  crossing  opposite  the  mouth  of  Line  Creek.  It  is  believed  that  with 
dug  oi  erosion  of  tne  banks  below  Quindaro  Bluffs  that  work  can  be  contin- 
ligently  with  assurances  of  succe.ss ;  otherwise  any  construction  in  Kaw  River 
1  in  a  measure  be  temporary'  only,  so  long  as  that  part  of  the  stream  is  left  to 
J  of  itself. 

•ervations  with  a  view  of  acquiring  physical  data  in  the  hydraulics  of  the 
V  undertaken,  although  some  preliminary  steps  were  taken  with  that  end  in 
'.  the  limited  amount  of  available  funds  did  not  allow  of  securing  additional 
ile  the  force  at  my  command  was  inadequate  to  the  task, 
month  of  June,  1879.  a  number  of  **  tree  weeds,"  with  oil  barrels  as  buoys  at- 
rere,  by  the  accnmulatinn  of  drift  upon  them,  pulled  out  of  the  dike,  caiuiing 
'  openings  through  which  the  water  rushed,  uestroying  to  a  large  extent  ita 
.  These  breaks  were  closed  up  by  the  employment  of  weeds  of  similar  de- 
dose  pulled  out.  Some  additional  weeds  much  larger  than  any  previously 
»  placed  where  settling  or  sinking  of  the  dike  appeared  to  have  occurred.  In 
>lent  eddy,  evidently  caused  by  the  shore  end  of  the  dike  being  too  solid,  cut 
)inicir6nlar  pocket  into  the  bank,  its  diameter  being  about  200  feet  and  a 
prater  30  feet.  The  sudden  development  of  an  eddy  of  such  unusual  violence 
int  required  prompt  action  to  prevent  the  destmctiou  of  tViQ  di\LA  b^  c»X\^.Ti^>. 
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«ff  ite  shore  connection.  This  was  effectually  done  by  using  f^  large  noinberof  tres 
weeds  which  had  been  made  for  such  an  emergency  in  June  and  placed  upon  the  bank. 
These  weeds  were  planted  in  parallel  rows  across  the  throat  or  montn  of  the  eddy 
when  the  force  of  the  current  was  broken,  and  it  silted  up  and  became  solid  in  a  few 
days. 

After  carefully  observing  the  workings  of  tree  weeds,  I  am  convinced  that  some- 
thing more  homogeneous  in  ite  resistance  to  the  current  can  be  used  to  accomplish  the 
resultfl  arrived  at  in  the  employment  of  weeds  of  that  kind.  Any  sudden  change  io 
the  direction  of  the  current  hnds  new  openings  through  which  the  wat«r  parses,  caiiB- 
ing  scour  around  the  anchors  and  allowing  them  to  sink  until  a  considerable  amonnt 
of  the  water  passes  over  the  top  and  not  throiigh  the  dike  as  intended.  The  resist- 
ance to  the  current  is  therefore  lost  and  their  (*^ct  but  slight  after  being  planted  for 
some  time  The  tendency  of  the  weeds  is  to  gradually  work  into  a  small  compact 
roll  of  less  than  ^  the  sectional  area  they  had  when  made.  This  is  invariably  the 
case,  despite  aU  care  taken  in  making  them.  A  constant  reduction  in  the  resistance 
section  of  any  dike  of  this  kind  must  therefore  be  encountered  that  in  time  must  ceatie 
to  make  it  effective.  -^ 

The  experience  acquired  by  the  season's  work  on  the  continuous  woven  mattress 
shows  the  feasibility  of  continuing  a  wire  curtain  or  woven  mattress  weigh t<ed  upon 
one  edge  and  held  np  by  buoys  on  the  other  along  a  proposed  shore  line,  and  inducing 
deposit  behind  it.  The  mattress  would  then  become  a  revetment  of  the  new  shore, 
which  would  be  free  from  the  spurs  or  points  found  in  revetted  bends. 

Revetment  work  commenced  September  II  and  closed  October  22.     This  work  com- 
menced at  a  point  about  3,000  feet  below  the  mouth  of  Line  Creek,  and  extended  to 
the  dike,  a  distance  of  5,042  feet.     The  mattress  is  a  continuous  web  of  woven  wire  and 
brush  92  feet  wide,  extending  from  the  top  of  the  bank  to  the  bottom  of  the  river.    As 
the  details  and  manner  of  construction  are  somewhat  different  from  other  works  upon 
the  river,  a  description,  with  tracings  illustrating  the  methods  eiftployed,  is  given. 
The  mattress  was  built  upon  thirteen  ways  mounted  upon  a  boat  of  the  ordinary  scow 
pattern  60  feet  in  length  and  14  feet  wide,  with  a  gunwale  li  feet  deep.     Thewajs 
were  supported  by  posts  resting  upon  the  gunwale  of  the  boat,  the  entire  system  of 
ways  and  posts  being  thoroughly  bolted  together.     A  sufficient  tread  way  between 
the  ways  and  deck  was  allowed  to  permit  of  the  free  passage  of  sewers  and  men  em- 
ployed upon  the  under  side  of  the  mattress.     A  platform  10  feet  wide  extending  the 
ihll  length  of  the  boat,  elevated  10  feet  above  the  deck,  and  even  with  the  upper  end 
of  the  ways,  was  used  by  the  carriers  and  tenders  who  delivered  the  brush  to  the 
weavers. 

The  arrangement  of  ways  and  platform  distributed  the  moving  load  on  the  boat, 
and  the  suspended  mattress  on  each  side,  ^  that  listing  or  capsizing  was  avoided. 
The  method  of  mattress  construction  is  as  fonows : 

The  boat  is  taken  to  the  head  or  commencement  of  the  work  and  held  transverse  to 
the  current,  the  shore  *end  of  the  boat  being  a  few  feet  from  the  bank.     After  the  ,bank 
has  been  graded  for  a  short  distance  to  a  slope  of  from  1^  to  1,  the  work  of  weaving 
was  commenced  by  first  placing  several  pieces  of  straight  brush  parallel  to  each  other 
upon  the  graded  slope.    Other  pieces  are  then  placed  at  right  angles  to  those  firrt 
laid  down.     The  stub  ends  of  separate  pieces  of  brush  are  then  pushed  throngb  thu 
openings  or  meshes,  and  sprung  down  and  held  in  position  by  the  weaver  who  places 
the  succeeding  pieces  at  right  angles  to  this,  and  in  such  a  manner  that  the  last  piece 
being  held  in  position  securely  binds  those  first  laid  down.     This  is  accomplished  by 
alternating  the  direction  or  position  of  each  piece  of  brush  as  it  is  put  in.     As  several 
weavers  follow  each  other  across  the  mat,  care  is  taken  to  reverse  the  work  at  evetj 
mesh.     Special  attention  is  given  that  the  ends  are  well  pushed  under  as  each  pieced 
put  in,  thereby  preventing,  to  a  certain  ext^jnt,  unraveling.     The  mattress,  when  c^- 
pleted,  somewhat  resembles  crate- work,  except  that  twisting  is  not  resorted  to.        ^ 
finer  portions  of  the  brush  are  always  on  the  under  side  ot  the  mattress,  whil^  ^^ 
stems  or  trunks  form  \t%  upper  surface.     The  methods  employed  upon  the  boat  acr^^^^ 
same,  except  that  the  first  few  courses  are  tied  to  the  ways  with  marline  to  pr^  ^\ 
their  slipping  off.     After  the  mattress  has  becH  woven  for  several  feet  a  set  of  (8>      ^^^ 
tress  hooks  are  hooked  into  it  and  the  marline  lashings  cut.     The  mattress  is  thei»^     ^^ 
in  position  on  the  ways  by  these  hooks,  and  is  allowed  to  slip  when  desirable.  *^^ 

independent  sets  of  hooks  are  employed.     When  one  set  has  slipped  some  distance— ''^^ 
second  is  inserted  and  the  first  is  unhooked.     A  rope  10  feet  long  is  fastened  to  f^ 

hook,  the  end  bein^  passed  over  a  cleat  or  kevel.  This  arrangement  allows  ^^^*^] 
end  of  the  mat  to  slide  at  will,  so  that  the  boat  may  be  passed  around  spurs  or  ^^^^ 
ets  on  the  bank.  When  the  mattress  built  upon  the  boat  reaches  the  water's^  ^ 
it  is  connected  to  that  built  upon  the  bank  by  a  woven  joint.  This  operation  fc-  ^  . 
that  requires  special  care,  in  order  that  the  joint  will  be  as  strong  as  the  rema*-^-*^^ 
of  the  mattress,  and  resist  the  strains  placed  upon  the  work  when  sliding  off  th^^  ^* 
upon  the  bank  itself  occurs.  To  add  to  the  strength,  and  obviate  any  raveli  '^^J^ 
fraying  out  of  the  woven  work,  wire  was  extensively  uaed.    The  sizes  commonlj^  a^w 
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were  Nob.  10,  12,  and  14  annealed-iroD  wire.  Seams,  both  longitDdinally  and  ^raneh 
Tereely,  were  sewed  in  the  distances  apart  varying  according  to  the  locality  in  which  the 
work  was  beiue  plHced.  Six  seams  of  No.  10  wire  were  carried  longitudinally  on  the 
«nter  edge  of  the  mattress  2  feet  apart.  This  was  necessary,  as  at  all  time«  the  heavier 
strain  was  on  that  portion  of  the  work.  Through  the  remainder  of  the  mattiess  the 
Mams  were  4  feet  apart  and  of  No.  14  wire.  Transversely  the  seams  run  6  feet  apart 
and  of  No.  12  wire.  The  tool  used  for  sewing  was  the  har^Kmn  shuttle  introduced  by 
Assistant  Cooley,  and  answers  admirably  the  purpose  for  which  it  is  used.  Sewing 
upon  the  bank  was  done  by  using  a  curved  or  **  bag-needle"  of  round  iron. 

The  employment  of  wire  in  woven-mattress  work  was  considered  essential  from  the 
first  commencement  of  mattress  work.     In  woven  work,  when  coarse  and  scraggy 
brush  is  wholly  used,  no  system  of  weaving  can  be  employed  which  will  prevent  the 
nnraTeiing  of  the  work.     Every  turn  or  bend  that  it  receives  allows  it  to  enlarge  the 
meeh  by  slipping  of  the  fibers  of  bruHh  over  each  other.     The  average  thickness  of  the 
t     mat  built  was  from  5  to  6  inches.    When  fine,  long  brush  could  be  obtained,  thick- 
ness was  even  less  than  these  dimensions     The  arrangement  of  plant  is  explained  by 
tracings.    The  method  of  sinking  is  simple,  but  requires  care  in  securing  tne  head  or 
commencement  of  the  work.     Sisal  rope  is  thoroughly  woven  into  the  first  10  feet  of 
the  mattress,  the  ends  being  worked  into  loops  to  which  safety  lines  were  attached. 
The  safety  lines  were  drawn  tight  and  fastened  upon  the  bank  about  200  feet  above 
the  boat.    Several  tons  of  rock  were  then  tied  on  the  mattress  causing  it  to  go  directly 
^  the  bottom  as  fast  as  allowed  to  slide  upon  the  ways.     After  about  100  feet  of  mat- 
^■^ess  was  completed  the  lines  were  withdrawn  and  the  rock  simply  thrown  upon  the 
f^attress  from  flat-boats.     An  average  of  4  or  5  pounds  per  square  yard  of  mat  surface 
'^  «11  the  rock  necssarj-  to  hold  it  in  position  except  at  the  head  of  the  work,  when  25 
^^  iJO  pounds  were  used.  ' 

Thf  progress  of  the  work  during  fine  weather  waa  quite  satisfactory.    The  labor, 

^■though  unskilled,  readily  learned  the  routine  of  the  work.    Thn  greatest  day's  work 

^^Ha*£&  feet,  with  a  working  force  of  45  men.     With  a  few  changes  in  the  plant  used 

^^  is  might  be  made  an  average  day's  work.     Frequent  delays  from  bad  weather  and 

"^  ^arcity  of  men  were  encountered. 

.The  removal  of  snags  along  the  bank  to  be  reveted  was  the  most  difficult  task  of 
.  *ie  season.  The  great  number  that  had  lodged  on  the  lower  half  of  the  work  formed 
^  perfect  barrier  to  further  progress  until  they  were  removed.  This  required  the  or- 
ganization of  a  separate  party,  who,  being  equipped  with  a  complement  of  tools,  flats, 
^Tid  ropes,  succee<led,  after  considerable  troublt^,  in  removing  those  near  the  shore, 
^he  experience  acquired  in  this  portion  of  the  work  proved  conclusively  that  the  ap- 
^)ianc«8  in  use  by  construction  parties  are  tOo  light  to  deal  with  such  obstructions. 
A.  summary  of  the  work  done,  cost,  table  of  disbursements,  &.C.,  are  herewith  sub- 
^^tted. 

In  connection  with  this  report  I  submit  a  reduced  map  of  Kaw  River  Bend.  This 
^ap  is  from  a  survey  made  in  October,  and  has  located  upon  it  the  work  completed 
^nriog  the  past  fiscal  year  and  the  dike  built  in  June,  1879. 

A  tracing  is  also  submitted  showing  the  mattress  boat  used  in  building  the  continu- 
Ona  mattress. 

The  sketohea,  figures  1  and  2,  represent  a  general  arrangement  of  boat  and  lines 
"^ith  the  mattress  in  process  of  construction. 

Figure  3  represent*  a  sketch  of  a  section  of  bank  with  the  average  width  of  mat- 
^;i««8  lying  upon  it,  with  the  out<?r  edge  in  the  deepest  water  found  on  the  entire  reach. 
Figure  4,  the  mattress  hook  used  in  holding  the  mat. 

Figure  5,  mattress  htwk  in  position,  showing  method  of  keeping  the  mattress  in  place. 
In  conclusion,  I  wish  to  acknowledge  the  services  of  W.  H.  Byran  and  E.  C.  Shank- 

d,  assistants,  and  J.  H.  Simonds,  foreman  on  construction. 
I  am,  major,  most  respectfully,  your  obedient  servant, 

J.  W.  NiKR, 

Aasisiant  Engineer. 
Charles  R.  Suter, 

Major  of  Engineers^  U.  8,  A. 


Q  7. 

IMPROVEMENT  OF  MISSOURI  RIVER  AT  FORT  LEAVENWORTH,  KANSAS. 

Work  at  this  place  duriDg  the  past  season  was  confined  to  repairs  of 
old  work  and  to  the  construction  of  1,670  feet  of  new  revetment  above 
Bee  Creek  Point.    Three  hundred  feet  of  brush  dike  was  also  put.  in 
-opposite  the  town  of  Leavenworth.    The  appropriation  no^  ^\v)As^<6 
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'will  be  expended  in  extending  the  revetment  and  in  works  of  channel 
rectification. 

Assistant  D.  W.  Church  had  charge  of  this  work,  with  Assistant  G.  T.  Nellis  mIociI 
enjgineer. 

The  work  is  sitnated  in  the  collection  district  of  New  Orleans,  and  the  nearest  poii 
of  delivery  is  Omaha,  Nebr. 

Amount  of  revenue  collected  at  Omaha,  Nebr.,  during  fiscal  year  ending  Jnne30y 
1880,  was  13,605.81. 

Money  statement. 

July  1,  1879,  amount  available $9,337  48 

Amount  appropriated  by  act  approved  June  14,  1880 8, 000  00 

$17,337  48 

July  1,  1880,  amount  expended  during  fiscal  year 8, 886  1$ 

July  1,  1880,  amount  available 8, 451  ft 

Amount  (estimated)  required  for  completion  of  existing  project 27,  OuO  00 

Amount  that  can  be  profitably  expended  in  fiscal  year  ending  June  30, 1882.    27, 000  00 


REPORT  OF  MR.   D.   W.   CHURCH,   ASSISTANT  ENGINEER, 

Atchison,  Kans.,  May  24, 

Major:  I  have  the  honor  to  submit  the  following  report  on  the  work  of  improving 
the  Missouri  River  in  the  vicinity  of  Fort  Leavenworth,  Kans.,  from  July  1,  ld79,  to 
March  31,  1880. 

The  maps  and  drawings  which  properly  belong  with  this  report  have  already  been 
■ubmitted. 

The  condition  of  the  river  has  been  such  that  no  mat^erial  deviations  from  the  plan 
previously  decided  upon  have  been  necessary.  One  thousand  five  hundred  and  sev- 
enty fet't  of  revetment  was  put  in  during  the  season  above  the  mouth  of  Bee  Creel^ 
and  small  additions  made  to  the  weed  dike  at  the  head  of  Leavenworth  bar. 

In  my  report  for  the  fiscal  year  ending  June  30,  1879,  mention  was  made  of  the 
breaks  which  occurred  during  May  and  June,  1879,  in  the  revetment  connecting  tbe 
upper  and  lower  works  of  1878.  These  occurrences  were  repeated  at  intervals  during 
the  month  of  July  and  until  the  4th  of  August.  Tbe  stage  of  the  river  at  the  time  oi 
the  last  break  was  2^  feet  higher  than  that  at  which  the  first  appeartMl,  indicatii^ 
that  rhe  attack  upon  the  revetment  was  less  severe  after  the  deep  scour  of  high-wat*J' 

The  explanation  for  the  occurrence  of  these  breaks  offered  in  the  report  previoa^Jj 
mentioned  was,  that  as  the  high-water  scour  extended  below  the  outer  edge  of  "^^ 
mattresses,  the  quicksand  floded  from  underneath  and  allowed  the  revetment     v^ 
settle.     While  the  above  explanation  is  thought  to  be  the  correct  one,  it  is  possi^} 
that  the  caves  may  have  been  caused  in  some  cases  by  underground  drainage  from  *^^ 
adjacent  low  lands  and  lake.    In  one  instance  where  soundings  were  being  mad^^^. 
^eat  bubbling  of  the  water  was  seen  near  shore,  and  anticipating  a  cave  the  tsont^^^ 
ing-pole  was  rorced  through  the  mat  as  far  as  possible.    The  cave  which  took  pl^"^^ 
immediately  after  produced  no  «iovement  of  the  pole  or  mattress,  and  the  bott<c^^. 
was  found  to  be  solid  at  every  }>oint  except  along  shore.    ThH  mattress  waA  ever^S^ 
where  well  filled  with  sediment.     Near  shore  the  bottom  was  soft  and  the  mat  outsii^^^^ 
covered  with  earth  seemingly  from  the  bank.     Wh»«n  final  repairs  were  iuade  tt^  j 
bank  from  one  break  to  the  next  was  covered  with  the  same  form  of  mattress  as  %hi0^ 
nsetl  where  the  caves  occurred.     It  consisted  of  two  layers  of  brush  at  right  angles  t^^ 
each  other  bound  with  small  fascines  and  wire.    Two  flat-boats  were  placed  in  trai^^ 
along  shore  and  way  pole«  laid  from  them  to  the  top  of  the  bank.    Upon  these  fascine^^ 
were  laid  parallel  to  the  bank  and  6  feet  apart.     The  first  course  of  brush  was  lai^ 
perpendicular,  and  the  second  parallel  to  the  river.     Fascines  were  laid  on  top  every^ 
6  feet  perpendicular  to  the  river  and  bound  to  the  lower  ones  at  every  crortsing.     Ther 
ways  were  then  pulled  from  under  the  mat  with  a  tackle.     The  protection  thus  made 
was  about  10  inches  thick,  and  lapped  the  mat  below  water  about  €  feet.     Tbe  cost 
of  this  work  ($576.85)  was  greatly  increased  by  the  irregular  manner  in  which  it  was 
done. 

Since  July  1  very  little  has  been  done  towards  closing  the  chute  on  the  Miseoari 
■ide  of  Leavenworth  bar.  The  action  of  the  dike  constructed  in  June  (called  for  con- 
venience No.  1.),  was  closely  watched  in  order  that  auxiliaries  might  be  put  in  to  aid 
it  if  necessary. 

As  the  Mgh'WatGT  subsided  a  small  bar  made  its  appearance  about  800  feet  below 
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Ko.  1^  with  a  strong  current  inside  preventing  it«  extension  shorewards.  In  order  to 
dose  this  channel  and  force  all  the  water  going  behind  the  main  bar  throngh  one 
eDtranee,  a  dike  300  feet  long,  made  of  horizontal  weeds,  was  placed  across  it. 

The  construction  of  this  dike  was  different  in  detail  from  that  of  No.  1.    Three  slim 

poles  (made  equal  to  the  length  of  weed  desired  by  splicing)  were  laid  parallel  to  each 

other,  and  8or9  inches  apart,  upon  a  rack  which  held  them  about  *^  feet  fromthe  ground. 

Two  men,  one  on  each  sine  the  poles,  working  alternately,  each  placed  his  brush 

over  the  two  poles  nearest  him  and  under  the  one  farthest  from  him,  forming  a  letter 

X  oTer  the  middle  \io\e.    Each  successive  cross  was  placed  close  to  the  preceding 

until  the  length  of  poles  had  been  taken  up,  when  a  fourth  pole  was  placed  on  top, 

•nd  the  four  tightly  bound  together  every  3  feet.     When  complete<l  there  was  a  pole 

in  each  of  the  lour  external  angles  of  the  cross,  as  shown  bv  the  accompanying  sketch 

of  a  transverse  section  of  weed.     This  weed  could  be  made  of 

Any  IfDgth  desired,  and  its  simplicity  makes  it  a  cheaper  form 

of  coDstruction  than  the  old  one  of  tying  or  nailing  brush  to  a 

J>ti8hy  sapling.     It  was  anchored  in  the  same  manner  as  the 

horizontal  wee<ls  used  in  dike  No.  1. 

This  second  dike  soon  conneot«*d  the  small  bar  with  the  shore, 
*nd,  by  closing  the  channel,  caused  a  large  deposit  above.     The 
two  dikes  combined,  althongb  inadequate  to  the  work  of  com- 
pletely closing  the  main  chute,  have  acted  very  satisfactorily 
It)  extiending  the  Missouri  shore.     The  blue  line  u]>on  the  map 
•hows  the  low-water  shore  of  1H78,  and  the  black  that  of  October,  1879.     It  will  be 
•©en  that  the  extension  of  the  Missouri  shore  has  in  some  places  reached  a  width  of 
^0  feet.     In  September,  1879,  the  entrance  to  the  chute  wan  but  2U0  feet  wide,  and 
had  an  average  depth  of  3  feet.     It  was  well  filled  with  snags,  and  the  current  was 
Hioderate. 

The  results  obtained  from  the  small  amount  of  work  done  show  that  the  chute  can 
be  completely  closed  without  great  expense.  The  work  for  that  purpose  could  be  put 
in  most  advantageously  in  winter  or  Hpring. 

About  September  1  the  lodgiug-houHes  were  moved  to  a  suitable  point  preparatory 
to  commencing  the  revetment  above  the  mouth  of  Bee  Creek. 

In  determining  what  width  of  low-wat«r  revetment  was  necessary  at  this  point 
coiuu deration  was  taken  of  the  fact  that  at  no  season  would  the  work  be  severely 
t€Mit'€)d.     Soundings  were  made  near  shore,  and  a  width  of  65  feet  decideil  upon. 

The  mattresses  used  on  this  work  were  similar  to  those  made  without  the  use  of  poles 
in  April  and  May,  1879,  and  described  in  my  report  for  that  year.     They  were  con- 
^tmcted  upon  elevated  ways,  and  consisted  of  a  single  layer  of  brush  bound  with 
Caacines.    At  first  fascines  were  used  both  on  top  and  underneath  the  mat,  but  in  con- 
^eqneuce  of  their  cost  efforts  were  made  to  determine  the  minimum  number  necessary 
t;o  i^ive  the  requisite  strength  and  stiffness.     Accordingly,  the  number  was  gradually 
v«daced  ^m  twenty-four  at  the  first  to  eight  placed  10  teet  apart  on  the  bottom  of  the 
Xnat.     The  seams,  as  in  other  cases,  were  5  feet  apart,  those  intermediate  between 
^ascinefl  being  sewed  with  two  shuttles  in  such  a  manner  as  to  always  have  a  wire 
%M>th  above  and  below  the  brush.     The  stitches  were  locke<l  so  that  no  slipping  would 
^ake  place  should  the  wire  be  broken  at  any  point.    This  mattress  was  found  to  be  so 
fiexible  that  it  could  not  be  held  in  the  current  and  properly  sunk,  but  as  unusual 
^iiificulties  arose  in  floating  it  was  thought  advisable  to  construct  a  second  in  the 
^aiiie  manner,  so  that  the  question  might  be  fully  tested.     The  same  trouble  was  ex- 
^lerienced  with  this  one  as  with  the  first,  after  which  no  experiments  were  tried,  but 
'Che  mattress  having  fascines  5  feet  apart  on  the  bottom  and  none  on  top  (16  in  all)  was 
mdopted.     In  making  these  mattresses  particular  attention  was  paid  to  the  quantity 
^>f  brush  used,  the  arrangement  of  the  men,  and  the  method  of  sewing.     The  brush 
"wwB  all  laid  in  one  direction  (perpendicular  to  fascines >,  and  had  when  bound  an  av- 
erage  thickness  of  6  inches.      One  shuttle  was  used   in  sewing,  and  a  half  hitch 
"taken  with  the  wire  every  r>  feet,  the  shuttle  being  passed  once  through  the  mat  and 
mronnd  the  faHcines  between  one  hitch  and  the  next.     The  shuttles  used  were  ma<le  of 
^wood  and  tipped  with  Hteel,  as  shown  in  the  sketch.     Three  stout  poles  were  stitched  to 
'the  uf>-stream  edge  of  the  mattress,  around 
whirh  the  three  lines  used  in  floating  were 
passed.     The  down-stream  inshore  comer 
of  the  mat  was  frequently  pressed  with 
great  force  against  the  bank  bt*fore  it  was  finally  brought  to  place.     To  stiffen  it  at 
this  point  two  poles  interKccting  at  the  corner  were  lashed  on  top.     These  were  taken 
ofl'as  8'ton  as  the  mattress  was  in  position.     In  sinking  the  mat  the  flat-boat  was 
pUced  at  right  angles  to  the  bank  over  the  up-stream  edge.     Sufficient  stone  was  then 
placed  along  this  edge  and  on  the  outside  corner  to  sink  them  well  and  prevent  the 
whole  from  moving.     From  2|  to  4  tons  (2  to  3  cubic  yards)  was  required  to  accom- 
plish this.     Earth  w^as  then  wheeled  out  from  nhore  on  the  boat  and  distributed  over 
^e  mat  antil  the  down-stream  portion  was  firmly  placed  on  the  hottom.    T\i^\'8XM)>'t 
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and  stone  for  sinking  in  this  manner  cost  14  cents  per  linear  foot  of  shore.  On  the 
"lower"  work  of  1^8,  40  feet  wide,  and  on  the  *' upper"  work  of  the  same  year,  75 
feer.  wide,  the  stone  alone  cost,  respectively,  13^  and2'<^  cent>8  per  linear  loot. 

The  banks  above  the  water  line,  which  are  composed  of  a  dark  clay  approaching 
gumbo,  with  sand  in  places,  had  been  left  quite  well  sloped  by  the  last  higb-wat«r, 
and  consequently  were  easily  graded.  The  slope  was  made  about  1^  to  1,  and  coit 
for  grading  6  cents  per  linear  foot. 

Tne  high-water  protection  was  woven  after  the  method  employed  this  season  at 
other  points  on  the  river,  and  was  extended  on  to  and  interwoven  with  the  matlTea 
work  below  the  water  line  as  much  as  possible,  so  as  to  make  the  two  continuoiu. 
Inasmuch  as  no  men  were  available  who  had  ever  practiced  or  seen  this  style  of  work, 
the  progress  at  first  was  very  slow,  but  as  the  men  became  familiar  with  the^ork 
excellent  headway  was  made.  The  brush  used  being  principally  dogwood,  and  verj 
coarse,  it  was  impossible  to  make  a  uniform  and  neatr-looking  piece  of  work  with  it 
After  the  receipt  of  your  letter  of  October  20,  1879,  directing  that  the  work  be  clowd 
for  the  season,  the  high-water  protection  was  made  much  thinner  in  order  that  th« 
brush  already  on  hand  might  be  sufiicient  to  complete  the  revetment.  The  liability 
of  the  bank  to  severe  attack  not  being  ^eat,  the  thin  upper  bank  protection  is  deemed 
sufiicient.  Its  cost  was  24  cents  per  linear  foot,  which  is  but  from  one-third  to  one- 
half  the  jcost  of  that  previously  used  on  the  Leavenworth  work. 

The  total  length  of  mattress  work  below  water  was  1,570  feet,  while  that  of  the 
kigh-water  revetment  was  but  1,510 ;  the  mattress  farthest  up  stream,  which  was 
separated  from  the  rest  by  a  small  gumbo  point,  being  left  without  upper  bank  pro- 
tection. 

The  total  cost  of  the  revetment  per  linear  foot,  including  constrnction  of  ways, 
making  roads,  &c.,  was  |1.75i^. 

The  surveys  made  during  the  seaaon  were  especially  intended  to  determine  points  of 
local  interest,  such  as  the  efiects  of  work  done  and  the  nature  and  eft*ect«  of  nataral 
changes.  For  this  purpose  cross-section  hubs  were  located  1,000  feet  apart  from  aboat 
4,000  feet  below  Weston  to  the  north  line  of  Leavenworth,  and  numl)ered  each  way 
from  zero  at  the  bridge.  These  sections  were  sounded  in  July,  September,  and  Octo- 
ber, each  sounding  being  locate<l. 

Levels  were  run  and  carefully  checked  over  this  portion  of  the  river  with  benches 
every  2,000  feet,  at  which  pointa  the  slope  was  taken  when  the  sections  were  sounded. 
The  levels  were  connected  with  the  beuches  of  the  Kansas  City,  Saint  Joseph  and 
Council  Blufis  Railroad,  and  referred  to  the  same  datum. 

At  the  close  of  the  work  in  October  a  complet-e  low- water  survey  was  made  fit)ni 
the  month  of  Kickapoo  Slough  t<i  lower  end  of  Leavenworth  B'»r  near  East  Leaven- 
worth, and  from  this  survey  all  shore  and  channel  bars  shown  on  the  map  in  full  black 
lines  have  been  platted.     Numerous  minor  surveys  were  made  in  the  vicinity  of  the 
brush  dikes.     The  sectional  soundings  were  platted  on  stitf  paper  to  a  horizontal  scale 
of  100  feet  to  the  inch,  and  the  portions  below  4  feet  on  the  Fort  Leavenworth  gang* 
carefully  cut  out  and  balanced  upon  the  point  of  a  needle  to  determine  their  centers 
of  figure.     The  centers  were  then  platted  upon  the  map,  and  those  corresponding  to 
the  same  survey  connected  by  lines.     It  was  intended  to  show  by  the  ditlereut  potA' 
tions  of  theae  lines  what  horizontal  movement  took  place  in  the  deepest  portionao* 
the  bed  between  high  and  low  water,  also  what  changes  were  etfected  by  the  cutting 
away  of  Bee  Creek  Point  or  any  other  eroding  bank.     These  lines,  instead  of  givi^^ 
directly  the  position  and  direction  of  strongest  current,  indicate  merely  its  gene-^^ 
effect,  and  may  be  situated  at  points  where  the  water  is  shoal  with  a  channel  on  ei^i-'^** 
side.  _  ^ 


It  will  be  seen  from  the  line  of  July  26,  when  the  Fort  Leavenworth  gange  read  It^^  ^ 
feet,  that  during  high  stages  the  stream  does  not  enter  the  sharp  curve  in  the  sl^^  ** 
line  above  Bee  Creek,  and  that  after  passing  A  17  the  deeper  portion  of  the  chai^j^, 
bears  away  from  the  left  bank.     Below  the  bridge  the  high-water  line  is  nearer 
Missouri  shore  than  those  of  lower  stages,  and  as  the  river  falls  there  is  a  slight  mo 
ment  towards  the  right  bank.     The  line  corresponding  to  surveys  of  October  27,  w" 
the  gauge  read  4.35  feet,  follows  more  uniformly  the  curve  of  the  shore  line  below 
root  than  any  of  former  surveys,  which  I  think  mav  be  attributed  to  the  cutting 
Bee  Creek  and  the  corresponding  lengthening  of  the  lower  bend.     No  changes  at  p 
ent  noticeable  below  the  bridge  can  be  reasonably  attribut'ed  to  the  recession  of 
Creek  Point. 

The  points  of  greatest  variation  between  lines  corresponding  to  different  stages  a  ^ 
locatecf  one  a  short  distance  below  the  root  and  the  other  opposite  the  month  of  KicE  ^ 
apoo  Slough.  The  former  is  principally  due  to  the  sharpness  of  the  bend,  and  wii^  ^ 
probably  cease  when  the  proposed  shore  line  above  that  point  is  reached.  The  ditFe/*^ 
ences  at  Kickapoo  Slough  are  due  to  the  fact  that  at  high- water  the  greater  portion  ^ 
the  stream  passes  on  the  Kansas  side  of  the  Weston  Island,  while  in  low-water  th^-^ 
channel  is  nearly  closed.  In  a  perfectly  stable  river  the  center  of  the  low- water  poi:^ 
tion  of  cross-sections  would  correspond  at  all  stages,  and  the  variations  between  tbei^^ 
Bbow  the  pointB  where  rectification  is  necesaary. 
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The  slopes  plotted  on  the  map  are  those  taken  August  29,  1878,  December  2,  1878, 
FuJy  28,  1879,  and  November  1,  1879.  It  will  be  seen  that  the  slope  of  the  river  in  its 
kassaf^e  from  the  Missouri  to  toe  Kansas  bluffs  is  ranch  greater  than  it  is  either  above 
r  below,  where  in  both  cases  it  flows  along  the  bluff  in  a  path  nearly  straight.  Some 
f  the  causes  which  tend  to  increase  the  slope  in  the  bend  are,  first,  the  greater  fric- 
ional  surface  pr€^ent<»d  in  the  wide  crossing ;  second,  the  energy  expend^  in  under- 
lining and  carrying  away  caving  banks;  third,  the  energy  expended  in  excavating 
hannels  rendered  necessary  by  changes  in  direction  of  current,  the  latter  being  caused 
y  new  shore  lines  along  eroding  banks  and  by  differences  in  stages;  and,  fourth,  the 
distance  due  to  the  sharp  bend  at  the  fort  and  smaller  bends  above.  The  first  three 
lentioned  causes  of  increased  slope  will,  it  is  believed,  be  greatly  reduced  with  the 
ompletion  of  the  present  project  and  the  building  up  of  shore  bars  above  the  plane  of 
vertiow.  It  will  oe  seen  that  both  the  high  and  low  water  slopes  of  1879  are  more 
niform  than  those  of  1878.  This  would  necessarily  follow  the  protection  of  banks  and 
Mluction  of  shore  line  curvature  to  uniformity. 

As  the  project  for  future  operations  now  stands,  it  contemplates  the  extession  of  the 
jvetments  above  and  below  Bee  Creek  as  fast  as  the  proposed  shore  line  between 
lem  is  reached,  and  the  extension  of  the  upper  revetment^  the  bluffs.  It  also  in- 
iude««  the  closing  of  the  chute  behind  Leavenworth  Bar. 

Attention  can  now  be  given  to  some  of  the  improvements  which  are  not  immediately 
squired  for  safety,  such  as  the  narrowing  of  the  stream  until  the  most  advantageous 
ross-section  is  obtained,  and  tht^  raising  of  shore  bars  above  the  plane  of  overfloiw. 
*bis  should  especially  be  done  in  the  large  bend  above  the  fort  and  m)m  the  bridge  to 
he  north  line  of  Leavenworth  City.  The  agencies  to  be  at  first  employed  for  thia 
mrpose  are  brush  fences,  and  after  portions  oi  the  bar  have  been  raised  above  over- 
low  willows  should  be  planted  at  every  point  where  their  growth  is  possible.  Brush 
encee  put  in  late  in  the  fall  should  be  made  of  willow,  as  tney  may  accumulate  suffl- 
ient  earth  before  spring  to  allow  the  willows  to  grow. 

Attention  must  soon  be  paid  to  the  condition  of  the  river  above  Weston.  The  right 
'ank,  throughout  the  crossing  from  Kickapoo  Station  to  Weston,  is  being  rapidly  cut 
way,  and  cnanges  are  taking  place  which  must  sooner  or  later  affect  the  work  below. 
Iwiug  to  incompleteness  of  surveys,  the  necessary  work  cannot  be  outlined  at  present, 
>nt  the  closing  of  one  of  the  channels  passing  the  Weston  Island  sh<mid  be  included 
D  the  plan  of  improvement.  Should  the  Kansas  channel  be  closed,  the  right  bank  of 
he  river  in  the  vicinity  of  Kickapoo  Slough  would  need  protecting. 

During  the  past  season  brush  has  been  economized  to  quite  an  extent  by  a  reduc- 
ion  in  tne  thickness  of  mats,  but  the  saving  has  not  been  as  much  as  was  expected, 
•n  account  of  the  greater  compactness  of  the  thin*  mattresses.  As  there  seems  to  be 
lo  case  yet  known  where  failure  has  resulted  from  scour  through  a  well -constructed 
aattress,  the  thickness  may  still  be  reduced  with  safety,  and  the  brush  more  openly 
aid. 

In  the  accompanying  financial  statement  the  price  of  stone  given  is  that  of  total 
ost  delivered  where  used.  None  was  purchased  during  the  season,  as  there  was  more 
han  a  sufficient  quantity  on  hand.  There  was  no  expense  for  brush,  except  for  cut- 
ing  and  delivering.  That  used  on  the  Bee  Creek  revetment  was  hauled  a  distance  of 
li  or  5  miles. 

The  t-abnlated  results  of  soundings  made  in  1879,  slope  measurements  of  1878  and 
L879,  and  <1ischarge  measurements  of  1878  are  respectfully  submitted  with  this  report. 

I  have  been  ably  assisted  in  prosecuting  the  work  of  the  past  season  by  Assistant 
Engineers  G.  T.  Nellis  and  A.  P.  Dyke;  Mr.  Nellis  being  in  charge  of  construction 
^orks  and  all  pertaining  thereto,  and  Mr.  Dyke  in  charge  of  surveys. 

I  have  the  honor,  mi^or,  to  be,  very  respectfully,  your  obedient  servant, 

D.  W.  Church, 
AsaUtant  Engineer. 

Charles  K.  Sutbr, 

Major  of  Engineers,  U.  S.  A. 


Q  8. 
IMPROVEMENT  OF  MISSOURI  RIVER  AT  ATCHISON,  KANSAS. 

« 

Work  at  this  locality  was  confined  to  repairs  of  old  work,  and  to  ex- 
eoding  up  stream  the  revetment  of  the  left  bank  of  the  river  above 
ktcbison.  Of  this  new  work  2,572  feet  was  completed,  and  is  now  in 
air  condition.    During  the  present  season  it  is  propos^  t^  e^\i^\^\)L^ 
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this  work.    Assistant  D.  W.  Church  had  charge  of  the  work,  with  A 
sistant  G.  B.  Fritcher  in  local  charge. 

Interesting  details  concerning  the  method  of  mattress  constmctiG 
used  will  be  found  in  Assistant  Church's  report  herewith  appended. 

The  work  is  situated  Id  the  collection  district  of  New  Orleans,  and  the  nearest  pc 
•f  delivery  is  Omaha,  Nebr. 

The  nearest  fort  is  at  Leavenworth,  Kans. 

Amount  of  revenue  collected  at  Omaha,  Nebr.,  during  fiscal  year  ending  June  : 
1880,  w^  $3,605.21. 

Money  statement 

July  1,1879,  amount  available $17,590  74 

Amount  appropriated  by  act  approved  June  14,  1880 20, 000  00 

$37,590 

July  1,  1880,  amount  expended  during  fiscal  year 17, 58ft 

July  1,  1880,  amount  avmilable 20,004 

Amount  (estimated)  required  for  completion  of  existing  project 60,  OOO 

Amount  that  can  be  profitably  expended  in  fiscal  year  ending  June  30, 1882.     60,  OOO 


REPORT  OF  MR.    D.    W.    CHURCH,   ASSISTANT  ENGINEER. 

Atchison,  Kans.,  July  20,  188G 

Major  :  I  have  the  honor  to  submit  the  following  report  of  the  work  of  improvi 
the  Missouri  River  at  Atchison,  Kans.,  during  the  fiscal  year  ending  June  30,  1880. 

A  map  of  the  reach  and  other  drawings  pertaining  to  this  report  have  alrefif 
been  informally  submitted.  A  drawing  of  mattress-boat  and  four  photographic  vie 
thereof  are  herewith  submitted. 

The  season's  operations  were  confined  to  the  construction  of  revetment  at  McQuee 
Bend,  the  oblect  being  to  hold  the  deeper  portion  of  the  bend  and  allow  the  pointi 
its  lower  end  to  recede. 

Two  thousand  five  hundred  and  seventy-two  linear  feet  of  mattress  work  were  i 
in,  of  which  812  feet  were  continuous,  and  1,760  feet  were  made  in  8eparat«  mats  < 
tending  60  feet  along  shore. 

The  latter  was  in  process  of  construction  at  the  beginning  of  the  year,  and  vr 
the  exception  of  490  feet  of  repairs,  which  will  be  hereinafter  described,  was  all  tom 
•ocording  to  the  method  then  in  use,  for  a  description  of  which  I  beg  to  refer  yoa 
my  report  for  the  fiscal  year  ending  June  30,  1K79. 

From  July  1  to  15  there  was  a  const-ant  caving  of  the  bank  in  the  vicinity  of  1 
ways,  rendering  frequent  repairs  necessary  and  gieatly  retarding  the  work. 

On  the  night  of  July  15  there  was  a  sev^jre  wind  storm,  which  drove  the  wave» 
rectly  against  the  shore.    No  upper-bank  protection  had  been  put  up  to  that  tix 
and  the  stage  of  the  river  was  such  that  the  mats  did  not  extend  above  the  wattf 
edge.     There  was,  therefore,  very  little  to  resist  surface  action,  and  the  waves  washJ 
•ver  the  mats  caved  the  bank  inside. 

The  shore  portion  of  the  revetment  was  settled  by  the  weight  of  the  bank  tJ 
•aved  upon  it,  and  no  longer  protected  the  shore  from  current  action,  which,  togetl 
with  the  waves,  carried  the  shore  line  back  about  15  feet  throughout  the  whole  ext^ 
of  the  work. 

The  ways  were  almost  entirely  destroyed,  and  consequently  the  revetment  cofl 
not  be  immediately  repaired. 

By  the  time  temporary  ways  were  finished  the  inshore  edge  of  the  revetment  ^ 
from  25  to  35  feet  from  shore.  This  intnrvemne  space  was  covered  with  mattre^ 
which  varied  in  width  from  40  to  48  feet  according  to  the  width  of  unprotected  ba^ 
thus  proviiling  for  a  lap  of  at  least  10  feet  on  the  former  work. 

These  mattresses  were  made  similar  to  those  used  on  the  Leavenworth  imprc^ 
meuts  during  the  winter  of  1878-79,  the  lower  frame  being  of  cotton-wood  poles  s* 
the  upper  of  fascines  with  wire  bindings  at  every  intersection.  The  thickneas  wB 
bound  was  from  10  to  12  inches,  and  length  along  shore  60  feet.  The  work  of  prot^ 
ing  the  high- water  bank  followed  the  mattress  work  as  closeb^  as  possible.  The  fc:: 
of  mat  used  for  this  purpose  was  exactly  similar  to  the  low-water  work,  with  the 
ception  that  fascines  instead  of  poles  were  used  to  give  the  necessary  strength  L- 
direction  perpendicular  to  the  shore  line.  The  upper-bank  protection  overlapped 
low-water  work  about  6  feet,  and  was  weighted  with  stone  along  the  lap.    Th^ 
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mainder  was  held  down  by  stakes  driven  from  3  to  7  feet  in  the  ground  and  wired  to 
the  fascines.    These  repairs  extended  over  490  linear  feet  of  shore. 

The  continued  caving  of  the  banks  in  the  vicinity  of  the  work  pointed  out  the  fact 
that  there  was  no  point  within  suitable  distance  where  ways  couhl  with  certainty 
be  maintained,  and  the  construction  of  some  form  of  boat  upon  which  mats  could  be 
made  without  the  interference  of  caving  banks  became  a  necessity.  A  plan  for  a 
boat  was  immediately  submitted  to  you,  and  received  your  approval.  The  construc- 
tion of  this  boat — a  description  of  which  will  appear  farther  on — was  proceeded  with 
at  once. 

The  safety  of  the  woik  already  in  demanded  that  operations  be  continued  until  the 
boat  was  ready  for  use,  or  at  leist  until  there  should  be  less  caving  above  the  revet- 
ment. Therefore,  after  the  work  washed  out  by  the  8torm  had  been  replaced,  the 
revetment  was  continued  from  elevated  ways  the  same  as  at  firat,  and  the  upper  bank 
protection  carried  along  with  it. 

On  September  5  there  had  been  put  in  1,760  linear  feet  of  revetment,  and  it  was- 
then  thoughr  safe  to  stop  the  work  until  tbe  boat  was  reaily  for  use. 

The  cost  of  this  work  was  for  low-water  revetment  ^.26tV(T  ;  for  grading  bank,  $0.31 ; 
and  for  high-water  revetment  $0.37  f^  per  linear  foot;  that  dime  previous  to  July  1  is 
not  considered,  as  it  was  necessary  to  put  in  new  mats  throughout  when  the  washout 
occurred. 

The  mattress-boat  consisted  of  two  barges  placed  parallel  with  each  other  and  oon- 
nect4?d  by  a  rigid  frame-work  which  supported  the  ways.  The  distance  between  the 
two  ac^jacent  gunwales  was  16  feet  and  9  inches.  When  in  use  the  barges  were  per- 
pendicular to  the  current,  the  ways  rising  from  the  up-stream  gunwale  at  an  angle  of 
16i  degrees  with  the  horizontal.  The  barge  at  the  foot  of  the  Wfiys  was  12  feet  wide 
and  the  other  10  feet,  the  length  of  each  being  75  feet,  atid  the  depth  3  feet.  The  way 
pieces  were  5  feet  apart  and  16  in  number,  making  a  total  wiilth  of  75  feet.  Six  lines 
10  feet  apart  passing  over  ]>ullie8  at  the  head  of  the  w^ays  were  used  in  holding  the 
mat  to  the  boat.     The  cost  of  the  mattress- boat  complete  was  $1,121.79. 

In  constructing  the  continuous  mattress  the  boat  was  placed  perpendicular  to  the 
shore  at  the  head  of  the  proposed  revetment  with  the  foot  of  the  ways  up  stream.  As 
the  mattress  work  proceeded  the  boat  was  moved  trom  under  it  down  stream,^ the  cur- 
rent sinking  the  mat  as  it  was  slid  from  the  boat. 

The  brush  was  laid  directly  on  the  ways  with  tops  toward  the  center  of  the  stream. 
At  first  the  space  between  the  two  way  poles  farthest  from  shore  was  covered  with 
brush  ;  the  next  space  was  then  covered,  and  a  good  lap  made  on  the  brush  first  laid. 
This  was  continued  until  the  ways  were  completely  covered.     There  was  a  lapping  of 
the  brush,  therefore,  at  every  way-pole.   In  binding,  a  seam  which  included  all  the  over- 
lapping brush  was  sewed  along  each  way-pole.    The  stitch  used  in  sewing  was  not  a 
perfect  lock-stitch,  but  was  such  that  no  loosening  of  the  brush  would  occur  farther 
than  one  stitch  away  from  the  point  where  a  wire  was  broken.    Two  shuttles  were 
used  in  making  it,  there  being  a  wire  both  over  and  under  the  brush.     The  length  of 
Btitch  was  about  30  inches.     The  shuttles  were  put  through  the  mat  from  opposite  sidea 
at  the  same  time,  and  about  8  inches  apart>,  so  that  a  quantity  of  brush  might  be  in- 
cluded between  the  wires.    As  the  i>ornt  of  each  shuttle  appeared  through  the  mat 
the  wire  attached  to  the  other  was  placed  over  i^  and  the  shuttles  pulled  through. 
No.  12  wire  was  used  at  first,  but  as  it  broke  occasionally  when  drawn  too  tight  it  was 
found  necessary  to  nse  No.  10  instead,  after  which  no  wires  were  broken. 

The  six  lines  on  the  boat  were  always  attached  to  the  mat,  except  when  their  fasten- 
ii\gs  were  being  changed  from  the  foot  to  the  head  of  the  ways,  at  which  time  auxiliary 
lines  were  used  to  prevent  the  current  from  drawing  the  mat  from  the  ways.  The 
boat  was  held  in  position  by  lines  which  extended  from  its  outer  end  to  tne  shore 
both  above  and  below.  At  each  time  of  moving  32  linear  feet  of  mattress  were  slid 
from  the  boat,  and  about  8  were  left  on  the  wayM.  On  account  of  friction  against  the 
bank  it  was  usually  necessary  to  employ  a  tackle  in  moving  the  boat.  To  provide 
against  the  possibility  of  the  mattress  being  rolled  up  by  the  current  it  was  well 
weighted  with  stone  at  its  up-stream  end,  and  over  the  remainder  of  the  revetment 
there  was  distributed  about  9  cubic  yards  of  stone  for  100  linear  feet.  The  mattress 
thus  made  was  6  inches  thick  when  bound  and  75  feet  wide.  It  extended  above  the 
water  line  about  4  feet.  Great  flexibility  was  secured  in  all  directions,  and  the  mat- 
tress -vas  compact  and  strong.  Only  H12  linear  feet  of  this  form  of  protection  was 
made  before  the  work  closed  for  the  season.  The  cost  was  $1.72tVb  per  linear  foot. 
This  piece  can  hardly  be  taken  as  a  fair  test  of  the  method.  The  short  duration  of 
the  work  did  not  allow  of  the  adoption  of  certain  improvements  in  the  boat  which 
were  seen  to  be  advisable^  or  of  the  careful  systemization  of  the  labor. 

Unusual  difficulties  were  also  encountered  in  procuring  supplies.  During  the  twenty- 
■even  days  that  the  work  was  in  progress  there  were  only  sixteen  in  which  the  roaos 
were  at  all  passable,  and  the  greater  part  of  that  time  only  partial  loads  of  brush 
could  be  hauled.  This  irregularity  in  the  supply  of  brush  greatly  increased  the  cost 
of  the  work.    The  upper-bank  protection  along  the  continuous  mattress  was  made 
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like  the  woven  revetment  constrncted  by  assistant  Samuel  H.  Tonge  at  Vermillio' 
Dak.  It  was  woven  into  the  low-water  revetment,  and  extended  up  the  bank  tohi^' 
water  mark.  The  cost  per  linear  foot  was  34  j^  cents.  The  grading  of  the  bank  co 
28 1^  cents  per  linear  foot. 

Funds  were  not  available  at  the  close  of  the  work  for  making  a  root,  and  as  a  parti 
substitute  the  bank  was  graded  very  Hat  for  a  distance  of  about  100  feet  at  the  hes 
of  the  revetment,  and  the  high- water  protection  carried  to  the  top  of  the  grade.  Th 
part  of  the  woven  work  was  strengthened  by  sewing  with  wire.  Stone  was  distribute 
over  the  surface  and  wired  to  the  brush. 

During  a  slight  rise  in  the  river  in  November,  1879,  a  break  appeared  in  the  leve 
ment  near  the  upper  end  of  the  490  feet  washed  out  July  15.  About  300  feet  of  tl 
repaired  work  was  soon  taken  in,  and  the  bank  then  remained  stable  until  ths  Api 
rise  of  1880,  when  the  break  was  again  enlarged..  This  break  occurring  at  a  compar 
tively  low  stage  of  the  river  indicated  that  there  was  a  serious  imperfection  in  tl 
revetment.  An  examination  showed  4^hat  there  was  an  opening  between  the  ma 
tresses  washed  out  in  July  and  the  one  placed  between  them  and  the  shore.  It 
probable  that  after  the  washout  in  July  the  low-water  bank  did  not  immediate 
take  a  natural  slope,  as  the  material  under  the  mats  was  not  entirely  removed. 

The  tendency  to  form  a  natural  slope  after  the  narrow  mats  were  placed  probal 
slid  the  outer  mat.s,  and  thus  caused  the  opening.  Owing  to  lack  of  funds  nothi 
has  been  done  to  repair  this  break,  and  it  now  extends  over  about  900  feet  of  shore 

The  surveys  of  the  season  consisted  of  shore  line  location,  and  of  slope  and  cr< 
section  measurements.  Sections  1,000  feet  apart  extending  over  the  reach  ft 
^  661  to  ^  679,  a  distance  of  7  miles,  were  twice  sounded.  The  slope  throughout 
same  distance  was  taken  at  points  2,000  feet  apart  at  the  time  of  sounding  sectic 
A  shore  survey  was  made  in  August  at  McQueen's  Bend  to  determine  the  proper  do 
stream  limit  for  the  revetment,  and  in  October  a  complete  low-water  survey  "' 
made  extending  over  the  whole  reach  covered  by  slope  measurement. 

The  map  referred  to  in  this  report  was  made  ^m  the  notes  of  the  August  and  O^ 
ber  surveys  in  connection  with  those  taken  by  the  Missouri  River  survey  party, 
this  map  are  platted  the  centers  of  figures  of  low-water  cross-section  areas,  tho9< 
the  same  survey  being  connected  by  dotted  lines.     It  will  be  seen  from  these  li 
that  since  the  surveys  of  1878  the  channel  immediately  below  McQueen's  Bend 
left  the  Missouri  shore  and  made  a  crossing  to  the  right  bank.    In  its  return  to 
left  bank  the  channel  approaches  the  revetment  of  1878  about  2,000  feet  below 
upper  end.     This  return  crossing  moves  down  stream  as  the  island  on  the  right  bs 
is  cut  away,  and  at  the  present  date  the  shore  line  has  receded  far  enough  to  alio' 
eonsiderable  percentage  of  the  stream  to  follow  the  right  bank  until  after  passing 
bridge.     This  change  of  channel  is  of  the  greatest  importance,  as  it  bids  fair  to  eft 
within  a  year  the  desired  rectification  of  channel  at  and  above  the  bridge.     Wh 
the  change  of  channel  is  greatest  the  slope  of  the  river  has  been  increased  since  18 
and  as  this  is  probably  due  to  the  energy  expended  in  excavating  the  new  be< 
may  be  argued  that  after  the  complete  rectification  is  made  and  further  changes  i 
prevented,  there  will  be  an  equal  if  not  a  greater  decrease  in  slope. 

In  January,  1880,  a  continuous  bar  extended  from  directly  below  McQueen's  B< 
to  about  1,000  feet  below  the  head  of  the  1878  revetment,  and  after  the  present  h 
water  is  past  it  will  undoubtedly  be  much  larger.  This  bar  should  be  built  up  s 
extended  by  means  of  sand  fences  and  dikes,  in  order  that  the  natural  tendencies  n 
be  aided  as  much  as  possible.  Owin^  to  the  break  at  McQueen's  Bend  and  the  € 
sion  above  the  revetment  any  discussion  of  future  operations  is  thought  to  be  useh 
as  all  consideration  of  the  subject  must  be  based  on  the  conditi<m  in  which  the  sh 
line  is  left  by  the  present  high-water.  It  is  thought,  however,  that  on  account  of 
favorable  changes  now  taking  place  above  the  bridge  the  plan  heretofore  folloi? 
should  be  adhered  to  if  possible. 

In  future  operations  with  the  mattress-boat,  I  would  respectfully  recommend  t 
the  ways  be  extended  at  the  shore  end  of  the  boat  by  means  of  a  jointe<l  platform 
that  the  mattress  may  be  made  continuous  to  the  top  of  the  bank.  The  connect! 
with  the  boat  should  be  sufiiciently  stnmg  to  allow  of  a  tackle  being  attached  to 
extreme  shore  end  of  the  platform  and  a  horse  employed  in  moving  the  boat.  ' 
walking  planks  on  the  ways  should  be  placed  lower  than  they  have  been  thus  far. 
■avoid  any  friction  of  the  brush  against  them. 

The  brush  used  on  the  work  was  principally  dogwood ;  797^  cords  were  purcbae 
delivered  on  the  river  bank  at  8.5  cents  per  cord. 

After  boating  a  distance  of  two  miles  it  cost,  delivered  at  the  works,  $1.16^ 
cord;  1,476  cords  were  cut  and  delivered  by  hired  labor,  there  being  no  expense 
the  standing  brush ;  it  was  hauled  a  distance  of  6  miles  and  cost  $1.26  per  cord; 
•cords  of  willow  brush  were  used  on  upper-bank  protection ;  it  was  procured  fr 
vaiiouB  sources,  the  cost  of  cutting  and  delivering  being  $1.54  per  cord.     The  8t4 
was  taken  from  that  purchased  in  1878  and  not  expended.    The  price  given  in  i 
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allowing  financial  statement  is  the  original  cost  added  to  the  cost  of  delivery  at  iiie 
STetmeDt. 

Tables  of  the  slope  an  section  measnrements  made  in  1878,  under  the  super- 

ision  of  Assistant  C.  B.  Davis,  and  those  made  in  1879,  are  respectfully  submitted 
rith  this  report. 

I  am  indebted  to  Capt.  D.  W.  Wellman,  assistant  engineer,  for  notes  of  Missouri  River 
orvey  extending  over  that  postion  of  the  reach  between  A  638  and  A  660 ;  the  lat- 
er point  being  the  upstream  limit  of  surveys  made  in  c<)nnection  with  the  work. 

I  wish  also  to  acknowledge  the  able  assistance  of  Messrs.  G.  £.  Fritcher  and  A.  P. 
)yke ;  Assistant  Fritcher  being  in  local  charge  of  construction,  and  Assistant  Dyke  in 
tharge  of  surveys. 

1  have  the  honor  to  be,  major,  very  respectfully,  your  obedient  servant, 

D.  W.  Church, 
Aangtant  Engineer. 

Mig.  Chas.  R.  Suter, 

Corpe  of  Engineers f  U.  S,  A. 


Q  9- 

ilPROVEMENT  OF    THE    MISSOURI    RIVER    OPPOSITE    SAINT    JOSEPH, 

MISSOURI. 

In  my  last  report  it  was  stated  that  in  continuation  of  the  work  then 
I  progress  it  was  proposed  to  cat  down  the  old  dikes  opposite  the  city, 
nd  to  revet  a  portion  of  the  left  bank  above  the  railroad  bridge.  Atten- 
on  was  also  called  to  the  necessity  of  extending  the  work  up  stream 
)  guard  against  the  effects  of  an  apprehended  cutoff'  at  Amazonia, 
his  cut-off  has  since  taken  place,  but  the  effects  are  not  yet  fully  devel- 
[)ed.  Work  was  carried  on  in  accordance  with  the  plan  proposed,  and 
000  feet  of  revetment  successfully  constructed  on  the  left  bank  above 
le  railroad  bridge. 

During  the  present  season  it  is  proposed  to  extend  the  works  to  the 
pper  side  of  the  French  Bottom,  to  remove  the  old  dikes,  and  begin  the 
liannel  rectification. 

All  the  work  has  stood  very  well.  Assistant  D.  W.  Church  had  charge 
f  the  work.  Assistant  D.  F.  Pruyne  being  in  local  charge. 

The  work  is  sitnated  Id  the  collection  district  of  New  Orleans,  and  the  nearest  port 

'  delivery  is  Omaha,  Nebr. 

The  nearest  fort  is  at  Leavenworth.  Kans. 

Anioant  of  revenae  collected  at  Omaha,  Nebr.,  during  fiscal  year  ending  June  30, 

i80,  was  $3,605.21. 

Money  statement, 

ily  1,  1879,  amount  available $10,068  66 

mount  appropriated  by  act  approved  June  14,  1880 20, 000  00 

$30, 068  66 

ily  1,  1880,  amount  expended  during  fiscal  year 8,913  05 

ily  1,  1880,  amount  available 21, 155  61 

mount  (estimated)  required  for  completion  of  existing  project 64, 000  00 

mount  that  can  be  profitably  expended  in  fiscal  year  ending  June  30, 1882.     64, 000  00 


RBPORT  OF  MR.  D.    W.   CHURCH,   ASSISTANT  ENGINEER. 

Atchison,  Kans.,  August  2,  1880. 

Major  :  I  have  the  honor  to  submit  the  following  report  on  the  work  carried  on 
ider  my  charge  in  the  vicinity  of  Saint  Joseph,  Mo.,  during  the  fiscal  year  ending 
ine  30,  1880. 

The  water  front  of  the  city  of  Saint  Joseph  has  been  subject  to  erosion  from  time 
» time  throughout  its  whole  extent,  and  large  sums  of  money  have  been  expended 
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by  the  Kansas  City,  Saint  Joseph  and  Council  Bluff  Railroad  Company  in  work» 
protection.  This  protection,  which  consisted  of  short  spur-dikes  together  witt 
heavy  riprap  on  the  intervening  bank,  extended  to  within  2,(hi4  feet  of  the  east  t^p 
ment  of  the  Saint  Joseph  bridge.  The  latter  section  of  shore  was  receding  each  ym 
and  it  was  proposed  in  the  place  of  the  season's  operations  to  protect  it  with  a  b; 
revetment. 

The  banks  at  low-wal«c  are  about  25  feet  high,  and  composed  of  very  hard  clay, 
was  learned,  trom  borings  previously  made  in  the  vicinity,  that  this  clay  extends  a 
16  feet  below  low-water.     It  is  underlaid  by  8  feet  of  quicksand,  below  which  ther» 
day,  sand,  gravel,  and  bowlders  to  bed-rock.    The  clay  of  the  upper  stratum  is  su 
ciently  tenacious  to  almost  entirely  resist  the  action  of  flowing  water  at  any  veloci 
acquired  by  the  Missouri  River,  and  in  it«elf  required  no  protection;  it  was  only  neci 
sary  to  prevent  the  sconring  out  of  the  quick^umd  layer. 

As  a  result  of  Bonndings  the  wid^h  of  revetment  decided  upon  was  70  feet,  measnr—' 
ing  from  the  water's  edge,  no  high- water  revetment  being  deemed  necessary. 

Local  obstructions  along  shore  were  such  as  to  interfere  with  making  the  revetmen't 
in  sections  on  the  bank  and  floating  it  to  place,  and  the  other  usual  alternative,  th^t 
of  constructing  it  on  a  boat,  could  not  well  be  adopted  as  tht^re  waa  neither  a  suitable 
boat  on  the  work  or  money  which  could  be  spared  for  building  one ;  ajs  a  snbstitn't^^ 
a  floating  platform  was  devised,  the  cost  of  which  was  about- the  same  as  m  set  of  fix»^ 
ways  on  shore,  and  which  could  be  used  in  the  same  manner  as  a  boat  for  com^ractin^ 
a  continuous  mattress. 

The  form  of  revetment  adopted  was  the  woven  mat,  introduced  by  Samuel  H.  Yongi»« 
assistant  engineer  at  Vermillion,  Dak.,  and  the  float  was  designed  for  that  purpos^^ 
Its  use  is  not,  however,  restricted  to  that  particular  method.     A  drawing  of  the  floa 
as  finally  used  accompanies  this  report.     It  was  60  feet  long  and  12  feet  and  8  inch 
wide.     Ranged  across  nnder  the  platform  every  5  feet  were  box  floats,  1*2  in  all,  th< 
cross-section  of  each  being  1  square  foot  and  the  length  12  feet  and  4  inches.    Th( 
boxes  were  made  of  3-inch  pine  plank,  and  on  top  of  each  there  was  an  extra  plank 
prevent  the  spikes  from  the  platform  from  reaching  the  intdde  of  the  box  and  thereby 
causing  a  leak.     In  the  joints  a  strip  of  flannel  was  laid  in  white  lead,  and  the  whole 
thoroughly  tarred  after  nailing.     Besides  the  bracing  afforded  by  the  close  platform 
spiked  on  the  top  of  the  boxes,  there  was  a  continuous  stretch  of  plank  nailed  to  theii 
ends  and  diagonal  braces  underneath.     On  the  platform  and  directly  over  each  box  a 
plank  1  foot  wide  and  12  feet  long  was  set  upon  edge  and  braced  by  spiking  a  6-inch 
angle  piece  on  each  side.    These  planks  served  as  ways.     They  projected  over  the 
edge  of  the  float  2  feet,  and  on  the  projecting  end  were  rounded  down  to  a  height  of  5 
inches.     Four  cleats  were  bolted  to  the  platform  for  use  in  attaching  the  lines. 

The  float  was  used  in  the  same  manner  as  the  various  boats  which  have  been  em- 
ployed in  constructing  continuous  revetment. 

Before  any  portion  of  the  mat  had  been  made  to  break  the  current  the  presflnie 
against  the  float  was  so  great  that  it  conld  not  be  held  with  safety  perpendicular  to 
the  shore.  Therefore,  in  starting,  the  float  was  placed  along  shore,  and  the  mat  built 
out  towards  the  center  of  the  stream  until  a  width  of  70  feet  was  reached.  Weaving 
was  then  commenced  on  the  down-stream  side  of  the  mat,  with  the  float  in  ite  proper 
position,  perpendicular  tq  the  shore.  The  brush  used  being  willow,  the  mat  was  suf- 
ficiently buoyant  to  supx>ort  the  men  carrying  brush,  and  none  except  the  weavers 
and  their  helpers  were  or  the  platform. 

The  up-stream  edge  of  the  platform  was  tipped  below  the  water  as  the  mattress  wat 
woven  into  it,  and  to  prevent  the  current  from  partiallv  sinking  and  turning  the  float 
a  line  was  attached  to  the  up-stream  outer  comer  and  from  thence  over  the  mat  to  the 
shore  above.  The  place  occupied  by  the  weaver  was  always  above  water,  and  the 
tipping  of  the  platform  was  of  advantage  in  moving  the  float. 

For  the  purpose  of  strengthening  the  mat  and  securing  it  to  the  float  2  lines  f  of  an 
inch  in  diameter  were  woven  into  it,  one  near  the  outer  edge  and  the  other  16  feet 
from  shore.  A  windlass  on  shore  was  employed  in  moving  the  float  from  under  the 
mat.  The  progress  per  day  was  at  first  but  about  40  feet,  and  to  ha8t«n  the  work  a 
second  float  was  made,  and  another  gang  of  weavers  employed  as  soon  as  the  first  was 
in  successful  operation.  This  float  was  placed  about  midway  of  the  unprotected  shore, 
and  used  to  construct  the  mattress  from  that  point  to  the  bridge. 

The  revetment  crossed  the  mouths  of  two  creeks,  which  at  times  of  heavy  rainfall 
discharge  large  quantities  of  water  into  the  Missouri.  The  work  was  carrieid  a  short 
distance  up  the  beds  of  these  streams  and  well  weighted  with  rook.  For  sinking  the 
mat  11  cubic  yards  of  rock  (about  14  tons)  were  used  per  100  linear  feet. 

The  work  was  completed  to  the  bridge  November  27.  Ita  cost  per  linear  foot  was 
$1.67.  The  greatest  item  of  cost  is  the  weaving,  and  therefore  for  cheapness  in  this 
form  of  revetment  it  is  requisite  that  the  labor  employed  be  skilled  in  the  work. 
With  the  exception  of  one  man,  the  workmen  employed  at  this  point  were  withoal 
previous  practice. 

The  float  system  is  believed  to  be  advantageous  where  the  amount  of  work  to  bsi 
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le  will  not  fally  warrant  the  construction  of  a  boat.  There  may  be  localities  on 
»  Missouri  River  where  the  strength  of  the  current  would  forbid  its  use,  but  such  is 
t,  generally  the  case.  It  is  essential  that  willow  or  other  brush  of  small  specitio 
kvity  be  used.  The  chief  advantages  of  the  float  are  it  cheapnesst  the  small  cost 
lengthening  it  for  constructing  a  greater  width  of  revetment,  and  the  ease  with 
lich  it  is  moved  from  under  the  mat. 

kfter  the  completiou  of  the  revetment,  and  at  a  time  when  the  ground  was  satu- 
ted  by  a  heavy  rainfall,  it  was  noticed  that  portions  of  the  upper  bank  had  settled, 
ithont  any  apparent  movement  of  the  revetment.  It  was  evident  that  the  action 
ok  place  entirely  from  above  the  water,  as  that  part  of  the  mattress  which  was  on 
le  bank  was  partially  folded  by  the  pressure  of  earth  against  its  edge.  The  water 
hich  oozed  from  the  bank  kept  it  in  a  plastic  state,  and  the  clay  seemed  to  have 
)wed  down  on  account  of  the  st-eepness  of  the  slope.  The  work  received  no  injury 
om  this  caose. 

During  the  April  rise  of  1880  the  shore  end  of  the  mat  was  torn  in  several  places  by 
e  current,  tJ^ere  being  an  insufficiency  of  stcuie  on  the  part  exposed  during  low-water. 
» portion  of  the  work  was  carried  away,  and  all  damage  was  repaired  by  placing 
>re  stone  along  the  broken  edge. 

Slight  repairs  were  made  at  dike  No.  li,  on  the  Kansas  shore,  in  July,  1879,  and  in 
ly,  1H80,  3  small  mattresses  were  put  in  immediately  above  dike  No.  2,  to  repair  a 
eak  which  threatened  the  destruction  of  the  dike  at  lii^h- water.  The  brush  used  on 
i  work  of  the  season  was  willow.  It  was  purchased  in  various  localities  at  prices 
aging  from  10  to  25  cents  per  load  for  the  standing  brush.  The  stone  was  pnr- 
ased,  delivered  at  the  work,  for  95  cents  per  cubic  yard. 

The  principal  surveys  of  the  season  were  made  with  a  view  to  observing  the  effect 
the  cut-off  which  took  place  near  Amazonia,  Mo.,  July  22,  1880.  These  surveys 
11  be  reported  upon  as  soon  as  others  have  been  made  to  note  the  changes, 
[n  November  a  low-water  survey  was  started  at  the  bridge  and  carried  to  a  point  4 
les  above.  It  then  become  necessary  to  discharge  the  party  in  order  that  work 
the  revetment  might  not  be  crippled  through  lack  of  funds.  The  accompanying 
ip  is  made  from  the  notes  of  the  Missouri  River  survey.  The  low-water  survey  is 
itted  thereon,  and  throughout  its  extent  the  shore  lines  of  the  general  survey  are 
tted. 

Since  June  23,  the  date  of  my  letter  to  you  proposing  a  plan  for  the  expenditure  of 
9  present  appropriation  and  containing  estimates  lor  the  future,  no  surveys  have 
Du  made,  and  consequently  a  more  definite  discussion  of  future  operations  than  is 
Qtained  in  the  letter  referred  to  cannot  yet  be  had. 

[  wish  here  to  acknowledge  my  indebtedness  to  Mr.  D.  W.  Wellman,  assistant  engi- 
Br,  for  the  use  of  notes  of  the  Missouri  River  survey. 

rhe  works  of  construction  at  this  point  were  under  the  local  charge  of  Assistant  D. 
Pruyne. 

I  am,*m%jor,  very  respectfully,  your  obedient  servant, 

D.  W.  Church, 
lf%i.  Chas.  R.  Sutkr,  AsdiBtant  Engineer, 

Carpt  of  Engineers f  U,  S.  A, 


Q  10. 

IMPROVEMENT  OF  MISSOURI  RIVER  AT  BROWNVILLE,  NEBRASKA. 

A  report  upou  this  locality  was  submitted  to  you  under  date  of  Feb- 
ary  7, 1880,  and  published  as  Senate  Ex.  Doc.  No.  82,  Forty-sixth  Cong., 
cond  session. 

By  act  approved  June  14, 1880,  a  small  appropriation  was  made  for 
ginning  this  work,  and  will  be  expended  during  the  present  season  in 
e  prosecution  of  the  plan  proposed. 

rhis  work  is  in  tbe  collection  district  of  New  Orleans,  and  the  nearest  port  of  delivery 
Omaha,  Nebr.    The  nearest  fort  is  at  Leavenworth,  Kans. 

kmount  of  revenue  collected  at  Omaha,  Nebr.,  during  fiscal  year  ending  June  30, 
U>,  was  13,605.21. 

Money  statement 

lonnt  appropriated  by  act  approved  June  14,  1880 |10, 000  00 

ly  1,  1880,  amount  available 10,000  00 

lount  (estimated)  required  for  completion  of  existing  project 51, 000  (K) 

lonnt  that  can  be  prohtably  expended  in  fiscal  year  ending  Jnne  30, 1882.  51, 000  00 
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special.  report. 

United  States  Engineer  Office, 

Saint  LouiSy  Mo.j  February  7, 1880. 

r^  General  :  In  accordance  with  your  instructions  of  January  19, 1880, 
I  beg  leave  t;0  submit  herewith  a  copy  of  a  map  of  the  Missouri  Rivet 
in  the  vicinity  of  Brown  ville,  Nebr.,  made  under  my  direction  during  the 
past  season,  and  also  a  report  of  my  assistant,  Capt.  Thomas  H.  Haod- 
bury,  Corps  of  Engineers,  U.  S.  A.,  giving  the  details  of  the  situation, 
together  with  plan  and  estimates  for  a  partial  improvement  of  the  river 
in  this  vicinity.    The  plan  proposed  and  the  estimates  are  approved  by 
me.    It  is  only  deemed  necessary  for  the  present  to  hold  the  left  bank 
opposite  and  above  the  town  and  the  right  bank  below  it,  thus  preveatr 
ing  further  injurious  changes,  leaving  the  question  of  the  complete  rec^- 
tification  of  the  river  in  this  vicinity  for  future  consideration.    To  carry 
out  this  plan  some  22,000  feet  of  mattress  revetment  will  be  needed^ 
and  the  estimate  is  as  tbllows : 

For  22,000  feet  of  revetment,  at  $2.50  per  foot $65,(WO 

ContingeDcies,  &c 6,' 

Total 61, 

I  am,  general,  very  respectfully,  your  obedient  servant, 

Chas.  R.  Suter, 
Brig.  Gen.  H.  G.  Wright,  Major  of  Engineers. 

Chief  of  Engineers^  U.  8.  A. 


report  of  capt.  thomas  h.  handbury,  corps  of  engineers. 

United  States  Engineer  Office, 

Saint  Louie,  Mo,,  February  6,  1880. 

Major:  In  obedience  to  your  recent  verbal  instructions  to  prepare  and  submit 
plan  and  estimate  for  the  improvement  of  the  Missouri  Kiver  in  the  vicinity  of  Brown- 
ville,  Nebr.,  I  have  the  honor  to  submit  the  following : 

After  a  careful  study  of  the  map  of  the  Missouri  River  in  this  vicinity  recentl; 
made  by  your  assistant,  D.  W.  Wellman,  and  of  others  of  older  date,  and  from  conver- 
sation with  those  who  are  familiar  with  the  locality,  I  tind  that  for  several  years  past 
the  river  has  «.eeu  eroding  the  right  bank  in  front  of  and  below  the  town,  and  the 
left  bank  just  opxiosite  and  in  the  bend  above,  to  such  au  ext'ent  as  to  materially 
widen  the  bed  and  decrease  the  depth  of  the  navigable  water-way.  It  is  evident  that 
if  these  erosions  are  not  checked,  the  navigation  of  the  river  in  this  vicinity  will  be 
seriously  impaired.  Brownville  is  a  point  of  considerable  importance  as  a  crossing  of 
the  Missouri  River.  The  ferry  facilities  for  crossing  the  emigrants,  stock,  grain,  and 
produce  of  all  kinds  that  center  here  have  heretofore  been  very  good,  but  there  is 
great  danger  that  if  the  erosion  of  the  point  at  which  the  eastern  landing  is  made 
continues  much  farther,  shoals  and  bars  will  be  formed  in  the  widened  bed  of  the 
river  that  will  render  long  detours  necessary,  and  perhaps  break  up  the  ferry  entirely. 

By  the  expenditure  now  of  a  very  reasonable  amount  of  money  these  erosions  can  be 
stopped,  whereas  if  the  matter  is  deferred  until  a  later  day,  great  detriment  to  navi- 
gation will  result,  the  ultimate  expense  of  remedying  which  will  be  very  much  in- 
creased. 

For  the  present,  I  would  recommend,  that  the  left  bank  be  revetted  from  the  ferry 
landing  up  for  a  distance  of  5,000  feet.  It  might  be  well  also  to  make  provision  for 
extending  this  some  10,000  feet  farther,  in  case  the  main  channel  of  the  river  should 
fall  against  the  concave  side  of  Rocknort  Bend.  I  would  also  revet  the  right  bank 
from  al)out  the  ferry  landing  down  for  a  distance  of  7,000  feet.  This  I  deem  to  be 
necessary  in  order  to  prevent  further  widening  of  the  river  bed,  and  to  preserve  mnoh 
valuable  land  from  being  washed  away.  This  will  make  about  22,000  feet  of  bank  to 
be  revetted. 

I  say  for  the  present  I  would  recommend  this  to  be  done^  but  I  do  not  regard  this 
as  the  ultimate  solntion  of  the  problem.  The  true  remedy,  m  my  opinion,  ia  to  restore 
the  shore  line  of  the  left  bank  to  something  like  what  it  was  before  the  recent  excessive 
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siouB  besan,  and  then  to  revet  the  banks  on  both  sides  of  the  river  for  some  distance 
>ve  and  below  the  town.  This  part  of  the  improvement  I  do  not  deem  it  necessary- 
commence  at  present.  Its  consideration  will  natiii*ally  come  np  when  the  problem 
improving  the  general  navigation  of  the  river  is  under  discussion. 
Jpon  the  accompanying  map  I  have  indicated  the  portion  of  the  banks  that  I  think 
expedient  to  revet  as  soon  as  funds  can  be  made  available.  The  revetment  that  I 
aid  propose  for  adoption  here  would  be  some  form  such  as  has  been  used  with  suc- 
s  daring  last  season  at  the  several  localities  along  the  river  where  works  of  improve- 
nt  were  carried  on  under  your  directions,  and  such  as  was  recommended  in  my  re- 
•t  to  you,  dat^id  January  20j  188U,  on  the  improvement  of  the  Missouri  River  between 
laha  and  Plattsmonth. 

estimate  that  in  this  locality  the  revetment  can  be  made  for  |2.50  per  running  foot 
>£Dk. 
^X  this  rate,  the  estimate  for  that  which  I  deem  necessary  to  be  done  under  the  pres- 

project  will  be  as  follows: 

-  *22,000  feet  of  brush  revetment,  at  |2.50  per  foot $55, 000 

»«rintendence,  contingencies,  &c 6, 000 


l«4fpectfully  submitted. 
Your  obedient  servant, 

laj.  C.  R.  SuTER, 

Corps  of  Engineers,  l\  S.  A. 


61,000 


Thos.  H.  Handbltry, 

Captain,  Corps  of  Engineers. 


Q  II. 

^ROVEMENT  OF  MISSOURI  RIVER  AT  EASTPORT,  IOWA,  AND   AT  NE- 
BRASKA CITY,  NEBRASKA. 

-At  the  date  of  my  last  report  work  was  ia  progress  at  this  locality, 
^inly  directed  to  saving  the  work  of  the  previous  year.  This  was  at 
:igth  accomplished,  but  at  the  expense  of  a  large  portion  of  the  appro- 
iation.  Work  was  then  begun  on  the  works  of  channel  rectification, 
d  some  very  excellent  methods  of  construction  for  this  class  of  works 
>re  devised.  The  season  for  favorable  work  had,  however,  passed  by, 
d  lack  of  funds  prevented  the  works  from  receiving  the  proper  exten- 
n.  The  same  remark  applies  to  the  new  revetment  work  constructed, 
icb  of  which  was  destroyed  by  the  floods  of  this  season,  owing  solely 
the  reason  that  it  was  incomplete.  These  facts  are  the  more  discour- 
ng  as  there  is  little  doubt,  from  the  temporary  success  achieved,  that 
afficient  amount  of  available  funds  would  have  enabled  us  to  accom- 
sh  the  objects  proposed.  The  appropriation  for  this  year  is  smaller 
m  ever  and  will  accomplish  little,  and  it  cannot  be  too  strongly  urged 
kt  if  the  ruinous  system  of  small  annual  appropriations,  entirely  in- 
nmensurate  with  the  estimates,  is  to  be  kept  up  for  these  works  on 
t  Missouri  River,  there  is  no  telling  how  much  they  will  eventually 
\t  nor  whether  they  can  ever  be  completed. 

During  the  season,  in  addition  to  the  repairs  on  old  work,  there  was 
istructed  2,000  feet  of  revetment,  1,200  feet  of  sand  fence,  3,000  feet 
willow  curtain  dike,  and  1,000  feet  of  wire  curtain  dike.  These  latter 
nstructions  are  novel  and  interesting ;  they  are  fully  described  in  the 
peuded  report  of  Assistant  L.  E.  Cooley,  who  had  charge  of  the  work. 
During  the  present  season  the  various  works  of  bank  protection  and 
annel  rectification  will  be  extended  as  far  as  the  funds  available  will 
low. 

Fhe  work  is  situated  in  the  collection  district  of  New  Orleans,  and  the  nearest  port 
delivery  is  Omaha,  Nebr.    The  nearest  fort  is  at  Leavenworth,  Kans. 
Amoaut  of  revenae  collected  at  Omaha,  Nebr.,  during  fiscal  year  ending  June  30, 
90,  was  13,605.21. 

90e 


{ 
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Money  statement. 

July  1,  1879,  amount  available f28, 055  15 

Amouut  appropriated  by  act  approved  June  14,  1880 14, 000  00 

$42,065 15 

July  1,  1880,  amount  expended  during  fiscal  year 27,43695 

July  1,  1880,  amouut  available 14,618«) 

Amount  (estimatod)  required  for  completion  of  existing  project 41,000  00 

Amoimt  that  can  be  profitably  expended  in  fiscal  year  ending  June  30,  1882.    41,000  Oi^ 


REPORT  OF   MR.    L.    E.   COOLEY,    ASSISTANT  ENGINEER. 

Nebraska  City,  Nebr.,  Juljf  26, 1*^0. 

Major:  I  have  the  honor  to  submit  the  followiug  report  of  operations  at  Nebniski 
City  and  vicinity  during  the  fiscal  jrear  ending  June  30,  1880.  These  operations  weie 
conducted  in  general  accordance  with  the  preRminary  project  of  July  14,  1879,  which 
contemplates  the  ultimate  rectification  of  the  river  from  the  vicinity  of  Jones'  Point 
to  Nebnwka  City,  a  distance  of  some  15  miles.  The  experience  of  the  past  two  yean 
has  confirmed  the  idea  of  the  original  project  that  any  improvement  which  accom- 
plishes the  objects  desired  at  this  point  implies  the  complete  control  of  a  considerable 
reach  of  river.  At  the  present  writing  it  is  believed,  if  permanence  be  at  all  consid- 
ered, that  it  is  not  only  wisest  but  cheapest  to  commence  above  the  place  to  be  affected 
at  some  permanent  nodal  point  where  easy  control  of  the  direction  of  the  stream  may 
be  had,  working  thence  down  stream.  Works  are  then  placed  on  the  sites  of  causes 
rather  than  on  the  sites  of  effects,  and  control  forces  which  cannot  be  directly  resiated 
except  at  great  and  uncertain  expense ;  successful  works  may  be  outllanked  by  the 
(incontrolled  river  of  succeeding  years. 

The  vital  nature  of  certain  points  to  be  protected,  combined  with  omnipresent  local 
interests,  frequently  demand  works  on  the  sites  of  effects,  and  it  is  too  otteu  the  caae 
that  more  money  is  expended  in  constructions  of  doubtful  stability  than  would  be 
required  for  complete  rectification  and  reasonable  permanence. 

The  absolute  necessity  of  holding  Eastport  Point  at  all  hazards  demanded  the  con- 
struction of  works  of  protection  at  that  place  in  1873.  The  changes  which  occurred 
in  the  spring  of  1879  (luUy  described  in  report  of  last  year)  prove<V  these  works  to  be 
inadequate,  and  in  the  figlit  which  took  pla«e  against  water  60  feet  deep  running  at 
8  miles  per  hour,  although  ultimately  successful,  a  larger  portion  of  the  appropriation 
was  expended,  leaving  but  a  limited  amount  for  the  scheme  of  permanent  rectification 
Could  all  the  funds  have  been  devoted  to  that  object  it  is  believed  the  project  would 
now  be  well  advanced  towards  completion. 

The  balance  available  was  expended  in  making  borings,  in  surveys,  and  in  construc- 
tion. The  nature  of  strata  underlying  banks  tnat  cut  at  the  rate  of  a  thousand  or 
more  feet  per  year  and  what  obstructions,  if  any,  to  a  projected  shore  line  might  exist 
beneath  the  surface  of  the  bottom,  were  regarded  as  questions  of  paramount  practical 
importance  a«  well  as  of  much  scientific  interest.  The  results  of  the  38  horings  made 
to  permanent  strata  by  Assistant  £.  N.  Wilson  are  presented  in  his  report  to  yon. 

Much  physical  data  has  been  collected  at  odd  times  by  the  party  engaged  for  ih^ 
most  part  in  studying  the  effects  of  the  works  of  construction,  hut  aa  their  labors  wei 
prematurely  cut  short  by  the  orders  of  October  16,  1879,  the  discussion  of  the  result 
IS  deferred  until  opportunity  is  furnished  to  make  the  data  more  adequate. 

The  works  of  construction  consisted  of  about  1,000  feet  of  revetnient  below  the  moutl 
of  Walnut  Creek  at  the  foot  of  Copeland's  Bend,  and  another  thousand  below  Lam — ' 
berths  orchard  in  Civil  Bend;  of  a  curtain  dike  above  Neligh's,  and  a  second  nearlj:^ 
opposite  the  old  dike  of  1877,  designed  as  part  of  the  works  to  direct  the  river  in  the*^ 
desired  course  through  Copeland^s  Bend ;  of  a  sand  fence  opposite  Neligh's  for  the  pur-  " 
pose  of  building  up  the  bar;  and  of  a  surface  mat  in  Eastport  Bend  for  the  purpose  of^ 

Ereventing  the  advance  of  the  pocket  around  the  bend  and  the  flanking  of  the  works 
elow. 

Some  description  of  the  changes  of  the  river  in  this  reach  is  necessary  to  a  proper 
understanding  of  the  object  of  these  works  and  of  their  results. 

The  point  to  which  much  change  has  been  apparently  due,  in  part  at  least,  is  about 
3  miles  above  Jones*  Point  and  is  called  Pin  Hook.  This  is  a  sharp  irregularity  in  the 
bluff,  pnvjecting  to  one-half  the  width  of  the  normal  river.  To  Jones'  Point  below,  the 
shore  line  has  a  curvature  of  about  40  de&^rees. 

A  slight  change  in  the  vicinity  of  Pin  Hook  will  cause  the  river  to  leave  the  shore- 
line below  and  follow  the  chord  of  the  curve,  as  it  does  follow  the  curve  on  this  chord 
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ree  to  the  eastward  or  the  westward  of  the  large  middle  bar  below  Jones' 
his  bar  is  ou  the  site  of  old  Hnrricane  Island. 

tie  river  ran  to  the  westward  of  the  bar  it  impinged  heavily  on  the  shore  of 
d  at  Lambert^s  Orchard,  and  excavated  there  a  large  pocket,  striking  the 
I  above  Wyoming  Landing.  This  seems  to  have  been  the  case  at  the  time 
t  survey  in  1876  and  1877.  By  1878  the  river  had  shifted  to  the  eastward  of 
od  the  place  of  erosion  had  been  transferred  to  the  point  below  the  pocket, 
ication  seemed  to  make  it  probable  that  the  nver  would  hold  to  this  course 
I  years,  or  until  the  project  below  could  be  consummated,  when  this  portion 
^iven  proper  attention. 

►ject  was  to  revet  the  pocket  and  allow  the  point  to  cut  away,  extending 
tion  down  as  fast  as  the  new  shore  developed  to  a  fair  line.  The  cutting 
his  point  w^ould  allow  of  the  desired  course  through  Copeland's  Bend  free 
act  with  the  Wyoming  Bluffs.  According  as  the  river  had  met  these  bluffs 
i  certain  extent  influenced  in  its  wanderings  below. 

bout  July  5,  1879,  the  river  continaed  to  the  east  of  the  bar  below  Jones' 
he  point  of  land  and  the  bar  opposite  Wyoming  cut  away  rapidly,  and  the 
act  nearly  disappeared  at  Nelign*s.  The  changes  below  were  most  marked, 
ver  seemed  in  fair  way  to  accomplish  fully  the  object  desired — a  fortunate 
Qce,  as  all  energies  were  then  concentrated  in  the  bare  ta«k  of  holding  East- 

1  the  5th  and  the  15th  of  July,  the  channel  shifted  to  the  westward  of  the 
Jones^  Point  and  struck  heavily  against  the  revetment  in  Civil  Bend.  The 
let  at  Wyoming  moved  rapidly  up  stream,  and  the  advantage  gained  below 
id's  Bend  seemed  likely  to  be  lost.  As  soon  as  the  forces  could  be  withdrawn 
port  Point,  a  dike  of  willow  curtains  was  constructed  above  Neligh's  on 
B  as  would  preserve  the  direction  in  which  the  river  ran  while  it  was  ac- 
ig  the  changes  below,  and  prevent  it  from  striking  the  bluffs  and  returning 
course.  This  plan  succeeded  beyond  our  most  sanguine  expectations,  but 
jults  could  be  secured  the  appropriation  was  exhausted, 
le  a  second  dike  was  constructed  below  from  the  bar  side  ou  left  bank,  de- 
increase  the  width  of  accretion  and  possibly  to  force  the  water  down  the 
his  dike  failed  to  force  the  water  in  the  chute,  but  otherwise  was  an  ample 

inticipated  change  below  Jones*  Point  altered  materially  the  problem  in  Civil 
jvetment  originally  desiguecl  to  resist  erosion  from  nearly  tangential  flow 
subject  to  direct  impact.  This  revetment  was  of  the  same  width  as  that 
designed  for  Eastport  Point,  and  like  it,  under  similar  conditions,  it  failed, 
length  of  1,000  feet.  The  success  at  Wyoming  led  us  to  believe  that  the 
aid  be  still  carried  out,  and  accordingly  a  very  strong,  continuous  mattress, 
ide,  was  laid  down  on  modified  li-nes  in  place  of  that  which  had  been  found 
e.     The  design  was  to  extend  it  either  way  as  the  shore  cut  to  a  fair  line. 

MATTRESS  WORK. 

b tress  work  on  Eastport  Point  was  not  completed  at  the  end  of  the  last  fiscal 
e  surface  portion  was  everywhere  widened  sufficiently  to  provide  for  sconr 
d  covered  with  earth  as  a  protection  iigainst  sun  and  air.  Part  of  this  sur- 
on  was  constructed  on  the  system  of  woven  mattress  work  described  in 
Yonge's  report  to  you  for  1879.  By  the  end  of  July  the  pocket,  which  had 
he  head  of  Eastport  Bend  and  attained  a  depth  of  1,300  feet,  was  within 
'ters  of  a  mile  of  the  revetment.  It  was  thought  that  a  very  strong  surface 
1  at  the  point  of  the  pocket  might  stop  its  progress  around  the  bend  and 
river  out  into  the  bar  away  from  Eastport  Point.  The  partial  success  of  a 
ace  mat  above  the  root  of  1878  was  auspicious. 

Qgly  a  mattress  of  an  area  of  31,500  square  feet  was  woven  from  dogwood 
strongly  sewed  with  wire  and  heavily  weighted  w^ith  rock.  When  about 
»  width,  or  80  feet,  had  caved  into  the  water  it  began  to  tear  or  brekk  at  the 
e  bank,  now  6  to  8  feet  high.  With  additional  caving  the  mat  appeared  to 
i  wrecked  except  a  small  comer.  However,  as  the  erosion  at  this  point  was 
checke<l  while  it  continued  above  and  the  channel  rapidly  swung  over  into 
•posite,  much  to  the  safety  of  Eastport  Poiut,  I  am  inclined  to  credit  it  with 
)le  influence,  esitecially  as  portions  of  the  mat  were  found  in  position  as  late 

• 

cX>eriment  it  simply  demonstrated  that  a  woven  mat  of  dogwood  brush  well 
wire  lacked  sufficient  strength  for  the  purpose.     It  was  thought  that  a 
ble  mat  of  willow  brush  woven  on  a  very  strong  wire  netting,  well  weighted, 
'e  been  an  unqualified  success. 

le  revetment  of  the  fall  of  1879  was  woven  from  willow  brush  in  continuous 
XTie  general  width  was  100  feet  from  top  of  bank,  the  tV\\cW\ie«a  ^  \jo  V^l 
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inche8,  and  from  3  to  4  poundB  of  rock  to  the  square  foot  was  used  as  ballast.  Tbe 
banks  in  all  cases  were  sloped  2^  to  1.  The  experiment  of  weaving  on  the  surface  of 
the  water  without  a  boat  miled,  as  the  mat  in  a  few  hours  so  loaded  up  with  sediment 
as  to  sink. 

As  the  work  contemplated  was  limited,  the  old  mattress  was  temporarily  adapted 
to  the  purpose.  The  hull  was  turned  at  right  angles  to  the  current,  a  curved  rake 
placed  on  the  unperside  and  needles  projecting  up  stream  on  which  to  weave  the  mat 
The  motion  of  tne  boat  was  controlled  by  capstans  and  winches  through  lines  nmning 
aft.  A  headline  was  used  for  the  outer  end  of  the  boat.  This  was  chiefly  for  safety, 
as  the  actual  strain  do\\ni  stream  was  largely  taken  by  three-eighths-inch  lines  woven 
into  the  mat  and  paid  out  or  regulated  at  first  by  hand  but  afterwards  by  a  t^naion 
apparatus.  The  plan  of  substituting  wire  for  the  three-eighths-inch  rope  proved  an- 
satisfactory^  as  the  wire  broke,  and  experiments  were  made  with  small  wire  rope,  a 
crude  machine  for  making  it  having  1>een  devised,  but  they  were  not  concluded  when 
the  work  terminated. 

The  progress  of  the  weaving  was  much  facilitated  by  brush-racks,  which  held  the 
brush  untu  wanted  by  the  weavers. 

The  mattress  work  was  woven  with  extreme  care.  The  most  rapid  work  was  on 
the  piece  in  Civil  Bend,  which  did  not  exceed  75  feet  per  day  and  cost  $1.96  per  linear 
foot.  The  limited  amount  of  this  mat  which  can  be  made  in  a  day  and  its  expeoBe 
are  serious  drawbacks.  It  is  not  believed  possible  to  so  perfect  it  as  to  exceed  100  or 
150  feet  per  day  or  to  reduce  the  cost  to  less  than  |1.50  per  linear  foot  for  a  thicknett 
of  8  inches.  This  thickness  may  be  considered  the  limit  of  this  style  of  mat  for 
strength  and  rapid  weaving. 

CURTAIN  WORK. 

Curtains  and  wire  nets  as  used  in  the  place  of  the  ordinary  weed  for  floating  dikes 
are  constructions  which  we  think  Nebra^ia  City  can  claim  as  entirely  novel. 

We  believe  the  first  dike  of  Brownlow  weeds  made  in  this  country 'was  constructed 
b^  Assistant  Boehmer,  at  Nebraska  City,  in  1877  (fully  described  and  illustrated  in 
his  report  of  1878).  Assistant  Boehmer  again  used  them  at  Omaha  in  1878,  and  Assist- 
ant Davis  constructed  a  modified  form  at  Atehison^  the  same  season.  In  various  shapes 
they  were  used  at  all  the  works  of  improvement  m  1879. 

The  theory  of  this  construction  was  that  the  partial  checking  of  the  current  caused 
a  deposition  of  the  materials  transpoi-ted,  thus  building  up  a  bar,  the  chanuel  mean- 
time seeking  a  less  obstructed  locality. 

The  experience  with  individual  weeds  in  1879  was  that  they  opposed  their  maxi- 
mum resistance  at  the  beginning,  their  size  continually  decreasing.    This  necessitated 
heavy  anchorage  and  much  labor  in  placing.    The  fastenings  were  freouentlv  worn 
away  by  the  ceaseless  rotation.     It  was  practically  impossible  to  make  tnem  thick  at 
the  bottom  where  most  needed  and  to  plant  them  at  regular  intervals  so  that  they 
would  present  a  uniform  resistance  to  the  current.    The  result  was  that  the  ban 
thrown  up  were  full  of  deep  channelings  from  the  thinner  portions  of  the  dike,  and 
that  the  dike  itself  was  unsupported  by  the  growing  bars  ^m  the  fact  that  the  rapid 
flow  beneath  kept  the  immediate  vicinity  free  from  deposits ;  even  the  anchorage  va^ 
gradually  undermined,  causing  a  general  settlement.     If  to  counteract  these  teiiden- 
cies,  and  also  the  diminishing  resistance,  additional  weeds  were  applied,  the  dike  soon 
began  to  act  like  a  solid  spur  or  dam  with  powerful  eddies  and  silting  due  only  to  dead 
water  or  eddy  action.     Tlie  dike  was  still  unsupported  by  its  deposits  usually  existing 
on  either  side.     In  the  fall  of  1878,  the  large  quantity  of  material,  as  grass,  rootlet^* 
and  general  debris  suspended  or  floating  in  the  water  x^as  first  noted.    In  the  sprini^ 
of  \§f9  experiments  were  made  on  various  forms  of  willow  grating  or  screeus,  as^ 
these  were  partly  illustrated  and  described  in  my  report  for  last  season.     The  tyf^ 
adopted  is  fully  illustrated  elsewhere. 

The  general  plan  of  curtain  used  was  a  grating  of  willow  brash  IOC  by  33' ;  the  d^^ 
sign  being  to  make  them  of  a  width  equal  to  twice  the  depth  of  water  in  which  the^ 
were  tg  be  placed,  and  of  any  convenient  length. 

These  curtains  were  constructed  as  follows:  On  light  ways  No..  13  wires  under  sligh 
tension  were  placed  4  feet  apart.  Across  these  willow  brush  of  1  to  2  inches  diamete 
at  the  butt  were  laid,  and  then  a  second  set  of  No.  13  wires  immediately  over  the  first. 
The  upper  and  lower  parallel  wires  were  twisted  together  between  each  brush  at  spaces 
of  6  to  8  inches.  The  curtain  was  rolled  up  at  the  foot  of  the  ways  as  completed,  and 
the  construction  continued  until  the  desired  length  of  100  feet  was  obtained,  the  roll 
being  about  2^  feet  in  diameter.  The  two  seams  at  the  anchor  edge  were  of  No.  12 
wire  and  1  foot  apart.    Short  No.  10  anchor  wires  were  placed  at  inteixals  of  5  feet. 

In  placing  these  curtains  two  50-foot  barges,  lasheci  end  to  end,  were  used.  For 
moving  and  shifting  their  positions  a  system  of  four  lines  was  found  necessary.  Vari- 
ous kinds  of  mooring  anchors  were  tried,  and  finally  a  modified  fonn  of  Chinese  an- 
chor was  devised,  which  proved  entirely  satisfactory.     Running  the  length  of  the 
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down-stream  gunwale  of  each  of  the  barges  was  a  *2i-inch  gas-pij^e  tiimbling-beam, 
provided  at  intervals  of  5  feet  with  iron  pins,  to  each  of  which  was  suspended  a  rock 
of  about  21)0  pounds  weight  by  means  of  a  wire  bail  or  sling. 

The  curtain  was  unrolled  behind  the  barges  and  each  of  the  wire  fastenings  secured 
to  its  individual  rock.  Poles  were  usually  lashed  to  the  opposite  edge  and  as  many 
buoys  secured  thereto  as  desired.  The  two  tumbling-beanis  were  then  tripped,  the 
whole  construction  taking  its  position  in  the  water  without  danger  of  wrecking.  The 
bar^s  were  dropped  over  the  curtain,  and  usually  a  half-curtain  length  in  the  direc- 
tion of  the  dike,  and  the  operation  repeated.  Thus  each  curtain  was  placed  at  nearly 
right  angles  to  the  current,  while  the  direction  of  the  dike  itself  made  any  desired 
angle. 

The  merit  of  this  construction  lies  in  its  exceeding  ease  of  launching  and  in  its  ac- 
tion thereafter.  The  resistance  at  first  is  comparatively  small,  but  greatest  near  the 
Ijottom,  where  the  curvature  is  flattest,  and  there,  immediately  through  the  curtain, 
till  commences,  thus  securing  the  anchorage  as  the  first  effect.  In  a  few  hours,  how- 
ever, the  strain  increases  from  the  continued  accumulations  of  fiber  and  general  debris. 
The  mode  of  action  of  the  current  is  deceptive  and  essentially  different  from  that  of 
the  ordinary  Brownlow  weed.  In  the  latter  the  ceaseless  motion  of  the  brush  trailing 
in  the  direction  of  the  current  prevents  the  accumulation  of  fiber  and  debris  to  any 
extent ;  the  resistance  diminishes  rather  than  increases,  and  deposition  is  largely  ac- 
complishecl  through  dead  water  or  eddy  action.  The  former  fills  through  and  is  sup- 
ported by  its  accretions  with  no  deep  water,  unless  its  interstices  are  too  close.  It  is 
essentially  a  reef  builder,  initiating  a  bar  on  nature's  plan.  The  material  is  largely 
rolleil  in  under  swift  currents  that  run  wild  like  the  currents  of  a  falling  stage  on  a 
shallow  crossing  that  has  not  yet  defined  its  channel. 

It  was  noticed  that  after  the  accumulation  of  fiber  on  the  willows  had  reached  a 
certain  amount  it  was  liable  to  rotate  or  slip  off,  this  action  taking  place  easiest  with 
the  larger  wiUo\ys.  while  the  wires  of  the  curtain  retained  it  better.  Accordingly 
•ome  experiments  were  ma^le  with  small  sections  of  wire  net,  and  it  was  found  that 
even  on  the  low- water  of  September  each  Aviye  would  grow  to  be  one-half  to  three- 
quarters  of  an  inch  in  diameter  in  the  space  of  24  hours,  while  the  net  itself  would  be 
covered  with  a  miscellaneous  assortment  of  d^brin. 

After  much  delay  a  net  200  by  40  feet  was  constructed  and  placed  near  the  foot  of 
the  curtain  dike  at  Wyoming,  as, this  was  the  only  place  where  a  construction  of  this 
character  was  as  that  time  desired.  Although  the  water  was  25  feet  deep  and  swift 
for  the  s(*asou,  it  was  put  in  without  difficulty.  In  an  hour  each  wire  had  a  continuous 
trail  of  fiber,  and  in  two  hours  considerable  resistance  was  apparent.  In  24  hours  all 
the  buoys  had  been  sunk  and  the  shore  fastenings  wrecked,  the  top  of  the  net  being 
but  12  to  1,5  feet  from  the  bottom  of  the  river.  It  filled  up  about  11  feet  in  a  week's 
time. 

The  trouble  lay  in  the  fact  that  the  meshes,  which  were  diamond-shaped  and  12  by 
4  inches,  were  entirely  too  small,  causing  the  action  of  a  dam  or  solid  dike  rather  than 
that  of  a  curtain. 

The  experiment  was,  however,  a  crucial  one  as  to  the  proper  direction  to  be  followed, 
plainly  indicating  the  continuous  wire  net  as  the  future  dike.  As  the  mode  of  con- 
struction was  not  sufficiently  satisfactory,  a  plan  of  making  a  hexagonal  mesh  rapidly 
and  cheaply  was  devised,  but  no  opportunity  of  applying  it  was  furnished. 

The  constructive  merit  of  both  the  curtain  and  net  is  in  the  fastening,  which  is  rap- 
idly made,  efficient,  and  reliable.  It  consists  simply  of  two  parallel  wii-es  under  ten- 
sion, twist4*d  together  by  an  awl  inserted  between  them. 

The  first  curtains  were^ut  in  without  buoys.  The  upper  edge  usually  took  a  position 
about  4  or  5  feet  from  the  bottom,  and  the  fill  would  frequently  amount  to  3  feet  in  24 
hours,  but  none  thereafter.  This  fill  tended  to  sink  the  curtains  or  drag  them  down, 
a  phf  Domena  also  observed  with  buoys,  their  tops  finally  reaching  a  level  from  2  to  4 
feet  below  that  originally  sustained. 

The  first  work  was  decidedly  experimental.  The  Wyoming  dike  was  actually  con- 
structed in  the  last  two  weeks  in  August  at  a  stage  decreasing  from  3  feet  to  low- 
water.  Its  location  was  on  the  reef  above  the  trough  at  the  bluffs,  where  the  currents 
were  more  than  owlinarily  swift  and  tenacious  of  their  direction.  The  general  depth 
along  the  line  increased  from  12  to  25  feet,  although  the  actual  depth  encountered  was 
not  over  15  feet,  as  paitial  fill  preceded  the  construction,  each  curtain  being  placed,  as 
it  were,  partly  in  the  shadow  of  its  predecessor. 

Results  developed  with  unexpected  rapidity.  In  two  or  three  weeks  bars  began  to 
show  themselves  above  the  surface :  not  over  2  feet  of  water  existed  throughout  the 
length  of  the  dike,  some  2,400  fe<*t,  and  a  considerable  bar  trailed  from  its  extremity. 
But  little  effect  was  produced  until  the  thread  of  the  cuirent  leading  to  the  trough 
behind  was  reached.  Here  wjvs  a  steady  fight  for  a  couple  of  days,  after  which  tne 
channel  line  began  to  swing,  this  movement  being  continuous  as  the  dike  progressed. 
The  work  below  Wyoming  consisted  of  a  sand-tence,  commencing  about  1,2<X)  feet 
above  Boehmer*8  dike  and  running  across  the  bar  to  the  water's  edge,  tliewce  «,  iV\V^\o 
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the  edge  of  the  cuiTeiit  or  about  1,200  feet  from  the  opposite  bluff,  turning  down 
stream  on  a  line  parallel  to  the  same.  The  sand-fence  was  constructed  on  the  plan  of 
1876.  Across  the  slough,  100  feet  wide  near  shore,  a  road  of  brush  and  bay  had  been 
made,  and  over  this  was  placed  a  well  braced  frame-work  of  poles  and  wii>e,  the  poles 
being  deeply  driven  into  the  mud  at  int-ervals  of  5  feet;  the  purpose  was  to  produce  a 
gradual  accumulation  of  drift  and  thus  close  this  slough.  The  sand-fence  at  the  bar 
edge  was  protected  by  a  curtain  partlv  supported  on  poles  and  inclosing  it^  eud. 

In  line  with  this  fence  a  dike  of  stiff  or  horizontal  weeds,  on  the  plan  of  Aasist^Bt 
Nier,  was  extended  for  300  feet  until  deep  water  was  reached,  and  tbien  down  on  the 
proposed  line  300  feet  farther.  Their  construction  was  so  rapid  and  simple  that  it  wa8 
hoped  to  build  the  dike  with  them  alone  as  the  water  on  this  crossing  was  but  ti  t4)  12 
feet  deep.  However,  when  this  length  was  reached  it  was  found  that  the  water 
began  to  roll  over  and  undermine  the  weeds,  that  the  deposits  were  some  distance  be- 
low, and  that  scour  ai-ound  the  end  prevented  useful  progress.  In  order  to  strengthen 
the  work  a  second  and  again  a  third  line  of  stiff  weeds  were  placed  over  the  con- 
structed TKirtions,  and  it  was  finally  September  25  before  they  were  definitely  aban- 
doned. The  dike  was  then  extended  in  double  line  of  curtains  .1,000  feet  in  two 
days.    Buoys  fi'om  the  upper  dike,  where  they  were  of  no  fiirther  benefit,  were  used. 

The  stiff  or  horizontal  weed  is  an  admirable  construction,  but  its  use  should  be  hm- 
ited  to  depths  not  exceeding  6  feet,  in  the  shore  or  shallow  ends  of  dikes,  in  closing 
chutes  or  shoal  channels,  and  in  building  up  low  bars,  l>eing  placed  thereon  previoos 
to  hi ^h- water. 

This  dike  was  not  so  Huccessful  as  its  predecessor.  The  river  had  already  streaks  of 
blue  although  considerable  sand  was  in  motion ;  in  fact  it  never  ceases.  The  mistake 
was  made  of  carrying  it  too  far  across  the  channel,  the  more  especially  as  the  stiflf 
weed  portion  had  defeated  the  growth  of  the  reef  or  bar  out  from  the  shore  as  the 
work  progressed,  as  was  the  case  in  the  u])per  dike,  and  should  be  the  case  in  similar 
constructions.  A  considerable  channel  cut  out  around  the  lower  end ;  meantime  the 
stiff  weed  portion  failed  to  fill  up  rapidly,  the  deepest  wat«r  on  the  dike  existing  here. 

The  accretion  or  reef  formed  by  the  curtains  came  to  within  3  or  4  feet  of  the  sur- 
face as  a  ridge  of  100  or  more  feet  in  width  with  the  dike  in  the  center  and  water  of 
the  ordinary  depth  on  either  side. 

The  effect  was  to  cut  out  deep,  nan*ow  channels  through  the  bar  over  which  water 
flowed  to  the  chute  and  to  enlarge  it  somewhat.  An  examination  showed  this  bar  to 
be  largely  composed  of  heavy  gravel,  and  but  for  this  the  result  might  have  been  more 
favorai>le. 

This,  however,  may  well  be  doubted.  A  study  of  the  cross-sections  made  the  past 
two  seasons  at  Nebraska  City  reveals  the  fact' that  as  a  general  thing  on  a  rising 
stage  chutes  enlarge  relatively  faster  than  the  main  river,  while  the  reverse  is  true  of 
a  falling  stage.  The  fact  that  the  chute  was  not  only  prevented  from  closing  farther, 
but  even  enlarged,  implied  an  efficient  construction.  In  any  case  the  attempt  to  close 
a  larger  channel  in  the  unstable  strata  of  the  Missouri  is  a  most  doubtful  undertaking, 
audit  is  thought  it  will  be  found  expedient,  especially  if  the  course  desired  is  longer 
than  the  present  channel,  to  force  it  overland  by  cutting  away  the  intervening  area. 

The  cost  of  these  two  dikes  complete  was  47  cents  per  linear  foot,  the  curtains  being 
in  double  rank. 

The  most  unsatisfactory  portion  of  floating-dike  work  are  the  buoys.     Oil  barrcU 
were  first  used,  and  afterwards  lK)xes  of  about  4  cubic  feet  displacement ;  130  experi- 
mental buoys  were  made  of  building  paper,  cylindrical  in  form,  with  board  ends,  and 
at  a  cost  of  about  one-half  that  for  boxes.     The  paper  was  passed  through  hot  pitch  as  it 
was  rolled  on  in  three  turns  or  thicknesses,  the  edges  being  closely  tacked.   They  proved 
impervious  to  water  and  lasting.    There  are  many  practical  difficulties  in  their  con- 
struction, but  the  experiment  demonstrated  the  feasibility  of  making  a  very  cheap 
and  efficient  buoy  from  paper  pulp.    The  rate  of  fill  behind  the  dikes  was  by  no  means 
regular.     On  one  occasion,  from  Saturday  night  to  Monday  moniing,  a  fill  of  6  feet  was 
noted  over  a  considerable  area.    From  August  21-23,  the  fill  over  the  upper  half 
of  the  area  behind  the  Wyoming  dike  was  at  the  rate  of  7^  yards  per  minut«.    Much 
greater  rates  no  doubt  obtained  elsewhere,  but  the  difficultj*  of  measuring  it  was  very 
great. 

The  proi>er  (season  for  operations  of  this  character  is  during  the  higher  stages  of  the 
river,  when  the  material  transported  is  a  maximum,  the  erosive  forces  at  their  height, 
and  the  stream  itself  less  flexible  in  its  course.  As  the  work  when  commeiicea  at 
Wyoming  was  essentially  experimental  and  necessarily  slow  in  progress,  the  river  had 
faUen  greatly  before  any  efficiency  was  developed.  The  results  finally  obtained  at 
low-water  showed  that  the  construction  possessed  such  merit  that  it  was  deemed  wise 
to  develop  it  to  the  limit  of  our  resoulx^es  iuortler  to  settle,  if  possible,  in  some  degree, 
one  of  the  steps  by  which  river  courses  might  be  directed  and  controlled. 

It  was  not  expected  that  the  results  obtained  would  be  permanent  unleas  secured 
by  more  substantial  constructions,  especially  as  the  curtains  used  were  too  narrow  to 
resist  high-water.    The  impact  of  the  current  at  Wyoming  was  directly  against  the 
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like  aud  this  point;  coiitiuiially  moved  up  streaoi,  threatouiug  to  cut  it  out  at  the 
lead. 

To  secure  the  results  and  make  them  permanent  it  was  the  iutentiou  to  develop  a 
urved  shore  line  from  Neligh's  to  the  crossing  from  Civil  Bend  by  the  aid  of  mattress 
rork  sustained  by  piling.  By  the  time  this  plan  was  to  be  put  in  operation  the 
aooev  proved  inadequate,  and  it  was  changed  to  closed  dikes  extending  from  the 
ilntf  to  the  proposed  curve,  3  being  of  stone  and  of  short  length,  and  a  fourth  of  mat- 
ress  work  and  curtains  sustained  oy  piling  nearly  1,000  feet  long. 

It  was  thought  these  constructions  would  preserve  the  directions  desired  during 
he  first  rises  of  the  spring,  or  until  additional  funds  were  available,  when  their  ends 
ould  l3e  connected  and  this  shore  line  finished  in  accordance  with  the  first  plan, 
liis  dike  construction  was  not  rejgarded  as  the  best,  or  as  a  certain  plan,  but  simply 
s  the  only  one  expedient  at  the  time. 

The  stone  for  dikes  deserve  no  special  mention.  They  were  quarried  at  their  sites, 
ad  of  short  length,  and  the  cheapest  construction  for  the  purpose. 

In  studying  the  <]ue8tion  of  piling  it  was  found  that,  as  driven  in  the  ordinary  way, 
le  penetration  in  Missouri  River  sands  was  quite  limited  and  the  cost  not  warranted. 

temporary  hand-pump  was  rigged  up,  and  experiments  made  with  a  jet.  As  the 
ower  of  only  6  or  d  men  was  available  on  this  pump,  the  manner  of  applying  the  jet 
MMt  eflTectively  was  of  great  importance,  and  afcer  much  experimentation  the  method 
la9trat«d  was  thought  to  give  the  best  results.  It  was  found  possible  to  sink  piling 
r  1  foot  diameter  8  to  12  feet,  the  average  being  about  10,  in  one  to  three  minutes. 
iTith  greater  power  and  more  et)icient  apparatus  the  dei)th  reached  would  be  any- 
ling  desired. 

The  piling  were  put  down  at  an  inclination,  in  pairs  like  a  letter  A,  and  drift-bolted 
t  the  intersection,  these  bents  being  12  to  15  feet  apart.  A  stout  log  or  waliug  was 
iised  from  bent  to  bent  and  well  drift-bolted  in  the  angle,  thus  making  a  structure 
bat  ^  as  very  rigid.  The  general  plan  was  to  weave  a  very  strong  and  wide  mat  over 
he  end  of  this  pile  support  and  back  150  to  200  feet,  and  to  complete  the  remaining 
ortion  of  the  dike  in  pile  bent-s,  20  to  25  feet  apart,  between  which  a  wire  rope  shoula 
e  suspended  for  the  purpose  of  sustaining  curtains  or  a  wire  net. 

The  structure  ha<l  jirogressed  a  few  bents  only,  when  peremptory  orders  to  stop  work 
rithout  delay  were  received,  as  the  funds  were  exhausted.  The  stone  dikes  below 
rere  only  partly  complete,  perhaps  fortunate  under  the  circumstances.  It  is  hardly 
eeessary  to  say  that  the  failure  to  finish  these  structures  was  greatly  regretted,-  as  all 
hat  had  l3een  gained  at  the  hea<l  of  Copeland's  Bend  seemed  in  fair  w€  y  to  be  lost. 

Aft^r  the  works  were  definitely  closed,  the  river  cut  its  way  around  the  head  of 
V^yoraing  Dike,  and  a  good  portion  of  the  water  flowed  in  this  course  during  the  win- 
er.  Only  a  limited  T)ortion  of  the  lower  end  was  carried  away  by  this  new  attack, 
be  main  portion  of  the  accretion  remaining  undisturbed.  The  unprotected  pile  bents 
tood  nearly  all  winter,  but  were  finally  run  down  by  ice  fields.  The  lower  dike  con- 
inned  to  make  accretions  which  extended  nearly  one-half  its  length  above  water,  and 
ome  of  the  paper  buoys  were  observable  after  the  ice  left  the  river.  The  ettects  of 
he  April  rise  were  watched  for  with  great  anxiety.  The  accretions  thrown  up  at 
Wyoming  maintained  themselves,  and  so  directed  the  river's  course  below  that  consid- 
rable  erosion  of  the  right  bank  took  place  below  Squaw  Creek.  The  channel  ran  out- 
ide  the  lower  dike,  and  made  a  heavy  Inroad  into  the  bar  below,  and  most  desirable 
haoges  took  place  in  the  chute.  This  action  continued  favorable  until  the  1st  of  May, 
nd  up  to  this  time  a  small  expenditure  could  have  carried  out  the  changes  inaugu- 
ated  so  unexpectedly  under  the  circumstances.  Since  then  the  lower  end  of  the 
Wyoming  Dike  has  gradually  worn  away,  allowing  the  river  to  make  such  a  blufi' 
ontact  tnat  the  direction  below  is  unfavorable.  The  river  has  to  a  certain  extent 
irung  across  the  lower  dike,  aud  a  partial  channel  has  developed  over  the  stiff- weed 
ortion.  The  river  shows  a  tendency  to  abandon  the  favorable  course  it  had  taken 
elow  and  swing  back  partly  to  its  old  course. 

I  believe,  however,  that  these  changes  backward  wiU  be  only  partial,  and  that  when 
he  water  goes  down  a  substantial  advantage  will  have  been  gained.  Already  the 
iver  has  cut  away  the  point  of  land  at  A  3o5,  and  now  runs  nearly  straight  from  a 
oint  below  Squaw  Creek  across  the  bar  below  A  355  to  a  jioint  just  above  the  Ne- 
nwka  Island  Slough,  where  considerable  erosion  has  taken  place. 

The  erosion  around  Eastport  Bend  has  been  less  than  usual,  no  serious  damage  has 
een  done,  and  Eastiiort  is  sufidciently  safe  for  this  season. 

The  mattress  work  at  Walnut  Creek,  although  it  stood  the  pressure  of  the  entire 
iver  under  direct  flow  for  some  time  after  the  April  rise,  remains  in  good  condition, 
lie  mattress  work  at  Lambert's  Orchard  was  in  good  shajie  after  the  April  rise  and  up 
0  the  Ist  of  June,  and  at  that  time  the  shore  line  above  and  below  it  for  a  considera- 
)le  distance  had  cut  to  a  fair  line,  aud  it  should  have  been  extended  according  to  the 
nginal  intention.  Meantime  the  bar  opposite,  which  previously  had  thrown  the  im- 
>aot  of  the  river  into  the  bank  near  Wan ounsie  Creek  Slough,  had  cut  away,  allow- 
Bg  direct  flow  against  the  work  with  boils  and  a  strong  current  similar  to  what  was 
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encountered  at  Eastport  Point  last  season.  The  main  body  of  the  work  stood  thisdi-  m^ 
rect  action  well.  A  powerful  eddy  at  the  immediate  foot  cut  out  the  mattress  work  W^ 
from  below,  and  under  the  action  of  the  current  it  gradually  whipped  out  from  below  ^*^ 
or  unraveled  up  stream.  An  eddy  also  started  in  above  the  work  and  a  similar  whip- 
ping out  took  iplace  from  this  end,  accomjiauied  by  an  occasional  rolling  up  of  tne 
mattress  in  considerable  masses.  At  the  present  writing  this  work  is  quite  destroyed, 
not  by  slipping  or  tearing  but  solely  by  the  action  of  the  two  ends. 

The  mattress  work  placed  on  Eastport  Point  last  season  in  60  feet  of  water  is  in. 
good  shape  with  this  exception.    The  change  of  the  liver  has  produced  40  or  more  fec^ 
of  deposits;  the  strain  has  been  greater  than  the  mats  were  able  to  stiand,  althoa^^im 
specially  made  to  resist  strains  of  this  cL'iss,  and  in  many  places  they  have  parted  ik'fc 
the  crest  of  the  bank^  leaving  a  slight  gap  which  was  disclosed  by  the  heavy  storms  o-:^ 
May. 

Where  the  surface  portion  was  woven  on  the  system  described  in  Assistant  Yonge"^  -s^ 
report  to  you  for  1879  there  seems  to  be  enough  elasticity  or  stretcti  to  allow  for  moM.  — 
erate  settlement,  and  no  rupture  has  occurred. 

The  storms  in  May  were  very  severe  and  cut  benches  of  6  feet  depth  in  gumbo  bj 
and  back  20  or  more  feet  so  that  a  very  efficient  upper  bank  protection  is  required. 

The  sand  fence  has  thrown  up  a  remarkable  bank,  far  above  high-water  and  qnit 
continuous.  A  portion  of  the  outer  end  was  cut  away  by  the  water  that  gathered  oi 
the  bar  and  concentrated  at  that  point  in  its  escape.  The  grasshopper  frames  tha' 
were  placed  across  the  slough  were  quite  successful  in  accumulating  drift  and  thai 
gradually  closing  that  outlet.  A  small  channel  has  cut  through  the  fence  at  one 
point  where  the  bank  was  low.  The  old  sand  fence  on  the  island  bar  has  thrown  n] 
dunes  which  are  visible  at  a  long  distance. 

The  experience  of  this  year  is  very  encouraging.  I  know  of  no  failure  that  coult 
not  have  been  turned  into  a  most  unqualified  success  had  even  a  limited  amount  ol 
money  been  available  so  late  even  as  the  1st  of  June.  As  it  is,  the  advantages  gainc ' 
are  believed  to  be  substantial  if  followed  up. 

The  present  system  of  appropriations  for  the  Missouri  River  cannot  be  too  stron^l.^ 
condemned.  In  a  given  i>iece  of  work  designed  to  effect  changes  in  direct  conflicl 
with  the  forces  of  the  river,  the  cost  cannot  be  foretold  with  certainty  any  more  tbai^fc- 
the  cost  of  a  battle.  If  the  money  available  is  limited  you  are  obliged  to  undertAk^^ 
that  which,  short  of  completion,  will  probably  result  in  total  rout.  If  an  assistan^^ 
could  rely  on  the  money  being  at  hand  when  his  judgment  required  its  use,  it  is  saf^ 
to  say  that  a  given  improvement  could  be  effected  for  one-half  what  it  now  costs,  anA- 
in  many  cases  for  one-third,  for  too  often  the  auspicious  moment  is  past  when  th<^ 
money  is  in  hand. 

Neither  can  the  lines  laid  down  in  the  project  of  to-day  aild  the  plans  for  their  ex©' 
cution  be  always  followed  to-morrow,  except  in  the  most  general  way,  for  conditio!*^ 
change  demanding  a  difi'erent  treatment,  and  often  so  promptly  that  the  assisUv'^'' 
must  be  left  solely  to  his  judgment  and  unhampereil  by  restrictions  as  to  his  meth<K^ 
or  bis  resources.     Such  restrictions  compel  him  to  the  defensive  rather  than  the  offe^^' 
sive^  to  fortify  rather  than  take  the  field. 

Limited  appropriations  compel  the  abandonment  of  that  part  of  the  project  abov^  ^ 
Wyoming,  altnough  such  a  course  will  increase  the  ultimate  expense.  It  is  imposaib^^-^ 
to  work  safe  between  Jones's  Point  and  Wyoming,  and  secure  early  results,  without  coi 
siderable  money.  It  is  possible  to  commence  on  the  bar  opposite  Neligh's  and  aecui 
results  slower  and  with  more  expensive  works,  but  still  substantial  results  with  eacL 
appropriation  however  small,  and  it  may  l>e  tnatthe  river  above  will  not  become  in- 
tractable until  the  course  from  Wyoming  to  Nebraska  City  is  worked  out.  Then  thii 
upper  reach  may  be  taken  in  hand,  an  ultimate  necessity  in  any  case. 

CotK'lusionti. — The  conclusions  in  regard  to  mattress  work  expressed  in  last  report 
have  been  fully  confirmed  this  season  and  applied  in  part. 

It  is  at  present  believed  that  mattress  work  to  resist  flow  nearly  tangential  must 
be  of  about  120  feet  width  from  top  of  bank,  and  for  direct  flow  twice  the  depth  of 
permanent  strata,  and  continuous  in  all  cases.  It  should  be  much  stronger  than  any 
hitherto  made,  atld  not  liable  to  ravel  or  whip  out  as  is  the  woven  mattress.  Severe 
wave  action  must  be  provided  for. 

In  the  construction  of  a  strong,  thin,  and  flexible  continuous  mat,  a  substantial  ad- 
vance has  been  made  by  Assistant  Nier.  A  further  advance  would  be  to  weave  a  thin 
mat  on  a  strong  wire  net.  This  would  give  the  strength  desired  with  a  minimum  of 
brush,  and  it  would  not  be  liable  to  whip  out ;  it  would  also  enable  the  rock  to  be 
secured  to  the  mat  before  sinking,  which  I  believe  to  be  an  absolute  necessity.  This 
need  not  increase  the  cost,  as  on  the  certainty  of  the  rock  being  properly  distribnted 
and  absolutely  fixed  in  place,  not  more  than  two  or  three  pounds  to  the  square  foot 
would  be  required. 

The  upper  bank  protection  is  still  the  difiicult  part  of  the  problem.  Here  to  sac- 
cessfully  resist  wave  action  a  mattress  of  at  least  a  foot  thickness  will  be  reqnired, 
and  probably  none  better  than  the  woven  mat,  woven  on  a  continuation  of  the  net  of 
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he  nDder- water  work,  will  be  found.  By  using  a  packing  of  hay  the  thioknesA  may 
»e  reduced,  as  nothing  better  than  bottom  hay  nas  oeen  found  for  resisting  the  swash 
»f  the  waves  through  a  mat.  This  bank  protection  should  be  laid  down  late  in  the 
'all  or  early  in  the  spring,  and  covered  in  with  earth  in  order  that  the  willows  of 
iv'hich  it  is  composed  may  grow  and  afford  a  permanent  upper  protection  when  this 
Kirtion  of  the  mattress  has  decayed. 

The  bank  on  which  the  protection  is  laid  should  be  graded  not  less  than  3  to  1,  and 
trobably  this  can  be  done  cheapest  with  a  Jet.  The  apparatus  necessary  can  be  readily 
^apted  to  sinking  piles  to  any  depth  and  inclination,  and  to  snagging,  and  thus  serve 
i  variety  of  purposes. 

The  chief  difficulties  of  mattress  work  on  the  Missouri  lie  in  the  mobile  nature  of 
.he  material.  If  the  mat  is  weighted  too  heavy  it  settles  or  sinks  into  this  material, 
ind  may  l>e  carried  bodily  ont  by  the  viscous  tlow  of  bank.  If  too  light,  it  is  liable 
;o  be  lifted  and  wrecked  by  the  current.  In  localities  the  bank  has  been  observed  to 
nelt,  as  it  were,  and  run  out  through  the  interstices  of  the  mat,  leaving  hollow  spaces 
>ehmd.  Again,  waves  have  even  run  through  well-made  mats,  cutting  out  benches 
>ii  vertical  faces,  not  observable  except  on  close  inspection. 

To  provide  for  some  of  these  difllculties,  the  mat  can  be  fastened  along  its  upper 
idge.  Then  the  sand  of  the  lower  strata  may  ooze  out  from  external  scour  without 
causing  an  undue  strain ;  but  when  this  action  proceeds  so  far  as  to  allow  the  upper 
(trata  of  gnmbo  to  break  away  in  large  masses  of  many  tons  weight,  it  is  not  easy  to 
nake  a  construction  of  sufficient  strength.  This  difficulty  may  be  obviated,  in  part, 
)y  very  flat  grading,  or,  better  still,  by  a  wide  berme  at  low-water,  if  it  be  feasible. 
'  All  these  troubles  are  greatly  multiplied  in  purely  local  works  subject  to  direct  flow, 
(vhere  deep  scour  is  occasioned  in  part  by  the  revetment,  causing  a  slipping  of  the 
material  under  the  mat,  and  strains  not  easy  to  provide  for.  Most  of  the  work  put  in 
contemplates  flow  nearly  tangential,  and  to  secure  this  involves  a  complete  rectifica- 
tion from  some  point,  generally  of  bluff' contact,  at  which  the  river  is  likely  to  run  for 
many  years. 

The  same  mobile  material  which  makes  revetment  difficult  makes  rectification 
comparatively  easy,  provided  the  constructions  are  placed  on  the  sites  of  causes,  or  at 
those  places  where  directions  may  be  determined,  rather  than  on  the  sites  of  effects. 
The  failure  of  nearly  everything  in  the  nature  of  a  spur  or  wing-dam,  which  has  not 
been  raised  entirely  above  overflow,  has  been  quite  uniform,  for  the  reason  that  they 
lire  generally  opposed  to  direct  flow,  and  seek  to  divert  the  course  of  a  stream  by 
lamming  or  obstructing  it  rather  than  by  directing  it.  After  a  high- water  it  is  fre- 
nnently  round  that  the  oed  of  the  stream  is  raised  to  the  level  of  the  dike  or  spur,  the 
^annel  taking  its  old  course,  which  may  be  over  or  through  the  construction.  Over 
Boehmer's  Dike,  which  was  but  700  feet  long,  for  two  seasons  the  water  ran  with  a  fall 
9f  6  to  8  inches,  not  over  3  feet  depth  existing  outside  its  limits  at  low-water  stage. 
Yet  with  this  head,  and  ample  opportunity  to  run  outside  or  take  the  chute,  the  river 
persisted  in  this  course  until  changes  above  threw  its  direction  outside  the  dike, 
rhen,  in  the  space  of  two  weeks,  the  dike  and  nearly  50  feet  of  water  was  entirely 
filled  in  beneath  a  sand-bar,  and  from  causes  which  it  was  powerless  to  influence. 

By  working  from  crossings  or  convex  fronts  in  easy  directions,  these  difficulties  may 
be  largely  avoided.    A  dike  construction  on  a  concave  face  alters  no  cause,  and  its 
utility  is'problematical.     Its  success,  if  any,  is  due  to  main  strength,  and  lasts  nnti 
that  strength  is  exhausted,  or  until  nature  herself  ameliorates  conditions  above. 

For  general  use  it  is  thought  a  curtain  of  wire  alone,  or  a  wire  net  with  meshes  oi 
8  to  15  inches,  depending  on  the  stage  of  water,  will  be  found  best  and  cheapest.  This 
net  should  be  made  and  placed  continuously,  which  is  not  difficult.  Its  lower  edge 
may  be  anchored  with  rock  wired  on,  and  its  upper  edge  sustained  by  a  wire  rope  sus- 
pended from  piling  where  the  water  is  not  too  deep,  or  otherwise  by  buoys. 

The  advantage  of  piling,  which  need  not  be  more  expensive  than  buoys,  is  that  the 
net  cannot  creep  down,  and  it  may  be  sustained  near  the  level  of  high-water,  so  that 
it  can  be  placed  during  a  moderate  stage,  and  in  anticipation  of  a  rise.  The  April 
rise  probably  moves  more  material  locauy  and  initiates  greater  changes  than  all  sub- 
sequent liigh»water.  It  is,  however,  so  sudden  and  violent  and  short  in  duration  that 
toWoperly  utilize  it  requires  works  previously  placed. 

There  are  many  situations  also  where  mattress  work  sustained  by  piling  could  be 
placed  advantageously  at  once,  as  along  a  half-developed  channel,  where  it  would 
be  clearly  inexi)edient  otherwise.  The  jet,  presentin||^  as  it  does  a  cheap  and  in  fact 
the  only  way  in  which  piling  may  be  sunk  in  Missouri  sands  to  adequate  depths  and 
to  any  angle,  becomes  at  once  an  essential  apparatus. 

A  hydraulic  engine,  capable  of  throwing  a  very  large  volume  of  water  under  con- 
siderable pressure  for  the  purpose  of  assisting  and  directing  erosion,  trimming  up  the 
irregularities  of  shore  lines  to  be  reveted,  cutting  out  bars  and  channels,  snagging, 
quarnr  stripping,  dtc,  is  thought  to  be  an  engine  of  immense  possibilities,  and  to  be 
considered  as  part  of  the  plant  in  any  systematic  scheme  of  improvement. 
There  is  one  important  thing  to  be  arrived  at,  viz,  rapidity  of  execution  on  short 
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notice,  and  with  few  men.     Cheapness  may  follow,  but  it  is  too  often  deceptive  w] 
not  coupled  with  rapidity.     To  secure  these  objects  requires  as  much  of  toe  mat 
as  possible  to  be  kept  in  stock  and  in  readiness.     This  is  possible  in  every  daU 
wire-net  or  curtain  dikes,  which  may  be  placed  at  the  rate  of  1,000  feet  per  day  if, 
»ired,  and  at  a  cost  of  25  to  50  cents  per  foot.     With  mattress  work  it  is  posHibl^ 
keep  all  the  material  on  hand  except  the  brush,  of  which  the  plan  requires  a 
mum,  and  it  is  believed  it  may  be  placed  at  the  rate  of  500  feet  per  day,  and  at  a 
of  $1  to  ^1.50  per  linear  foot  for  widths  of  100  to  125  feet. 

I  desii*e  to  express  my  appreciation  of  the  services  of  Mr.  A.  S.  Potter,  who,  wj 
exercising  a  certain  general  supervision,  was  in  immediate  charge  of  mattress 
and  general  experiments. 

To  Mr.  F.  M.  Harris,  who  had  immediate  charge  of  the  development  of  curtain 
wire-net  construction,  much  credit  is  due,  as  in  constructions  so  novel  he  had  coot 
allv  to  work  against  the  prejudices  of  practical  foremen  and  laborers. 

1  take  pleasure  in  commending  the  services  of  F.  W.  Tuttle  and  L.  E.  Coolej 
surveys,  and  of  Mr.  C.  F.  Potter  on  miscellaneous  duties. 

I  am,  major,  very  respectfully,  your  obedient  servant, 

L.   E.  COOLKI 

Maj.  Chas.  R.  Suter, 

Corps  of  Engineers,  U.  S,  A, 
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NOTES  OF   ILLUSTRATIONS.  ^ 

« 

The  main  report  is  sufficiently  descriptive  of  sketch  No.  1. 

In  sketch  No.  2  the  channel  shifted  position  at  Boehmer's  Dike  in  the  hiffh-wateC 
1877 J  occupying  at  the  time  of  the  constrnction  of  the  dike  very  nearly  the  posit' 
shown  for  1878.  The  bar  above  had  also  retreated,  and  the  large  bar  bounding  WaU 
Creek  chute  reached  the  1878  limit  before  the  dike  was  completed. 
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In  the  high-water  of  1879,  the  channel  abandoned  the  dike,  taking  the  positK 
shown  in  sketch  No.  3.  The  cause  of  this  change  and  its  reason  for  not  going  farth< 
i»  explained  in  the  report. 
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[n  making  the  chaage  the  channel  at  first  took  the  coiir^e  illustrated  in  the  ad- 

aing  nketch,  coming  down  nearly  to  Squaw  Creek  and  then  crossing  squarely  over 

a  point  about  1,200  feet  above  the  dike,  where  considerable  bank  erosion  took  place. 

is  double  fold  or  reverse  moved  bodily  down  stream,  and  finally,  in  the  course  of 

o  or  three  weeks,  it  straightened  out  in  the  course  shown  for  1879,  abandoning  the 

:e  and  the  47  feet  of  water  behind  it,  which  was  filled  up  to  the  top  of  the  water  in 

3  course  of  a  fortnight.    This  doubling  or  reversing  of  the  channel  was  noticed 

o  in  the  changes  which  occurred  in  1880,  causing  extensive  erosion  near  ^  355. 

is  channel  has  also  partly  straightened  out,  but  in  a  contrary  direction,  as  the  forces 

3ve  have  not  persisted  until  the  change  initiated  wiis  carried  through  to  its  legiti- 

ite  conclusion. 

Similar  phenomena  have  been  observed  at  other  times,  and  it  is  thought  to  be  the 

»thod  of  working  in  extensive  channel  changes. 

Piate  I.  MatireHH  constructions. — Fig.  1,  A.  and  B,  elevation  and  plan  of  boat.     This 

[istruction  possesses  no  special  merit.     It  was  necessary  to  give  considerable  length 

the  needles  in  order  to  provide  deck  room.     The  l>oat  once  upset  or  tnmed  on  edge, 

iiig  no  particular  damagt',  however.     Afterward  a  barge  was  lashed  to  the  rear 

iiwale. 

Pigs.  2  and  3  illustrate  the  manner  of  starting  the  mat  (c),  the  wav  in  which  it  hung 

mi  the  boat  (a),  the  system  of  lines  (6),  and  the  position  when  laid  (Fig.  3). 

Fig.  4,  a  and  &,  illustrate  the  tension  device,  which  was  secured  to  the  rear  gunwale. 

lis  was  made  of  2|''  gas-pipe  with  cast  spools  of  capstan  form,  about  which  the  ten- 

»ii  lines  passed.     It  was  found  that  no  other  form  of  spool  would  clear  the  line  freely. 

Plate  II.  Curiam  construction. — Fig.  1,  a  and  &,  shows  the  ways  on  which  the  cur- 

ins  were  constructed,  the  manner  of  producing  tension  in  the  wires,  and  a  curtain 

kTtly  rolled  up.     Fig.  2,  a  and  6,  shows  the  wheel  and  awl  used  in  making  the  twist 

fastening;  c  shows  the  manner  in  which  the  wires  are  fastened  together,  which  has 

!^n  often  misconceived,  and  d  shows  a  section  of  curtain  as  thus  fastened  by  parallel 

ires.    The  constructive  merit  of  the  curtain  consists  largely  in  this  twist  or  fastening, 

hich  is  efficient  and  reliable. 

Fig.  3,  a  and  h,  illustrates  the  position  of  the  tumbling  beam  and  the  curtain  anchors 

suspended  thereto;  and  Fig  4,  a  andib,  illustrates  the  system  of  lines  and  successive 
mtions  of  the  barges,  and  a  curtain  before  and  after  launching.  Owin^  to  the 
oare  sides  of  the  barges  the  drag  on  the  moorings  was  very  severe.  A  specml  barge 
th  curved  sides  would  l»e  comparatively  easy  and  safe  on  it«  moorings. 
Fig.  5  illustrates  the  successive  positions  of  the  curtains  in  an  assumed  dike.  Fi^. 
a  and&,  represents  the  nuMlified  type  of  Chinese  anchors,  devised  after  much  exi>eri- 
?nt  with  other  kinds. 

Fig.  7  illustrates  the  form  of  wire  net  actually  ma<le  and  placed,  the  action  of  which 
iS  been  previously  described.  Fig.  r<  illustrat'es  the  manner  of  making  an  hexagonal 
^sL,  or  one  approximating  thereto.  It  consists  simply  of  a  board  or  template,  through 
lich  the  wires  pass.  The  size  of  the  meshes  may  l)e  regulated  by  the  distance  apart 
the  holes  in  the  template  and  by  the  distance  the  template  is  moved  for  each  series. 

the  mesh  required  is  large,  tAvo  teniplat<»8,  carrying  alternate  wires  and  moving 
'«mately  in  opposite  directions,  and  again  in  same  directions — a  half  mesh  for  each 
"ies— may  be  used.  Since  the  general  form  of  Fig.  8  was  devised,  it  has  been  put  in 
e  by  Mr.  Harris,  at  Omaha,  under  assistant  Davis,  substantially  as  described. 
It  is  a  fact  not  previously  noted  that  a  curtain  dike  does  not  cut  out  at  the  imme- 
*te  end  as  it  progresses.  The  flow  of  water  being  so  free  immediately  back  of  the 
d,  for  the  time  l^ing,  the  curtains  are  to  a  certain  extent  protected  until  they  com- 
iuce  to  load  up. 

Plate  III.  Jet  riling. — Fig.  1  illustrates  the  arrangement  of  derrick  employed  for  ex - 
rimental  work,  and  Fig.  2  the  manner  of  prenariug  the  butt  end  or  foot  of  the  pile, 
onler  to  produce  a  three-fourths-inch  jet  or  now  in  the  direction  of  the  axis.  Fi^. 
ibows  the  general  arrangement  of  piling  for  supporting  a  mat.  Not  enough  of  this 
irk  was  done  to  furnish  a  basis  for  a  fair  estimate  of  cost,  but  it  is  believe3  that  for 
^ttress  work  it  would  not  greatly  exceed  that  of  properly  grading  heavy  banks,  and 
r  curtain  work  that  of  wooden  or  box  buoys. 

L.   E.    COOLEY. 


Q    12. 

IMPROVEMENT  OF  MISSOURI  RIVER  AT  PLATTSMOUTH,  NEBRASKA. 

A  general  plan  for  improving  the  Missouri  Kiver  in  this  vicinity  was 
ibmitted  to  you  under  date  of  January  30,  1880,  and  published  as  Sen- 
:e  Ex.  Doc  No.  77,  Forty-sixth  Congress,  second  session. 
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With  the  appropriation  now  available  work  will  be  begun  in  the  vicin- 
ity of  Plattsmouth  and  pushed  as  far  as  the  funds  available  will  allow. 

This  work  is  in  the  coUectiou  district  of  New  Orleans,  and  the  nearest  port  of  delivf  rr 
is  Omaha,  Nebr.     The  nearest  fort  is  at  Leavenworth,  Kaus. 

Amount  of  revenue  collected  at  Omaha,  Nebr.,  during  fiscal  year  ending  June  30. 
1880,  wa«  $3,605.21.    • 

Money  statement. 

Amount  ajipropriated  by  act  approved  .June  14,  l^?0 $10, 000  00 

July  1,  1^0,  amount  available 10,000  00 

Amount  (estimated)  recjuiretl  for  completion  of  existing  project 490,  ChK)  00 

Amount  that  can  beprotitably  exi)euded  in  fiscal  year  ending  June  30,  1?^82.  *200,  000  00 


Q  ^3. 

IMPROVEMENT   OF   MISSOURI  RIVER   AT   COUNCIL    BLUFFS,  IOWA,  AND 

OMAHA,  NEBRASKA. 

At  the  date  of  my  last  annual  report  work  wa8  in  active  progress  at 
this  place,  extending  the  bank  revetments  and  works  of  channel  rectifi- 
cation.   During  the  season  the  work  made  satisfactory  progress.     A 
total  of  5,550  feet  of  bank  revetment  was  constructed,  of  which  700  feet 
was  a  woven  mattress,  similar  to  that  used  at  Vermillion,  Dak.    This 
was  an  extension  of  the  lower  end  of  the  Omaha  revetment.    The  Iowa 
revetment  of  1878  was  extended  down  stream  2,650  feet.    In  this  work 
a  novel  form  of  continuous  mattress  was  used.    It  was  built  from  a  float- 
ing ways,  which  were  drawn  out  from  under  the  mattress  as  fast  as 
lengths  of  40  to  60  feet  were  completed.    The  willow  brush,  of  which  it 
was  composed,  w  as  not  woven,  but  was  sewed  on  to  continuous  lengths 
of  wire,  which  furnished  the  longitudinal  strength  required.    The  thick- 
ness was  about  8  inches  and  the  width  95  feet  from  the  water's  edge. 
The  upper  bank  protection  was  a  woven  mattress. 

The  upper  portion  (1,200  feet)  of  the  Iowa  revetment  of  1878  having 
been  carried  away  by  a  change  in  the  channel  in  the  bend  above,  it  wa« 
decided  to  take  advantage  of  this  accident  and  adopt  a  new  shore  hne 
more  favorable  to  the  lower  work.  To  prevent  too  great  a  recession  of 
the  shore  line,,  a  woven  revetment  2,200  feet  long  was  constructed  on  the 
surface  of  the  ground  above  the  old  work,  it  being  expected  that  when 
this  mattress  was  reached  by  the  river  it  would  fall  in  and  protect  the 
bank.  This  object  was  in  a  measure  realized,  though  the  difficulties 
and  cost  were  greater  than  anticipated. 

In  the  way  of  channel  rectification  there  was  not  much  accomplished. 
The  weed  dike  described  in  my  last  report  was  perfectly  successful,  as  was 
also  a  600-foot  dike  of  the  same  character  put  in  for  temporary  purposes 
near  the  head  of  the  old  low^a  revetment.  In  the  spring  of  1880  it  was 
deemed  necessary  to  extend  the  work  into. the  bend  below  Florence, 
where  the  channel  changes  had  occurred  that  caused  the  damage  to 
the  luwa  revetment.  A  floating  dike  was  built  here  800  feet  in  length 
composed  of  a  continuous  wire  curtain,  or  screen,  having  large  open 
meshes. 

The  width  of  the  curtain  was  30  feet ;  one  edge  wa«  anchored  and 
the  other  buoyed.  This  screen  was  expected  to  catch  the  small  floating 
drift  and  thus  accumulate  sufficient  surface  to  make  it  an  efficient  cur- 
rent arrester.  The  meshes  were  diamond  shaped,  with  diameters  of  16 
inches  and  24  inches,  the  latter  vertical.    A  hexagonal  mesh  of  10  inches 
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diameter  was  also  used.  The  experiment  was  perfectly  successful  as  far 
as  carried  out,  but  funds  were  lacking  to  follow  it  up.  The  mesh  used 
proved  much  too  small  and  arrested  so  much  material  as  to  drag  the 
curtain  under  water  before  its  full  effect  had  been  produced. 

All  the  work  remains  in  a  very  satisfactory  shape  and  the  present 
appropriation  will  be  expended  in  further  prosecution  of  the  general 
plan.  For  information  concerning  the  details  of  the  work,  I  beg  to  refer 
to  the  accompanying  very  interesting  report  of  Assistant  C.  B.  Davis, 
who  had  charge  of  the  work. 

The  work  is  situated  in  the  collection  district  of  New  Orleans,  and  the  nearest  port 
of  delivery  is  Omaha,  Nehr.    The  nearest  fort  is  at  Leavenworth,  Kans. 

Amonnt  of  revenue  collected  at  Omaha,  Nebr.,  during  fiscal  year  ending  June  30, 
1880,  was  $3,605.21. 

Money  statement. 

July  1,  1879,  amount  available $39,735  82 

Amount  appropriated  by  act  approved  Juno  14,  1880 20, 000  00 

$59,735  82 

July  1,  1880,  amount  expended  during  fiscal  year 38, 391  31 

July  1,  1880,  amount  available 21,344  51 

Amount  (estimated)  required  for  completion  of  existing  project 60, 000  00 

Amonnt  that  can  be  profitably  expended  in  fiscal  year  ending  June  30, 1882.     60, 000  00 


KEPORT  OF   MR.    CHESTER   B.    DAVIS,    ASSISTANT  ENGINEER. 

Council  Bluffs,  Iowa,  July  19,  1880. 

MAJi>R :  I  have  the  honor  to  submit  the  following  report  concerning  the  work  of 
improving  the  Missouri  River  in  the  vicinity  of  Omaha,  Nebr.,  and  Council  Bluffs, 
Iowa,  for  the  year  ending  June  30,  1880.  The  work  is  described  under  the  following 
heads: 

I.  Floating  dike  near  Union  Pacific  Railway  Shop. 
II.  Floating  dike  at  the  head  of  the  Iowa  revetment  of  1878. 

III.  Hydraulic  bank  grading. 

IV.  Extension  of  the  Omaha,  Nebr.,  revetment. 

V.  Extension  of  the  Iowa  revetment  downstream. 

VI.  Surface  mattress. 

VII.  Floating  curtain  dike  at  Tarbox  Point,  1880. 

Previous  to  September  1 ,  1879,  all  work  executed  was  in  accordance  with  the  plan 
first  proposed  and  approved,  with  this  modification.  Instead  of  attempting  to  cut  the 
point  of  the  Iowa  shore  opposite  the  smelting  works  back  to  an  easy  curve  from  the 
lower  end  of  the  Iowa  revetment  of  1878  to  the  Union  Pacific  Railway  Bridge,  an 
attempt  was  made  to  cause  the  river  to  take  a  curve  at  this  place,  having  a  radius  of 
4,500  feet. 

A  change  in  the  plan  for  the  whole  vicinity  except  along  the  Omaha  City  front  was 
necessitated  by  the  serious  changes  in  the  shape  and  condition  of  the  river  which 
occured  during  the  summer  high-water. 

The  revetment  of  the  Iowa  shore  during  1878  was  stopped  at  a  point  about  one  mile 
abote  the  month  of  Iowa  Lake,  and  for  some  reason  no  attempt  was  made  to  secure 
the  head  of  the  work  from  being  flanked  by  the  river,  probably  because  the  main 
channel  of  the  river  was  to  the  west  of  Willow  Island  and  the  foot  of  the  crossing 
below  the  head  of  the  revetment. 

During  the  hi^^h- water  and  its  subsidence,  the  discharge  through  this  chute  was 
thrown  almost  directly  against  the  Iowa  shore  at  the  above  place.  By  September  1, 
abont  1,200  feet  of  the  revetment  had  been  carried  away,  and  a  pocket  over  a  mile 
long  and  having  a  maximum  width  of  about  800  feet  was  cut  into  the  shore.  Leaving 
this  pocket  the  channel  crossed  to  the  Nebraska  shore,  eroding  it  severely  until  it 
crossed  back  to  the  Iowa  side  below  the  revetment  in  front  of  which  a  large  sand  bar 
had  formed.  Although  it-s  effects  upon  the  work  of  1878  in  its  vicinity  were  very 
severe,  the  change  furnished  the  foundation  of  a  much  better  plan  of  improvement, 
the  points  wherein  it  differs  from  the  old  plan  being  briefly  stated  as  follows:  1st.  (a) 
Instead  of  continuing  the  Iowa  revetment  of  1878  as  far  north  as  the  Chicago  ana 
Northwestern  Railroad  dikes,  it  contemplates  continuing  the  erosion  in  the  above- 
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mentioned  pockety  until  the  shore  reaches  the  line  proposed,  and  revetting  along  this 
line,  (b)  Continuing  the  bank  in  a  direction  tangent  to  the  lower  end  of  the  pocket 
through  as  long  a  straight  reach  as  can  be  maintained  there,  allowing  the  channel  to 
follow  an  easy  curve  around  to  a  point  in  the  vicinity  of  the  smelting  works,  (c)  Ex- 
tending the  Iowa  revetment  a  sufficient  distance  down  stream  to  protect  the  shore 
from  cutting  which  would  occur  in  making  the  changes  above-mentioned  (6). 

2ci.  Executing  such  work  as  would  hold  the  river  in  the  pocket  near  Florence  Lake 
and  make  a  crossing  to  the  Iowa  shore  immediately  upon  leaving  the  pocket,  thus 
holding  it  away  from  the  chute  back  of  Willow  Island,  and  bringing  it  by  an  esusy 
curve  into  the  pocket  below  the  Chicago  and  Nortliwestem  Railroad  dikeB. 

FLOATING   DIKE  NEAR   UNION  PACIFIC  RAILWAY  SHOPS. 

The  exteusiou  of  this  dike  was  the  first  work  of  the  year.     It  was  complete  July  10. 
The  e<ldy  which  formed  at  it«  lower  end  being  quite  severe,  a  short  spur  was  built  out 
from  the  shore,  through  its  center,  which  had  tlie  eft'ect  of  breaking  it  up  and  facilitating 
the  filliug-in  process  oack  of  the  main  dike.     As  the  work  was  done  mainly  during  the 
June  rise,  much  of  it  in  a  depth  of  water  of  45  to  50  feet,  and  in  a  velocity  of  over  8 
miles  per  hour,  it  was  difficult  and  expensive.     The  results,  however,  were  very  sat- 
isfactory.    I  noted  a  filling  in  of  about  25  feet  near  the  lower  end  in  twelve  days.    By 
Sepfemijer  1,  the  shore  had  been  built  out  150  feet  beyond  the  head  of  the  dike,  and 
even  with  its  lower  end,  it  being  remembered  that  the  dike  was  curved  to  a  radios  of 
4,5CK)  feet.    A  description  of  its  construction  was  given  in  my  report  to  July  1,  1879, 
and  need  not  bo  repeated  here.    The  imi)erfect  action  of  the  wee<l  was  clearly  shown 
in  this  work  by  the  deposit  being  anything  but  uniform  in  its  depth.     It  being  impos- 
sible to  space  the  weeds  exactly  right  witli  reference  to  the  velocity  of  the  current, 
the  spaces  which  were  larger  than  proper  were  forced  wider,  and  until  it  was  fonnd 
that  the  whole  deposit  was  cut  up  by  cnaunels  varying  in  depth. 

Another  fault  is  found  in  their  failing  to  stop  the  current  at  the  bottom  of  the 
river.     Both  of  these  defects  retard  the  deposits  greatlv. 

The  serious  changes  occuring  during  July,  1871),  at  the  head  of  the  Iowa  revetment 
of  1878,  and  causing  an  entire  change  of  the  plan  of  improvement  of  the  Iowa  side, 
and  above  this  dike  so  that  the  revetment  has  been  left  uncared  for.  A  portion  of  the 
shore  formed  by  it  has  been  cut  away. 

FLOATING   DIKE   AT  THE  HEAD   OF  THE   IOWA  REVETMENT  OF   1878. 

As  soon  as  the  new  plan  of  improvement  was  approved  the  cutting  at  the  lower  end 
of  the  pocket  above  the  Iowa  revetment  having  stopped,  a  600-foot  dike  was  built  ont 
from  this  point  during  October,  1879,  with  a  view  of  protecting  and  bnilding  up  the 
bar  along  the  Iowa  shore  and  of  forcing  the  water  against  the  Nebraska  shore  op- 
posite to  produce  a  heavier  and  more  rapid  erosion.  Its  effect  was  quite  marked  m 
each  case.  A  filling  of  5  to  6  feet  occuiTcd  very  rapidly,  and  extended  out  to  near  the 
end  of  the  dike^  while  along  the  Nebraska  shore  the  cutting  increased  nntil  sufficient 
room  was  obtained  to  allow  the  river  to  curve  without  producing  much  pressure  on 
the  banks  where  it  slopped  except  during  a  favorable  wind. 

No  attempt  was  made  to  build  the  dike  after  a  new  or  improved  method.  Its  prob* 
able  length  of  life  was  small,  and  there  were  '•  weeds"  and  other  materials  on  hand 
sufficient  for  the  work,  which  had  been  left  over  from  other  and  similar  work.  The 
efficiency  of  the  dike  was  considerably  impaired  by  unknown  parties  st-ealing  the 
buoys.  Those  which  did  not  go  in  this  manner  were  either  earned  out  by  the  ice  or 
cut  off  and  saved.     The  cost  per  foot  was  as  follows : 

Rock $0  154^ 

Weeds 814^ 

Buoys W-i' 

Wire 06H- 

Labor  and  superintendence ? 77 

Total  cost  per  foot 1  91 -f- 

Total  cost,  $1,150. 

The  dike  was  built  in  a  4-mile  to  4^-mile  current,  and  at  an  angle  of  from  15^  to  Sii^  with 
it.  It  was  intended  that  this  dike  should  be  rebuilt  and  extended  to  1,.500  feet  during 
the  spring  just  passed,  but  a  sufficient  amount  of  funds  not  being  available,  the  pro- 
ject was  abandoned  until  a  later  date. 

EXTENSION  OF   THE   OMAHA   REVETMENT. 

The  revetment  of  the  Omaha  city  front  during  1878  was  stopped  at  a  place  1,700  feet 
north  of  the  Union  Pacific  Railway  bridge.     The  plan  of  improvement  for  that  vicin- 
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ity  contemplates  its  extensian  along  a  line  passing  just  ontside  of  the  second  west  pier^ 
^Dd  as  far  oelow  the  bridge  as  may  be  remiii*ed.  A  considerable  amonnt  of  cutting  is 
Kieeded  in  order  to  gc  t  the  shore  back  to  tnis  line.  A  distance  of  705  feet  was  all  that 
<3oald  be  gotten  in  condition  for  the  work  during  the  year,  and  a  revetment  consisting 
of  a  continuous  woven  willow  mattress  was  placed  there  during  October,  1&79. 

A  comparison  of  different  surveys  in  the  vicinity  shows  that  the  head  of  the  cross- 
X  ng  is  moving  down  stream  from  500  to  700  feet  per  year,  so  that  in  1882  it  would  natu- 
x-ally  arrive  at  the  desired  place,  at  least  500  teet  below  the  bridge.  In  order  that 
TM>ats  may  pass  the  bridge  safely,  the  crossing  must  be  wholly  below  it,  and  the  angle 
1)etween  the  bridge  line  and  the  axis  of  the  stream  as  near  90^  as  possible.  At  pres- 
ent this  angle  is  about  6(P.  When  the  proposed  improvement  is  completed,  the  angl« 
"Will  be  increased  to  75°,  giving  a  clear,  open  water-way  between  the  piers  of  220  feet. 
The  spans  of  the  bridge  are  250  feet  each,  and  the  greatest  available  water-way  is  240| 
:teet  for  each. 

The  woven  mattress  used  was  very  similar  to  the  form  used  earlier  in  the  year  at 
Sioux  City  and  Vermillion.     The  dimensions  were : 

Width  on  sloping  bank 30  feet  to  40  feet. 

Width  under  water 60  feet. 

Length 705  feet. 

Thickness,  net  8  inches 12  inches  gross. 

Total  width,  average %  feet. 

Total  square  feet 66,975. 

The  connection  with  the  old  work  was  made  by  lapping  the  new  mattress  60  feet 
on  to  it  and  sinking  it  securely  by  rock  wired  on  to  its  upper  end. 

The  cost  of  the  work  per  foot  of  shore  w'as  $2.95,  or  about  ^1  per  foot  more  than  such 
work  can  be  done  for  under  favorable  conditions.  This  difference  is  due  to  the  small 
amonnt  of  the  work  done  (700  feet),  the  difficulty  in  getting  rock  and  bfush,  it  hav- 
ing to  be  hauled  part  of  the  way  and  boated  the  rest,  and  to  the  difficulty  experienced 
in  Keeping  weavers  after  teaching  them  the  work.  A  detailed  statement  of  the  cost 
of  each  part  of  the  work  would  be  of  no  practical  value  in  estimating  on  similar  work. 
The  banks  were  gra<led  partly  by  the  use  of  picks  and  shovels  and  partly  by  a  hydraulic 
method  described  farther  along.*  (The  slope  adopted  was  5  horizontal  to  2  vertical). 
The  shore  portion  of  the  mattress  was  well  covered  with  earth  after  it  was  completed. 
The  work  is  now  in  most  excellent  condition. 

EXTENSION   OF  THE   IOWA   REVETMENT  DOWNSTREAM. 

During  the  summer  and  fall  of  1879,  owing  to  changes  occuiTing  farther  upstream, 
the  channel  of  the  river  was  forced  against  this  shore  just  below  the  Iowa  revetment, 
and  a  large  amount  of  the  bank  was  cut  away.  As  the  work  of  cutting  awav  the 
Nebraska  shore  would  increase  this  tendency  to  cut,  and  as  its  continuance  would  be 
somewhat  injurious  to  the  general  plan  of  improvement,  it  was  decided  to  protect  a 
jwrtion  of  this  bank  by  means  of  a  li^ht  revetment.  The  effect^  if  allowed  to  cut, 
would  be  to  relieve  the  cutting  where  it  was  greatly  desired  that  it  should  occur,  and 
also  to  increase  the  curvature  of  the  bend  below  the  pocket  forming. 

W^ork  was  commenced  Novemljer  1,  1879,  and  the  mattress,  which  was  continuous, 
was  formed  by  sewing  together  bv  wire  layers  of  willow  brush  as  described  below. 
The  bank  was  graded  to  a  slope  oi  3  in  5,  a  portion  being  done  by  hand,  but  the  most 
by  the  hydraulic  metho<l.  Brush  was  obtained  from  the  river  bank  below  the  bridge, 
the  average  length  of  haul  being  about  4|  miles,  and  a  large  portion  of  the  rock  came 
from  the  quarry  distant  about  7^  miles. 

The  mattress  was  built  upon  and  launched  from  a  mattress  boat,  a  drawing  of  which 
rfnd  photographs  giving  two  views  accompany  this  report. 

The  mattress  boat  consisted  essentially  of  a  set  of  eight  tnissed  ^^  ways*'  supported 
by  two  scows.  The  ways  proper  upon  which  the  mattress  was  made  form  the  upper 
chords  of  the  trusses,  and  are  of  6  by  6  inches  clear  pine.  The  posts  are  also  of  6  by 
6  inches  pine.    The  lower  chords  and  ties  are  2  bj'  10  inches  pine. 

At  **a**  is  seen  the  flooring  upon  which  the  men  worke4  while  sewing  and  distrib- 
uting the  brush,  and  at  ^'a^'  the  walk  for  brush-passers,  kept  from  from  sliding 
down  the  ways  by  1-inch  pins. 

The  scows  had  a  depth  of  hold  of  3  feet,  and  were  60  fret  long.  The  up  stream  one 
having  the  greater  loa<l  to  carry,  was  15  feet  9  inches  wide ;  the  other  was  12  feet  wide. 
The  former  was  provided  with  a  rounded  apron  for  its  whole  length  to  facilitate  in 
launching  the  work.  The  whole  weight  of  the  trusses  and  their  load  was  supported 
from  the  sides  of  the  scows  as  follows:  To  the  sides,  directly  under  each' truss,  were 
bolted  upright  nieces  of  4  by  6  inch,  and  a  2  by  6  inch  strip  was  nailed  to  these,  the 
whole  lengtn  of  each  side  8  inches  below  the  top.  On  these  strips  and  nailed  to  up- 
right pieces,  were  placed  double  2  by  10  inch  floor  joist  notched  2  inches  near  their 
ends  to  bring  them  flush  with  the  deck. 
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The  trusses  at  their  points  of  support  were  provided  with  rough  boxes  setting  on 
rouuded  beariu^  (supported  by  floor  joist)  in  order  that  the  structure  might  accommo- 
date itself  easily  to  the  var^nnff  load  during  launching,  which  often  changed  the 
dranght  of  the  up  stream  10  inches  to  12  inches.  This  bearing  in  the  up-stream  scow 
was  i  of  the  width  (12  feet)  from  the  outer  edge  of  the  scow,  and  was  placed  so  in 
order  to  balance  the  overturning  tendency  of  the  mattress  as  it  rested  on  the  apron. 

In  the  other  scow  this  jpoint  is  1  foot  back  of  the  center,  and  balances  the  overturn- 
ing moment  due  to  the  bridging  between  the  scows. 

The  posts  of  this  bridging  were  made  up  of  two  2  by  10  inch  joist  separated  4 
inches  at  their  centers,  and  tneir  ends  were  held  in  sockets  at  the  sides  of  the  scows 
by  pins,  thus  completing  the  hinged  system  which  allowed  it  to  accommodate  itself 
to  any  distribution  of  load. 

The  separate  trusses  were  securely  braced  laterally  and  their  upper  ends  mortised 
into  a  6  by  0  inch  pine  cap-piece.  To  this  cap  were  lashed  9  iron  sheaves  (^'  hay-fork 
pulleys '')  on  which  were  run  the  main  wires  of  the  mattress,  the  wire  reels  being  in 
the  back  scow,  as  shown.  The  trusses  were  placed  8  feet  apart,  as  long  brush  was 
abundant,  but  a  much  better  result  would  have  been  obtained  had  the  spacing  been 
reduced  to  5  feet.    The  slope  of  the  top  chord  was  4  horizontal  to  1  vertical. 

With  willow  brush  it  was  found  to  be  difficult  to  make  a  thin  mattress  on  this  slope, 
as  the  brush  slides  down  it  and  crowds  closely  together.  Better  results  would  hare 
obtained  from  a  slope  of  1  vertical  to  5  or  5i  horizontal. 

The  construction  of  the  mattress  was  as  follows :  At  right  angles  to  the  ^'  ways" 
and  to  the  shore  was  placed  a  very  thin  layer  of  the  longest  brush.  On  this  was  laid 
a  filling  of  from  4  to  o  inches  of  small  wiUows,  and  above  all  wasplaced  a  third  layer 
consistmg  of  the  longest  willows,  laid  parallel  with  the  first  ones.  This  done,  the  whole 
mass  was  sewed  along  the  main  wires,  located  as  described  above,  by  No.  14  wires,  the 
stitch  being  the  one  shown  in  the  sketch. 


N?  14  WIRE 
=    N9  9  WIRE 


The  stitches  were  about  15  inches  long  and  the  two  wires  were  securely  fastened 
together  every  few  feet.  During  the  sewing  the  No.  14  wire  was  held  on  a  double 
pointed  shuttle  of  elm  30  inches  long,  as  shown  by  sketch. 


The  mattress  was  made  in  sections  of  from  40  feet  to  60  feet,  and  was  launched  to 
the  water's  edge  by  simply  pulling  the  boat  from  beneath  it  down  stream.  The  l>e8t 
day's  work  was  300  feet,  but  the  maximum  capacity  would  probably  be  400  to  450  feet 
per  day,  could  a  sufficient  supply  of  brush  be  furnished. 

It  was  at  first  intended  that  the  mattress  proper  and  the  shore  or  hi^h-water  pro- 
tection should  be  continuous  and  made  at  the  same  time,  but  the  delay  m  gettiug  the 
boat  rigged  for  work  led  me  to  weave  the  shore  protection  in  a  manner  similar  to  the 
usual  woven  mattress,  first  placing  a  layer  of  old  brush  on  the  slope  to  stop  the  cut- 
ting due  to  the  swash  of  the  waves  through  it.  * 

Total  length  of  work 2,G50feet. 

Total  wicfth  of  work,  average 95  feet. 

Thickness,  average 8  inches. 

Cost  per  foot  of  snore,  complete $1  90 

Rock  hauled  and  boated 8    miles. 

Willow  hauled  over  soft  road 4^  miles. 

The  work  stood  the  ice  and  the  spring  and  summer  rises  of  1880  very  well,  indeed. 
The  only  damage  done  was  to  the  high- water  protection  by  drift,  as  it  was  in  a  very 
much  exposed  location. 

EXTENSION  OF  THE  UPPER  IOWA  REVETMENT. 

As  the  shore  above  the  point  at  the  head  of  the  Iowa  revetment  of  1878  had  not  at 
any  point  reached  the  line  proposed  and  was  very  irregular,  and  as  it  was  necessary, 
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iler  to  hold  tliis  point,  to  place  some  sort  of  protection  above  it,  it  wan  decided  to 
lie  experiment  of  weaving  a  mattress  on  the  snrface  along  the  jiroposed  line  from 
>oint  to  a  place  up  stream,  beyond  which  it  would  be  impossible  for  the  river  to 
whind  the  work  and  cause  its  destruction. 

was  intended  that  when  the  river  had  eroded  the  bank  back  to  the  desired  place 
nattress  being  undermined  would  drop  over  the  bank,  ancl,  settling  against  it, 
Id  stop  the  cutting  when  the  limit  of  scour  was  reached.  A  careful  study  of  the 
able  cnr>^e  the  river  would  assume  if  the  point  was  held,  or,  in  other  words,  the 
able  length  of  the  projwsed  line  which  would  be  reached  by  the  river,  caused  me 
tcide  upon  2,000  feet  as  the  necessary  length  of  the  revetment.  In  addition  to 
the  upper  end  was  curved  inland  for  *200  feet  to  act  as  a  "root.''  The  width 
ted  was  120  feet,  which  is  sufficient  to  pi-ovide  for  a  scour  of  from  70  to  75  feet 
the  top  of  the  bank.  Work  was  commenced  November  1,  1879,  and  completed 
g  the  same  month. 

c^ODstniction  the  mattress  differed  little  from  the  ordinary  woven  mattress,  and 
9t  was  11.90  per  running  foot,  or  1.6  cents  per  scinai-e  foot,  completed,  a  portion 
J  rock  being  wired  on.  The  willow  for  the  work  was  hauled  7  miles  by  wagon 
lie  rock  about  34  to  4  miles  over  very  poor  roads.  The  amount  of  work  woven 
ly  averaged  about  ICO  running  feet.  The  greatt^st  amount  woven  in  one  day 
41  feet,  or  16,920  square  feet.  The  force  employed  averaged  from  25  to  30  men. 
's  work  for  one  weaver,  with  a  helper,  averaged  al>out  l,0i)0  square  feet. 
work  waa  left  uncovere<l  during  the  winter  and  as  the  willows  were  cut  very 
1  the  fall  they  did  not  dry  out  to  any  considerable  extent.  During  the  spring  of 
he  revetment  was  severely  tried  and  a  considerable  expenditure  made  to  keep  it 
air. 

spring  rise  was  an  unusually  sudden  one,  changing  from  very  low-wat<^r  to  a 
of  3  feet  over  the  center  of  the  mattress  in  about  thirty-six  hours.  Its  first 
'Was  to  cut  away  with  great  rapidity  the  point  of  laud  2C0  feet  to  300  feet  wide 
eof  the  work,  and  to  cut  considerably  beneath  it  at  the  soft  "slough-'  at  its 

• 

?avy  north  wind  ]»revailing  all  the  time  the  wat^r  was  rising,  and  for  several 
ifter  forced  the  drift  with  great  violence  against  the  edge,  tearing  it  badly 

the  bank  could  cut  away  and  allow  it  to  drop  beneath  the  water  a  sufficient 
ce  to  be  protected  by  it.  It  struck  with  great  violence  at  the  point  and  ^^OOfeet 
carried  away  from  the  lower  end  before  the  work  of  repairing  could  be  com- 
d.  A  bad  break  also  occurred  at  the  center  where  it  crossi^d  the  soft  slough  and 
ened  to  cut  it  into  two  pieces.  As  Aoon  as  the  water  got  below  the  edge  of  the 
:he  torn  places  in  the  mattress  were  sewed  strongly  with  wire  and  a  new  edge 
I  in  that  manner. 

water  fell  very  rapidly,  and  the  mattress  hanging  over  the  bank  and  fitting 
losely  to  it  began  to  be  torn  and  pulled  apart  by  the  large  masses  of  earth  as 
ecame  detached  and  fell  into  the  river.  This  necessitated  sewing  the  whole 
588  from  the  water's  e<lge  bai'k  and  the  adoption  of  several  other  devices  for 
iting  these  breaks,  all  of  them  more  or  less  successful.  As  the  bank  became 
and  the  caving  less,  the  breaks  all  occurred  immediately  beneath  the  water's 

These  were  very  successfully  stopped  and  prevented  from  increasinjj  in  size  by 
g  over  the  breaks  a  piece  of  woven- wire  curtain,  such  as  was  used  m  the  dike 
after  secui-ely  wiring  rock  to  it. 

Iiis  manner  I  succeeded  in  repairing  all  of  the  breaks  and  in  placing  the  work 
uch  condition  that  it  stopped  all  erosion.  When  this  result  was  reached  the 
ure  of  the  bend  had  become  very  sharp,  the  radius  being  only  1,200  feet,  and 
iximnm  de]>tli  of  water  off  the  shore  had  reached  50  feet.  The  mattress  was  in 
iter  for  a  distance  of  1,hOO  feet,  200  feet  of  it  and  the  ro6t  still  remaining  on 

The  material  forming  the  bank  at  the  center  of  the  work  being  very  soft  and 
3rode<l,  it  cut  back  so  far  as  to  necessitate  widering  the  mattress  by  weaving 
along  the  inner  edge  al>out  30  to  40  feet. 

he  morning  of  May  21,  it  was  found  that  a  break  ha<l  occuiTed  during  the  pro- 
light  causing  the  mattress  to  be  torn  nearly  into  two  pieces  near  the  '^  slough." 
eak  commenced  about  500  feet  farther  up  stream  and  widened  rajiidly  to  this 

The  bank  being  exposed  it  cut  away  with  such  r<apidity  that  the  inner  edge 
nattrefls  dropped  into  the  river. 

ippropriation  being  nearly  exhausted  and  the  balance  on  hand  insufficient  to 
he  break,  I  was  compelled  to  allow  matters  to  take  care  of  themselves.  The 
alf  of  the  work  will  probably  be  entirely  destroyc^l  before  the  present  high- 
H  pass(^d. 

91    E 
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TARBOX   POLN'T  DIKE. 

The  preparatory  work  for  the  construction  of  the  wire  curtain  dike  at  Tarbox  Point 
wa«  begun  April  12.  The  work  was  stopped  before  the  completion  of  the  dike,  owing 
to  a  scarcity  of  funds,  yet  enough  was  placed  in  position  to  insure  the  success  of  this 
sort  of  structure  and  furnish  data  for  estimating  its  cost.  The  dike  is  essentiallv  a 
wire  screen  of  coarse  mesh,  having  a  width  of  30  feet,  and  is  held  in  place  by  weignt- 
ing  one  edge  with  rock  and  supporting  the  other  edge  by  buoys.  The  total  length  of 
the  dike  was  800  feet. 

Two  forms  of  meshes  for  the  wire  curtain  were  used,  viz,  the  diamond  shape,  with 
diameters  of  16  inches  and  24  inches  (the  latt-er  vertical),  and  the  hexagonal  with  a 
shorter  diameter  of  10  inches.    The  method  of  making  the  former  is  shown. 

No.  14  wires,  wound  on  spools,  were  led  over  the  top  of  a  24-iuch  drum  into  which 

Eins  were  driven  at  the  proper  places  for  shaping  the  mesh.  The  strands  were  then 
rought  together  beneath  tne  pegs  and  twist-ed  securelj',  care  being  taken  to  cause 
each  strand  to  travel  continually  along  the  drimi  in  order  to  make  each  diagonal  of 
the  curtain  from  a  single  wire  and  not  from  the  zigzag  portions  of  several  wires.  Thr 
work  was  wound  in  a  roll  as  fast  as  it  was  completed. 

Four  men  are  as  many  as  can  work  to  advantage  at  this  frame,  twisting,  while  one 
man  keeps  the  spools  tilled  with  wire.  The  average  day's  work  was  36  feet  per  each 
man  employed,  or  180  feet  per  day.  Amount  of  wire  'i>er  foot,  a  tritlt?  less  than  one 
pound  of  No.  14. 

The  hexagonal  mesh  was  the  same  as  that  used  at  Nebraska  City,  Nebr.,  during 
the  fall  of  lo79.  A  sufficient  number  of  wires  were  stretched  on  a  horizontal  frame 
and  10  inches  apart  and  the  meshes  were  made  b}'  bringing  together  at  the  proper 
l)lace  two  of  these  wires  adjoining  each  other  and  twisting  them  securely  togetner  by 
means  of  an  iron  pin,  as  shown  by  this  sketch.    The  frame  was  provided  with  a  shdini! 

guide  having  staple  for  the  wires  to  pass  through, 
thus  holding  them  in  places  while  being  twisted. 

The  frame  for  the  curtain  was  80  feet  long  by  JK* 
feet  wide. 

Seven  men  with  two  boys  to  help  will  make  and 
wind  400  feet  per  day.  The  amount  of  wire  per 
foot  of  curtain  is  about  1^  pounds  of  No.  14. 

Each  of  these  styles  were  furnished  withselvaffe 
edge,  made  by  twisting  two  No.  12  wires.  The 
total  average  weight  was  about  1  pound  to  30  square 
feet  of  curtain. 

The  buoys  were  pine  boxes  12  inches  square  at  the  end  and  2  feet  long.  They 
were  made  tight  by  marline  at  each  joint  and  then  were  well  tarred.  In  order  to  dis- 
tribute the  buoyancy  as  nearly  uniformly  as  possible,  these  small  floats  were  selected 
and  placed  10  feet  apart,  giving  a  flotation  of  about  12  pounds  per  running  foot,  in- 
stead of  using  larger  floats  and  concentrating  the  buoyancy. 

The  success  or  failure  of  the  work  depends  upon  the  buoyancy  of  the  upjier  edge 
and  the  effect  produced  by  the  loss  of  a  small  buov  is  scarce  noticed,  while  the  loss  of 
a  large  float  where  the  buoyancy  per  foot  of  dike  is  the  same  produces  a  very  bad 
result. 

The  anchors  were  pieces  of  rock,  averaging  80  pounds  each  in  weight,  and  were 
wired  securely  to  the  lower  edge  about  2  teet  apart,  thus  obt>aining  a  nearly  uniform 
anchor  weight  throughout  the  whole  length  of  the  dike. 
The  method  of  constructing  or  placing  the  dike  in  the  river  is  shown. 
A  line  of  anchors  with  barrel  buoys  were  located  immediately  above  the  line  of  the 
dike,  and  by  means  of  these  and  a  capstan  the  barge  was  worked  out  from  the  shore 
with  its  gunwale  always  at  right  angles  to  the  dike.  The  end  of  the  curtain  being 
securely  anchored  on  shore,  the  roll  oeing  in  the  hold  of  the  barge,  the  completed 
work  was  passed  over  the  side  as  rapidly  as  men  could  wire  rock  to  tne  curtain  at  the 
how  and  buoys  to  it  at  the  stem  of  the  barge. 

The  work  was  designed  to  be  sufficiently  open  so  that  the  accumulation  of  roots 
&c.,  in  twenty-four  hours  would  decrease  the  cross-section  one-sixth,  and  to  have  a 
width  of  at  least  three  times  the  depth  of  water.  Owing  to  the  verv  great  amount  ot 
young  willows  floating  beneath  the  surface  and  to  the  final  location  of  the  dike  in 
somewhat  deeper  water  than  at  first  intended,  these  points  were  not  reached.  The 
first  line  of  curtain  was  laid  as  shown  in  sketch  (a).  In  twelve  hours  it  had  aasnined 
the  position  shown  in  sketch  (6),  and  the  meshes  were  so  completely  tilled  'vith 
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Hows,  Sec,  that  a  pole  conld  not  bo  thrust  through  the  mas»8,  and  it  is  doubt  fa 
a  g^rx;ater  number  of  buoys  would  llavo  changed  the  result. 
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Eight  hundred  feet  were  placed  in  this  manner  when  it  was  thought  advisable  to 
lay  a  second  line  immediately  over  the  first.  Four  hundred  feet  of  this  line  were 
completed  -when  work  was  stopped.  This  line  was  buoyed  at  intervals  of  from  5  feet 
to  8  feet,  and  had  the  same  weight  of  rock  per  foot  as  the  first. 

Six  hundred  and  fifty  feet  of  the  hexagonal  mesh  and  550  feet  of  the  diamond  mesh 
were  used.  No  difference  due  to  the  size  or  shape  of  the  meshes  could  be  discovered 
except  that  the  former  was  the  stronger.  The  best  speed  made  was  400  feet  of  dike  by 
nine  men  in  ten  hours,  and  it  is  thought  that  under  favorable  circumstances  12  men  can 
lay  1,000  feet  of  the  dike  i>er  day. 

The  rapidity  with  whicn  the  meshes  of  the  dike  filled  with  submerged  material  was 
astonishing,  so  that  the  problem  is  re^illy  how  to  construct  a  dike  which  will  not  catch 
all  of  this  material  instead  of  one  which  will  stop  it  all,  as  was  at  first  thought  desira- 
ble. This  result  can  be  obtained,  I  think,  by  using  a  long  narrow  diamond  or  hex- 
agonal mesh  which  will  allow  a  large  proportion  of  the  floating  brush  to  slide  up  and 
over  it,  the  longer  diameter  of  the  diamond  being  vertical. 

The  total  cost  of  the  work  was  $()13.75,  distributed  as  follows : 

Rock $202  72 

Buoys 119  50 

Cartain,  including  transportation,  labor,  &c 291  53 

Total 613  75 

£!oat  of  diamond  mvsh  curtain j  per  foot. 

Making,  includiug  one-half  foreman's  time $0. 044 

Transportation 0.016 

Anchem 0. 169 

Buoys 0.099 

Launching  (many  breaks  occurred) 0. 142 

Wire 0.075 

Total  per  fojt  of  dike ^.^i^ 
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Cost  of  hexagonal  mesh  jierfooi  of  dike. 

Making,  inclmling  one-half  foreman^s  time $0. 031 

Transporting 0.016 

Rock 0.109 

Bnoys 0,01)9 

Launching  (no  breaks  occurred) 0.0425 

Wire 0.100 

Total  cost  per  foot  of  dike > ..*..     0.4575 

The  cost  of  making  is  based  on  the  best  day*s  work  of  each  party. 

The  object  of  this  dike  was  to  tlirow  the  main  river  across  to  the  Iowa  side  imme- 
diately above  the  point  of  the  bar  which  made  np  from  the  head  of  Willow  Island, 
thus  shutting  oif  the  Willow  Island  chat«  and  building  the  above  bar  back  to  the 
Nebraska  shore. 

A  very  large  deposit  occurred  for  a  long  distance  below  the  dike,  and  could  it  have 
been  extended  to  1,500  feet,  as  at  first  intended,  the  desired  result  would  have  been 
secured.  The  water  now  sweeps  around  the  end  of  the  dike,  having  cut  away  the 
upper  end  of  the  bar,  so  that  the  discharge  through  the  chute  has  not  been  decrease*!. 

HYDRAULIC   GRADING. 

During  the  full  of  1879  the  experiment  of  using  a  jet  of  water  for  the  piirjioae  of 
grading  the  banks,  preparatory  to  placing  woven  mattress  work  upon  them,  was  tried, 
and  the  results  obtained,  although  the  jjlant  employed  was  far  from  being  an  efficient 
one,  proved  this  to  be  beyond  a  doubt  the  cheai>est  and  most  satisfactory  method  yet 
employed. 

The  plant  consisted  of  a  flatboat,  12  feet  by  45  feet,  containing  a  horizontal  tubu- 
lar boiler  and  a  Blake  special  mining  pattern  pump,  properly  arranged  for  taking 
vfater  from  the  river  above  the  i>lace  to  be  graded  and  forcing  it  through  a  2^iDch 
rubber  hose.  The  entire  cost  of  the  ontfic  complete  (with  the  exception  of  the  flat- 
boat)  was  $2,133.68,  and  the  cost  of  working  per  day  about  $16. 

It  was  proposed  to  carry  on  a  series  of  experiments  with  a  view  of  finding  some 
method  of  using  the  water  jet  to  remove  bars  or  portions  of  the  shore  line,  bnt  the 
lai^e  amount  or  bank  grading  to  be  done  did  not  admit  of  it. 

xhe  following  is  the  principal  data  concerning  the  plant : 

Stroke  of  pump ^ inches..  12 

Diameter  of  steam  cylinder,  area  113 do....  I'i 

Diameter  of  water  cylinder,  area  2S^ do....  7 

Katio  of  steam  and  water  pressure  per  square  inch. 1  to3 

Single  stream : 

Average  piston  travel  per  minute  for  80  pounds  boiler  pressure feet..  200 

»Same  for  70  i>ouuds  boiler  pressure do  ..  l^ 

Two  streams : 

Average  piston  travel  per  minute  for  70  pounds  boiler  pressure do . .  224 

Same  for  60  pounds  boiler  pressure do..  200 

Gallons  per  stroke  (single)  or  per  foot  of  travel gallons. .  2 

Maximum  safe  upeed  of  pump  per  minute feet..  200 

Maximum  discharge  per  minute gallous..  ^^ 

Assuming  5  pounds  loss  between  boiler  and  pump. 

Horse-power  of  pump  for  maximum  discharge : 

Using  one  stream horse-power..  51  ^ 

Using  two  streams tio 37.  < 

Diameter  of  boiler ^|^, 

Length  of  tubes 3'  2 

Diameter  of  tubes,  average J. 

Number  of  tubes }f, 

Width  of  grate ^  J, 

Depth  of  grate  (lowest  tube  5"  above  grate  bars. ) 3 

Dome:                                                                                               •  .„ 

Diameter ^^, 

Height Yi 

Steam  pipe L 

Exhaust  pipe ^i 

Suction  pii»e .j- 

Total  heating  surface  ....  '. square  feet..  ^^ 

Horse-powor,  using  12  square  feet  per  horse- power 
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iiing  iiieriu  otioftive  prensuru  in  steam  cylinder  at  75  pounds  per  square  inch, 
«iirc  in  tlie  water  cylinder  l>ecoines  ti^o  pounds  per  square  inch  (approximated). 


SKETCH    OF   BOILER 

frictioual  i-eKistauces  in  dischar^^ing  450 gallons  water  per  minute  through  100  feet 

:  hose,  2i  inches  in  diameter,  heing  60  pounds  per  square  inch  (see  work  done  hy 

)wor  retiuired  for  5  streams,  Ellis),  and  assuming  5  pounds  per  square  inch  resist- 

Q  the  pump,  the  pressure  at  the  nozzle  hecomes  1^  iM)und8  per  square  inch,  or 

10  pounds  less  than  the  theoretical  pressure  necessary  to  discharge  the  same 

it  01  water  through  the  same  size  orifice.    With  this  quantity  of  water,  at 

"essure  stated,  it  wan  found  that  the  maximum  effective  cutting  distance  was 

.5  to  18  feet,  with  the  best  form  of  nozzle  to  be  obtalue<l  in  this  vicinity.     On. 

ghest  banks,  12  feet,  where  the  slope  is  nearly  30  feet,  this  stream  was  not  suffi- 

to  do  the  work  without  moving  the  stream  down  the  slope  to  a  point  nearer  the 

ial  to  bo  moved,  and  the  quantity  of  water  was  not  sufficient  to  soften  and  carry 

the  material  as  rapidly  as  it  should.    The  best  results  were  obtained  by  using  a 

ring  nozzle,  made  by  setting  a  nipple  of  I-inch  gas  pipe,  |  inch  long,  into  the 

of  a  l^inch  smooth  l)rass  nozzle.    This  form  was  founa  to  give  a  stream  which 

hold  together  for  a  greater  distance  than  one  given  by  the  ordinary  1-inch  ring 

5. 

Qooth-bore  nozzle  gave  no  satisfactory  results,  though  several  wore  tried,  the 
rarying  from  |"  to  1^". 

method  of  workiug  the  jet  from  the  flat-boat  was  found  to  be  impracticable, 
fat  a  iinifonn  grade  could  not  be  obtained  in  this  manner.  The  method  adopted, 
rying  all  that  could  be  thought  of,  was  as  follows,  and  is  shown  by  the  sketches. 


ELEVATION 
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The  grade  line  being  mn,  a  jminted  gas  pipe  socket  3  feet  long  (by  H  inches  diameter 
inside)  is  driven  into  the  ground,  about  3  feet  back  of  it,  and  into  this  is  put  the  pin 

N9  2. 


PLAN 


of  the  swivel  on  the  lever,  which  is  attached  to  the  nozzle.    T^e  swivel  and  socket  are 
shown  at  sketch  No.  3.    The  nozzle  being  at  the  proper  place,  the  jet  is  directed  in 

Kf o  o  such  a  manner  as  to  cut  a  narrow  channel 

'^  •   "^  •  down  to  the  grade,  and  all  the  surplas  esith 

washed  into  the  river.     This  lining  done 
another  socket   is   driven,   as   shown  in 
sketches  No.  1  and  No.  2,  that  is  abont  3 
feet  back  of  the  grade  line,  and  abont  3^ 
feet  further  alouj^  it.      Then  the  nozzel- 
lever  is  shifted  mm  its  previous  position 
by  three  or  four  laborers  without  stopping 
the  pump,  and  the  socket  drawn  and  lo- 
cated for  the  next  position  of  the  nozzle  or 
the  next  section  to  be  cut  away. 

As  soon  as  the  socket  is  in  place  the  i^\^ 
is  directecl  against  the  ground  at  C  {aketcrj^^ 
No.  2),  and  worked  along  the  grade  line  ^^ 
D,  being  moved  slowly  back  to  C  occasioi 
^^^  ally,  to  wash  away  the  material  cut  awi 
"^"^  by  the  jet. 

Slices  of  the  bank  are  then  cut  out 
along  the  dotted  lines  shown,  care  always 
bein^  taken  to  have  the  face  of  the  cut  per^'^ 
pendicular  to  the  direction  of  the  jet  by^ 
cutting  well  under  it  at  the  points  *D,  D*,   * 
D«,  D',  &c.,  before  directing  the  jet  to  any 
other  part  of  the  face,  except  to  break  up 
and  wash  away  the  fallen  material. 
In  order  that  the  desired  result  may  be 
g  reached  with  the  minimum  amout  of  work, 

^  it  is  necessary  to  hold  the  jet  carefiiUy  down 

to  the  grade,  and  to  do  a// the  cutting  and  undermining  at  the  very  lowest  point. 
On  Jong  slopes  it  is  often  necessary,  particularly  where  the  material  composing  the 


(0 
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is  clay,  or  is  filled  with  roots,  to  drive  a  socket  part  way  dowu  the  grade,  aud 
establish  an  intennediate  cuttiug  station. 

average  day^s  work,  when  there  are  no  nnusual  stops  made,  is  the  grading  of 
100  feet  of  shore,  and  moving  from  5  to  6  cubic  yards  of  earth  per  foot,  or  from 
GOO  cubic  yanls  of  the  ordinary  bank  material. 

N?4. 


HALF    SECTION   OF  NOZZLE 


»re  the  material  is  a  light  loose  sand,  this  amount  can  be  increased  even  with 
stficient  plant  employed  to  800  or  900  cubic  yards,  while  in  tough  clay,  filled 
villow roots,  it  is  often  verv'  difficult  to  break  up  and  remove  over  'JOO  cubic  yards. 
K)ve  results  were  obtained,  using  one  jet  and  not  working  full  time,  owing  to  the 
iency  of  the  boiler,  which  with  the  utmost  forcing  could  not  maintain  the  80 
8,  steam  pressure  required,  and  to  the  small  size  of  the  boiler  tubes  (1  inch  in 
ter)  rendering  it  necessary  to  clean  them  often,  as  many  as  four  times  per  day. 
coal  used  (Des  Moines,  third  vein)  bums  well  in  boiler  having  2|  to  3-inch  tubes, 
ual  size  in  this  vicinity,  but  no  satisfactory'  results  could  be  obtained  using  one>> 
nbes.  '  " 

ing  into  account  all  delays  from  boiler  cleaning,  bursted  hose,  «&c,  not  over 
fourths  of  the  time  was  spent  in  effective  working. 

h  an  eflicieut  boiler  aud  hose  of  sufficient  strength,  the  efiective  work  could  be 
more  than  double  the  result«  obtained,  and  I  am  confi<leut  that  with  a  carefully 
led  ])laut  the  cost  of  grading  banks  can  be  reduced  to  less  than  2  cents  per 
yard  as  an  average. 

actual  average  cost  for  the  whole  season,  including  time  for  mounting,  for  re- 
aud  for  dismantling  was  for  labor  4.1  cents  per  cubic  yard,  and  for  mel  1.15 
>er  cubic  yard,  or  a  total  cost  of  5.25  cents  per  cubic  yanl. 

y  average  taken  while  working  in  the  lighter  soils,  showed  a  cost  of  from  2^ 
\o  2^  cents  per  cubic  yard,  after  allowing  lor  repairs  and  for  interest  on  the  in- 
int.  In  the  stratified  sands  and  clays,  the  cost  was  from  3  cents  to  4  cents  per 
fanl.  At  Gumbo  Point,  where  the  material  was  a  tough,  finn  clay,  couipletoly 
vith  willow  roots,  and  where  an  unusually  flat  slope  was  given,  the  cost  variiul 


N?  5. 


cents  to  8  cents  per  cubic  yard.     At  this  latter  place  it  was  frstiuiate<l  that  the 
ilope  couhl  not  be  obtaineil  by  the  use  of  pick  aud  shovel,  at  less  than  fn)ui  15 
to  18  cents  per  cubic  yard, 
n  two  occasions  comparative  trials  were  made  to  determine  the  relative  economy 

two  kinds  of  grading,  extending  over  several  days.     The  ground  sekM*t»^d  wan 
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very  uniform  tlironglioiit,  and  somewhat  better  or  easier  to  work  by  hand  than  the 
average  baiikH  are.  The  cost  per  yard,  net,  for  the  worlc  done  by  the  n»e  of  pickM  and 
shovelH  was  G|  cents.  The  cost  "by  the  hydraulic  method  was  3^  cent«  per  yard,  a 
trifle  over  one-half. 

The  shovel  grading  was  thus  about  28  per  cent,  greater  than  the  average  for  the 
scason'as  given  above,  5^  cents. 

If  the  mattress  work  is  up  close  to  the  grading,  so  as  to  be  placed  on  the  slope  im- 
mediately, the  above  is  a  fair  average  cost  of  shovel  grading,  but  it  is  oftencr  the  case 
that  the  two  kinds  of  work  are  several  days  apart.  When  this  state  of  affairs  exists 
the  superiority  and  economy  of  the  hydraulic  work  is  apparent. 


N?  6. 


Sketch  No.  5  shows  the  relative  Conditions  of  the  two  kinds  of  grading.     In  gradinj; 
by  shovel  a  bank  of  earth  is  rapidly  built  up  at  the  foot  of  the  slope  at  *'  A,"  no  that 
the  slope  never  coincides  with  the  one  desired,  but  is  flatter  until  the  water  line  is 
reached,  when  there  is  a  sharp  reversed  curve  to  reach  the  natural  slope  under  water. 
The  bank  thus  built  up  is  very  soft  and  will  not  support  a  man's  weight  or  stand  the 
wash  of  the  current  or  waves,  so  that  in  a  few  days  the  bank  assumes  a  shape  shown 
in  sketch  No.  6,  having  a  bluft*  bank  from  2  to  3  feet  high  at  the  foot  of  the  slope, 
necessitating  regi*adiug,  often  at  a  cost  of  from  5  cent«  to  8  cents  or  10  cents  per  foot 
of  shore.     The  slope  wlien  reached  by  the  hydraulic  method  is  firm  and  hard  and  all 
the  sur])1u8  material  is  dissolved  or  softened  up  and  washed  away  from  the  foot  of  the 
slope.     The  bank  at  the  water's  edge  thus  approaches  the  nearest  possible  to  the 
natural  slope  under  water,  and  is  thus  made  less  liable  to  be  cut  away  than  the  natural 
bank.     This  advantage  is  apparent  both  before  the  mattress  is  placed  and  after,  and 
the  condition  of  the  bank  for  insuring  good  work  is  marked  as  to  cause  one  to  favor 
the  hydraulic  grading,  even  at  a  greater  cost. 

It  soon  became  evident  that  the  plant  was  entirely  too  small  to  do  the  pro])er  anionnt 
of  work  of  grading,  but  more  especially  so  for  the  work  of  cutting  the  shore  linebacW 
any  distance  or  for  making  an  appreciable  effect  on  bars. 

To  keep  entirely  ahead  of  the  mattress  work  the  capacity  should  be  at  least  :)00  fee^ 
per  day  or  about  three  times  the  capacity  of  experimental  plant.  The  quantity  o: 
water  thrown  (400  gallons  per  minute)  was  not  sufhcient  to  saturate  the  material  i 
the  case  of  sand  or  to  soften  and  break  up  the  large  lumps  of  clay,  and  also  wash 
them  into  the  river.  In  sand  the  volume  should  be  sufficient  to  at  once  form  a  fluid 
mass  which  would  run  quickly  from  the  grade.  Careful  observation  during  the  prog- 
ress of  the  work  led  me  to  decide  that  the  quantity  of  water  thown  in  this  soil  should 
be  from  2  to  2^  times  the  above  amount  or  from  800  to  1,000  gallons  per  minute.  This 
amount  would  carry  off  sand  and  loose  material  as  rapidly  as  it  could  be  undermined. 

The  cutting  effect  of  this  jet  was  about  sufficient  for  sand,  but  was  not  so  for  t^e 
harder  and  tougher  material  found.  With  such  an  increase  in  the  quantity  of  water 
thrown,  the  cutting  eflect  at  the  same  nozzle  pressure  (ItJO  pounds)  would  be  largely 
increased,  but  as  this  in  clays  depend  almost  entirely  upon  the  intensity  of  the  pres- 
sure or  impact  and  not  so  much  upon  the  quantity  of  water  thi*own,  I  would  suggest 
that  in  any  apparatus  devised  for  this  i)urpo8e,  the  nozzle  pressure  be  increased  to 
about  200  pounds  per  square  inch. 

Two  of  the  next  larger  size  of  this  same  style  of  pump  working  to  a  common  air- 
chamber,  would  probably  be  ample  for  grading  any  bauK  when  worked  to  their  fall 
capacity.  The  air-chamber  shquld  be  very  large.  This  is  a  fault  common  to  nearly 
all  of  the  smaller  steam  pumps,  that  the  air-chambers  are  insufficient  and  that  the 
pulsations  are  carried  the  full  length  of  the  hose. 

In  this  character  of  work  where  the  hose  has  to  lie  on  the  ground,  the  pulsations 
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sboulii  1)0  iirevcnteil,  as  the  constant  movin«jf  of  the  lio»e  soon  wears  a  hole  thron«jfh  it 
or  thiiiH  it  sijflBcient  for  tho  pressure  to  burst  a  hole  throuj^h. 

A  plant  of  this  sort  is  of  jj^reat  value  for  numerous  other  things  besides  the  work 
for  which  it  was  designed,  and  by  increasing  its  power  to  that  indicated  above  and  by 
supplying  it  with  a  proper  boiler,  I  am  confident  that  ordinary  river  banks  may  be 
graded  by  it  at  a  cost  of  little  over  1  cent  per  yard. 

Respectfully  submitted. 

C'liKSTKK  B.  Davis, 

Maj.  CiiAS.  B.  SuTER,  AHiti8lant  Enghieer. 

Corps  of  Engiiteertff  (\  S.  A. 


Q  14. 

impkovemekt  ok  mlssoijki  river  between  omaha  and  platts- 

molth,  nebraska. 

United  States  Engineer  Office, 

Saint  Ixnm^  Mo.^  January  30,  1880. 

General:  In  coiupliance  with  your  instructions  of  the  9tli  ultimo,  I 
have  the  honor  to  submit  herewith  a  copy  of  the  map  of  the  Missouri 
Kiver  between  the  raib:*oad  bridges  at  Omaha  and  Plattsmouth,  Nebr., 
recently  made  under  my  direction,  and  also  a  copy  of  a  report  of  my 
assistant,  Capt.  Thomas-  H.  Handbury,  Corps  of  Engineers,  U.  S.  A. 
giving  phins  and  estimates  for  the  improvement  of  the  navigation  of 
the  river  between  the  points  mentioned. 

For  details,  I  beg  to  refer  to  the  accompanying  report  and  map.    The 
situation  in  brief  is  this:  The  portion  of  the  Missouri  Eiver  under  con- 
sideration is  extremely  tortuous  and  has  a  hea\^  slope,  averaging  j^^' 
of  a  foot  to  the  mile.    The  bdnks  are  very  unstable  and  are  subject  to 
great  erosion,  the  result  of  which  is  an  excessive  width  of  waterway, 
with  ever-shifting  channels  and  small  navigable  depth.    The  incessant 
erosion  on  the  narrow  necks  between  bends  has  already  caused  two  cut- 
offs, one  at  Omaha  and  another  at  Saint  Mary's,  a  few  miles  above  the 
iDoiith  of  the  Platte ;  and  several  others  may  be  soon  expected  if  meas- 
ures are  no^  taken  to  prevent  them.    The  effect  of  cut-offs  is  to  greatly 
ixjcrease  bank  erosion  in  the  neighborhood  and  to  impair  the  navigation 
Over  considerable  distances.    It  is  also  desirable  that  a  stable  regimen 
l>e  established  throughout  this  stretch  of  river,  as  any  changes  here 
'^ould  have  a  very  prejudicial  effect  upon  the  works  of  improvement 
i^o'wr  in  progress  at  Omalia,  above,  and  Nebraska  City,  below. 

The  plan  proposed  by  Captain  Handbury,  and  which  is  approved  by 
^tic,  coutemplates  the  protection  of  such  banks  as  are  exposed  to  erosion 
^^nd  a  partial  rectification  of  the  channel,  by  the  use  of  methods  and 
5t.ppliauces  similar  to  those  successfully  used  under  my  direction  at  many 
other  points  along  the  river.    The  estimated  cost  is  as  follows : 

^^or  revetting  180,0(K)  feet  of  shore  line,  at  $2.25  per  foot $405, 0(H) 

Ir^or  ionstTncting20,000feetofbni8li  dike,  at  $1  per  foot 20,000 

^X^dil  for  superintendence,  surveys,  cotingencies,  &.v 75, 000 

Total 500,000 

Of  this  amount  $200,000  could  be  advantageously  expended  in  one 
^^4?a8on,  and  it  is  important,  in  order  to  carry  the  work  to  completion 
-^vith  economy  and  dispatch,  that  the  appropriations  for  the  work  should 
V>c  made  in  liberal  sums. 

1  am,  general,  very  respectfully,  your  oVcdient  servant, 

Chas.  K.  Sutee, 
Brig.  Gen.  H.  G.  Wright,  Major  of  Engineers. 

Chief  of  Engineers,   U,  S.  A. 
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ueport  of  oaptaix  thomas  h.  iiandbury,  corps  of  exgixeers. 

United  States  Engineer  Office. 

Saint  Ijouia,  Afo.y  January  28,  1;^). 

Major  :  In  obedience  to  yonr  verbal  instructions  received  a  few  days  since  I  have 
the  honor  to  submit  the  following  report  upon  the  condition  of  the  Missonri  River 
between  Omaha  and  Plattsmouth,  Nebr.,  together  with  a  plan  and  estimate  of  the 
probable  expense  for  improving  the  navigation  o'f  the  same  between  these  two  point*. 

The  length  of  the  river  following  the  channel  line  included  between  Omaha  and 
Plattsmouth  is  about  29  miles,  with  an  average  slope  of  ^  foot  to  the  mile.  The 
width  of  the  valley  thronghout  this  extent  will  average  about  4  miles.  Its  soil  is  in 
general  a  light  aHuvium  that  has  been  wanhed  down  in  former  years  from  the  upper 
regions.  Through  this  the  river  Hows  with  a  rapid  current  in  constantly  changing 
channels. 

Evidences  everywhere  exist,  not  only  in  this  special  locality  but  thronghout  the 
whole  extent  of  the  Missoun  River  Valley,  that  in  past  ages  the  river  has  with  more 
or  less  periodic  regularity  changed  the  location  of  its  bed  from  one  bluff  to  the  other 
and  then  back  again,  moving,  in  this  change,  the  whole  of  the  enormous  amount  of 
soil  that  lies  l>etween ;  and  this  operation  is  still  going  on,  as  is  manifest  by  the  ero- 
Kions  that  are  taking  place  and  the  constant  disappearance  into  the  waters  of  the 
river  of  acre  after  acre  and  farm  after  farm  of  the  most  productive  land  in  the  world. 

So  long  as  this  region  was  in  a  state  of  nature  it  made  but  Kttle  difference  what 
changes  took  place  or  what  was  the  result  of  the  contest  that  was  going  on  between 
the  natural  forces.  The  river  might  then  travel  back  and  forth  between  the  limits 
of  its  permanent  barriers  as  oft-en  as  it  pleased,  and  move  that  which  was  in  its  c-oarse 
whenever  and  wherever  it  liked,  but  when  civilization  appears  upon  the  scene,  with 
it's  steamboats  and  railroads  and  bridges  and  agricultural  interests  and  habitations 
for  the  comfort  and  convenience  of  man,  then  it  becomes  necessary  to  check  thefle 
erratic  wanderings  and  to  prescribe  some  reasonable  bounds  within  which  it  must  be 
restricte<l. 

A  lar^e  river  like  the  Missouri,  with  a  slope  as  great  a«  that  which  it  has,  and  drain- 
ing, as  it  does,  many  thousand  miles  of  territory,  will  maintain  a  velocity  sufficiently 
great  to  cause  per])etual  erosions  in  the  light  alluvium  through  which  it  flows,  the 
extent  of  which  will  vary  according  to  the  impact  of  the  current,  and  the  more  or 
less  compactness  of  the  soil  f<mning  the  river  banks.     Under  this  action,  where  the 
circumstances  are  favorable,  bends  will  be  formed,  and  not  unfrequently  they  will 
take  the  shape  of  loops,  with  narrow  strips  of  land  separating  two  portions  of  the 
river  that  are  several  miles  apart  when  measured  along  the  channel.     When  thew 
narrow  strips  are  washed  through,  cut-offs  take  place,  which  shorten  the  coarse  of  the 
river,  change  its  slojie,  increase  its  velocit  y,  and  otherwise  disturb  its  regimen  for  many 
miles  both  above  and  below.    Increased  erosion  takes  place,  navigation  is  impaired, 
interests  along  the  banks  are  jeopardized,  a  different  course  is  given  to  the  river,  new 
bends  are  fonned,  and  the  foundation  laid  for  a  repetition  of  the  same  series  of  events 
Jit  some  future  day.    This  action,  in  its  intensified  form,  is  illustrated  in  the  reach  nn- 
der  consideration  perhaps  as  forcibly  as  in  any  other  of  a  like  extent  that  conld  l)e 
K«'lected  throughout  the  whole  course  of  the  river. 

To  be  more  specific,  let  us  look  a  little  into  what  has  taken  place  here  only  within 
the  last  few  years.  After  the  Omaha  cut-off  took  pla<;e  in  1877,  the  regimen  of  the 
river  for  many  miles  both  up  and  down  was  very  much  disturbed. 

This  event  gave  it  a  tendency  to  come  close  to  the  foot  of  the  bluff  along  the  Omahft 
front.     The  light  sand,  of  which  the  bottom  land  here  is  composed,  offered  but  little 
resistance  to  this  tendency ;  but  there  being  large  interests  dependent  upon  its  pre-** 
ervation,  it  became  necessary  to  protect  it  fi*om  the  erosive  action  of  the  river.    The 
Union  Pacific  Railway  Company  expended  large  sums  in  pi-otecting  their  repair  shoitf 
and  other  interests  that  are  located  here,  and  Congress  made  liberal  appropriations, 
which  have  also  been  expended  in  this  locality  in  the  interests  of  navigation.    Had  the 
river  not  be<'n  held  in  check,  there  is  no  doubt  but  by  this  time  the  whole  of  the  bo** 
tom  land  in  front  of  Omaha  below  the  cut-off  would  have  been  washed  away,  together 
with  the  car-shops,  smelting-works,  and  all  other  establishments  that  are  built  upo^ 
it,  to  say  nothing  of  the  injurj'  that  navigation  woujd  have  sustained.     The  safety  ot 
the  bridge,  too,  would  have  been  seriously  compromised.     With  the  river  close  al^^K 
the  foot  of  the  bluff  in  this  vicinity,  its  tendency  would  Ijc  to  leave  it  at  the  we!»t*TTi 
abutment,  if  it  did  not  succeed  in 'washing  it  away,  and,  impinging  against  tli©  JJ** 
posite  bank  below,  would  cause  erosion  to  take  place.     In  this  immediate  vicinity  ^ 
conformation  of  the  ground  is  such  that  this  action  would  soon  bring  about  ^^^*  f!.\ 
and  quite  extensive  cut-off.     Even  now,  with  the  work  of  improvement  in  succe^^' 
operation  above  the  bridge,  there  is  a  decided  tendency  in  this  direction.  ^. 

By  consulting  the  accompanying  map  the  situation  below  the  bridge  can  be  *^^*igii 
a  glance.  In  the  bend  at  Council  Bluffs  lower  landing  extensive  erosion  hastf**'  |^ 
plnco,  and  the  river  betl  has  bcon  widened  to  such  an  extent  that  it  is  difficult 
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times  to  fiud  a  navigable  channel.  The  neck  of  the  pcninsnla  opponite  tliis  bend,  it 
will  be  observed,  is  very  narrow,  with  the  channel  line  close  np  to  the  bank  upon 
either  side.  EroAious  are  taking  place  here  at  a  rapid  rate,  which,  if  not  checked^ 
will  soon  result  in  a  cut-off.  In  Saint  Mary^s  Bend,  the  next  below,  one  of  these  ha» 
recently  taken  place.  The  results  are  anything  but  favorable  either  to  navigation  or 
to  the  interests  centered  along  the  river  banks  and  upon  its  bottom  lands.  The  old 
town  of  Saint  Mary,  that  was  once  upon  the  mainland,  in  the  State  of  Nebraska,  is 
now  an  abandoned  s\te  upon  an  island  and  constructively  in  the  State  of  Iowa.  The 
river  is  yet  in  a  very  unsettled  condition.  Erosions  are  taking  place  upon  all  sides 
and  many  acres  of  the  finest  land  are  daily  being  washed  away.  Just  below  the  lower 
end  of  this  cut-oif  the  current  impinges  violently  against  the  Nebraska  shore,  with  a 
fair  prospect  of  cutting  a  way  for  itself  into  the  btMi  of  the  Platte.*  Should  this  be 
effected  tne  situation  would  be  complicated  in  the  extreme. 

At  the  town  of  Plattsmouth,  where  a  railroad  bridge  is  now  in  process  of  construc- 
tion, the  available  water-way  has  been  contracted  by  means  of  dikes  to  within  a  width 
of  1,000  feet.  Any  disturbance  of  the  position  of  the  channel  in  this  vicinity  is  liable 
to  resolt  in  washing  these  dikes  away,  an  event  that  would  be  very  disastrous  to  the 
bridge,  sls  its  eastern  piers,  I  am  informed,  do  not  extend  down  to  the  solid  rock  foumla- 
tion.  To  satisfy  all  the  conditions  that  demand  attention  in  this  locality  will  be  the 
most  difficult  part  of  our  problem  to  sol  vie. 

This,  then,  in  a  few  words,  is  the  general  condition  of  the  river  to-day  between 
Omaha  and  Plattsmouth:  a  swift-flowing  stream,  with  eroding  banks  and  constantly 
changing  channels,  carrying  downward  m  its  course,  either  in  suspension  or  rolling 
along  Oh  bottom,  thousands  of  tons  of  sand  and  soil. 

lu  the  lakes,  swamps,  and  lowlands  to  be  found  almost  everywhere  throughout  the 
whole  extent  of  the  valley,  we  have  unmistakable  evidence  that  tie  the  river  is  to-day 
so  it  has  been  for  ages  past,  its  peregrinations  limited  only  by  the  blui&  that  bound 
the  valley  in  which  it  runs.  Unless  restricted  in  some  way,  it  is  only  a  matter  of 
time  when  the  mortgage  that  the  river  is  said  to  have  upon  every  iwrtion  of  its  bot- 
tom land  will  be  foreclosed. 

Under  the  new  dispensation  that  is  hereafter  to  have  the  governing  influence  upon 
the  valley,  there  are  certain  modifications  necessary'  to  be  made  in  tne  old  condition 
of  aflairs  to  suit  them  to  the  new  interests  that  have  arisen. 

In  the  interests  of  navigation,  channels  must  l>e  provided  having  the  requisite  depth 
of  water  for  such  boata  as  are  found  most  economical  for  the  transportation  of  the 
freight  that  is  to  be  moved  by  water.  In  the  interests  of  agriculture  and  of  those 
Ip-eat  railway  lines  that  run  along  the  river  banks,  and  are  such  an  essential  feature 
m  transporting  the  products  of  the  soil,  and  communicating  between  the  different 
parts  of  the  country,  the  erosions  must  be  stopped  and  the  width  of  the  river  bed  re- 
atrict«d  to  such  limits  as  will  sufiice  for  its  needs  and  no  more. 

That  these  results  can  be  obtained  within  reasonable  limits  of  expense  we  have 
every  reason  to  believe,  judging  from  the  experience  already  gained  in  improving 
those  limited  x>ortion8  of  the  river  for  which  Congress  has  already  made  appropria- 
tions. 

Sin€»  the  principal  source  of  all  these  evils  that  we  are  seeking  to  remedy  lies  in 
the  fact  that  the  velocity  of  the  current  is  too  great  for  the  tenacity  of  the  soil  com- 
IKjsing  the  banks  to  withstand,  it  is  evident  that  all  our  efforts  should  be  direct<)d  to 
diminishing  this  velocity  and  protecting  the  yielding  banks. 

To  diminish  the  slope,  the  course  of  tlie  river  should  be  lengthened  wherever  prac- 
ticable, and  cut  oflfs  should  be  prevented  by  ever>'  possible  meails  in  our  power. 

The  most  destructive  erosions  take  place  during  the  falling  stages  of  the  water. 
The  foot  of  the  bank  is  first  attacked,  and  when  the  material,  usually  sand,  is  washed 
away,  the  upi)er  portion,  being  unsupported,  tumbles  into  the  water.  This  eroded 
niatenal  is  carried  down  either  in  suspension  or  rolled  along  the  l»ed  of  the  river.  As 
the  current  from  time  to  time  is  checked  either  by  a  diminution  of  the  slope  or  by 
meeting  some  obstacle  iu  its  course,  the  material  in  trawniu  is  deposited  and  for  a  time 
at  least  brought  to  rest. 

These  depositions^  iu  their  turn,  change  the  course  of  the  river,  and  cause  its  cur- 
rent to  impinge  against  the  bank  iu  some  new  locality  farther  down.  Thus  the  o^kt- 
ations  go  on  ouEty  after  day  and  year  after  year. 

To  effect  the  desired  improvement,  what  is  needed  is  a  judicious  combination  of  two 
kinds  of  works — one  t-o  cause  depositions  and  deflections  in  desired  localities,  an<l  the 
other  to  receive  the  impact  of  the  current  where  it  impinges  with  destructive  eftect 
against  the  bank,  and  to  check  the  erosion  where  it  is  desirable  to  do  so.  By  these 
means  it  is  possible  in  time  to  lead  the  river,  as  it  were,  through  this  bottom  land, 
and  hold  it  in  any  reasonable  position  that  we  may  select;  but  in  attempting  this  we 
Hhould  l>ear  in  mind  that  there  are  certain  fundamental  hyili'aulic  principlcK  that  wo 
must  not  transgress. 

On  the  accompanying  map,  which  is  a  reduce^l  copy  from  the  advanceil  sheets  of  the 
Miiksouri  River  survty  now  being  made  under  your  direction,  by  your  assistant,  D,  \V. 
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Wclhnaii,  I  have  endeavored  to  trace  out  a  course  tliat  I  tbiuk  it  possible  to  cans* 
river  to  take,  and  practicable  to  retain  it  at  an  expense  commensurate  with  the 
portance  of  tbe  interests  involved,  and  which  will  be  a  satisfactory  solution  of 
problem  under  consideration. 

In  layinff  down  these  lines  I  have  assumed  that  a  width  of  from  1,500  to  2,000  feet 
be  about  the  proper  limits  within  which  to  keep  the  waters  of  the  river  in  ordi 
insure  a  navigable  depth  during  the  low  st^ages  and  a  sufficient  water-way  duriu^ 
high.  The  directions  are  those  that  I  think  can  be  attained  and  retained  withii 
most  reasonable  limits  of  expense. 

For  causing  deposits  to  take  place,  and  for  deflecting  the  current  in,'  these  local 
that  are  to  ue  built  out,  I  would  recommend  the  use  of  floating  brush  obstrac 
such  as  have  been  applied  with  such  niarked  success  at  the  various  places  aloni 
river  where  works  of  improvement  are  in  progress  under  your  direction.     The 
successful  of  these  may  be  briefly  described. 

The  floating  brush  dike  is  made  by  taking  saplings  from  20  to  30  feet  long  and 
4  to  6  or  8  inches  in  diameter,  and  nailing  or  fastening  to  them  with  wire  scr: 
brush  of  any  kind  that  may  be  obtainable  in  the  locality.  This  forma  what  is  ki 
as  the  *'weed."  Instead  of  the  saplings  rope  may  be  used  to  which  to  faster 
brush.  To  one  end  of  this  "  weed"  is  attached  an  anchor  of  sufficient  weight  to 
it  in  position  against  the  current ;  to  the  other  a  buoy  that  holds  up  the  downst 
end  and  prevents  it  from  going  to  the  bottom  under  the  pressure  of  the  cu 
against  it. 

These  "weeds"  are  placed  in  the  river  in  the  desired  locality  at  a  distance  of 
10  to  20  feet  apart,  thus  forming  the  floating  dike. 

Their  action  is  to  check  the  current  gradually  without  producing  that  scoi 
effect  to  which  the  solid  dike  gives  rise.  This  done,  a  portion  of  the  material  th 
rolling  along  the  bottom  or  being  carried  down  in  suspension  is  deposited  and  ct 
a  rise  in  the  bed  of  the  tiver  which  changes  its  channel  into  the  direction  defi 
The  rapidity  with  which  these  deposits  take  place  is  tnily  wonderful.  One  seas 
often  sufficient  to  raise  the  river-bed  up  to  the  limits  of  ordinary  high-water. 

Another  form  of  obstruction  that  has  been  tried  with  success  is  the  willow  cur 
This,  as  its  name  indicates,  is  made  of  willows  about  an  inch  in  diameter  or  la 
fiistened  })arallel  with  each  other  and  from  6  to  8  inches  apart,  by  means  of  wire, 
curtain  can  be  made  of  any  desired  length  and  width.  They  are  anchored  in  pos 
by  weights  attached  at  intervals  along  the  lower  edge  and  lield  in  an  upright  c 
ciined  position  in  the  water  by  floats  made  fast  to  the  upper.  Their  action  is  sij 
to  that  of  the  weeds. 

Another  form  that  has  been  experimented  with  and  which  bids  fair  to  give 
results,  is  a  screen  made  totally  of  wire  something  after  the  fashion  of  a  seine, 
anchored  and  buoyetl  like  the  willow  curtain.    The  rootlets  and  small  vegetable  1 
that  are  floating  in  large  quantities  in  the  water  accumulate  upon  the  wires,  and 
obstructions  sufficient  to  check  the  velocity  of  the  current. 

Still  other  forms  have  been  tried  with  more  or  less  success. 

For  resisting  the  impact  of  the  current  and  preventing  the  erosion  of  the  ban 
variety  of  devices  have  been  tried  with  more  or  less  success.  Among  the  most 
isfactory  of  these  may  be  mentioned  the  woven  bnish  revetment,  the  continuous 
or  brush-blanket,  made  of  brush,  sewed  together  with  wire,  and  the  willow  sc 
made  as  above  described,  for  the  willow  curtain,  excepting  that  the  willows,  inj 
of  being  placed  some  inches  apart,  are  as  nearly  as  possible  in  juxtaposition, 
manner  of  using  either  of  these  devicos  is  the  same.  The  bank  to  be  protected  si 
fli*st  be  graded  to  a  slope  of  about  2  upon  3  or  less,  an  ojieration  that  can  be 
cheaply  performe<l  by  the  use  of  hydraulic  force-pumps, 'after  which  the  reve 
should  be  put  on  so  as  to  extend  from  the  ordinary  high -water  limit  down  the 
and  out  along  the  river-bed  sufficiently  far  to  protect  the  slope  should  any  uu' 
scour  take  place.  The  total  width  is  usually  in  the  neighborhood  of  100  feet.  To 
that  portion  which  is  under  the  water,  a  small  fjuantity  of  rock  is  sometimes  nece« 
but  usually  the  current  itself  and  the  sediment  that  collects  on  the  brush  will  s 
for  this. 

The  effect  of  this  revetment  is  to  thoroughly  protect  the  bank  over  which  it  is  pi 
and  to  cause  a  deposit  of  sediment  over  it«elf  that  crowds  the  current  away  froi 
bank  towards  the  middle  of  the  stream. 

In  proportion  to  the  results  obtained,  these  are  certaiply  the  cheapest  devic* 
improving  rivers  of  a  sediment-bearing  character  that  have  as  yet  been  tried. 

For  the  revetment  of  the  banks  I  estimate  that  $2.25  per  foot  of  shore  line,  or  f 
^12,000  per  mile,  will  be  sufficient,  and  for  the  dikes  $1  per  running  foot. 

As  nearly  as  can  be  estimated  at  present,  there  will  be  between  the  Union  Pacific 
road  bridge  at  Omaha  and  the  bridge  at  Plattsmouth,  approximately,  180,000  feet  of 
line  to  be  revetted,  and  20,000  feet  of  floating  brush-dike  or  curtains  to  be  made.  ' 
n umbel's  cannot  be  given  with  accuracy,  because  of  the  changes  that  arc  const 
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REPORT  or   MR.    S.VMUKL   II.   YON'GE,   ASSISTANT  ENGINEER. 

Saint  Louis,  Mo.,  February  21,  li^. 

Major  :  I  have  the  honor  to  Hubmit*  the  following  report  of  operations  conducted 
during  the  present  fiscal  year  on  the  work  of  improvement  of  the  Missouri  Rirer  at 
Sioux  City,  Iowa. 

During* the  month  of  July,  1879,  the  river  continued  to  encroach  on  the  NebnMka 
shore,  from  the  point  above  fcovington,  for  a  distance  down  stream  of  about  3,800  feet. 
The  greatest  erosion  amouutedi  to  200  feet,  and  was  situated  about  2,300  feet  below  the 
point.  At  the  point  and  for  a  distance  below  of  about  300  feet,  where  the  continuoiLs 
mat  revetment  bad  been  constructed  the  mouth  of  May  previous,  tho  bank  was  suc- 
cessfully held,  although  the  work  had  been  built  during  a  high-water  stage,  and  in 
consequence  the  sloped  face  of  tho  bank  was  too  short  to  afford  a  i>erfectly  Hecure  an- 
chorage for  the  shore  edge  of  the  mat. 

After  the  water  had  receded  an  inspection  of  the  portion  of  the  mat  on  the  bank 
showed  that  it  was  well  filled  with  silt.  This  deposit  lay  principally  in  the  lower 
meshes  of  the  mat,  and  was  from  one- third  to  one-half  of  the  mat's  thickness.  The 
upper  layers  of  meshes  were  generally  clean  of  silt,  though  in  places  the  mat  wa» 
entirely  filled.  Sounding  with  a  rod  proved  that  a  similar  state  of  affairs  existed  be- 
low low-water,  whei-e  the  top  of  the  deposit  was  situated,  as  near  as  could  be  meas- 
ured, 6  inches  below  the  upper  surface  of  the  mat.  No  scour  a^tpeared  to  have  occurred 
underneath  the  mat,  its  pliability  probably  counteracting  this  action  by  immediately 
filling  any  voids. 

From  these  data  it  might  be  inferred  that  under  similar  circumstauces  the  minimum 
thickness  of  revetment  built  on  this  system  for  low- water  protection  is  6  inches,  and 
for  bank  protection  3^  inches,  as  at  these  depths  beneath  the  top  surface  of  the  mat 
the  flow  of  water  was  sufiicieutly  retarded  to  cause  the  silt  with  which  it  was  charged 
to  be  precipitated. 

The  bottom  velocities  in  the  vicinity  of  the  work,  as  near  as  could  be  obtained,  were 
from  5  to  8  feet  per  second.  It  is  possible  that  this  form  of  matting,  3  inches  in  tliiek- 
ness,  would  serve  as  a  protection  against  currents  of  high  velocity,  but  the  margin  of 
safety,  if  any,  would  be  very  small,  and  it  could  not  be  expecte<l  that  the  thinner  mat 
would  accumulate  silt  in  its  lower  meshes  and  become  so  firmly  imbedded  as  a  mat  of 
greater  thickness. 

An  important  precaution  to  be  taken  in  constructing  on  this  system  is  that  of  giv- 
ing the  mat  sufficient  strength  by  a  proper  thicknces  to  prevent  its  pulling  apart,  and 
to  withstand  the  strains  produced  by  strong  currents  while  lying  in  the  water  before 
sinking,  the  process  of  weighting  it  with  rock  and  the  actiou  of  whirls.  Present  cir- 
cumstances indicate  that  a  thickness  of  12  inches  is  sufficient  for  a  mat  extending  50 
feet  from  shore;  this  thickness  is  equivalent  to  six-tenths  of  a  foot,  solid  measure. 

For. a  distance  of  6  feet  above  low-water  line  the  mat  should  be  at  least  12  inches 
thick,  so  as  to  bi-eak  the  force  of  the  waves  raised  by  high  winds  and  passing  steam- 
boats, which  would  cause  the  toe  of  the  bauk  to  slough  out  and  eventually  destroy 
its  outline. 

On  account  of  the  erosion  along  the  Nebraska  shore,  before  alluded  to,  a  correspond- 
ing shoaling  appeared  imminent  along  the  Iowa  shore  in  front  of  Sioux  City;  owing 
to  the  continued  stage  of  high- water,  however,  measures  could  not  be  taken  to  prevent 
this  action  until  July  22,  when  a  floating  weed  dike  was  begun  at  Nebraska  Point. 
Though  the  efficacy  of  the  dike  was  under  the  circumstances  to  a  certain  extent  a  mat- 
ter of  conjecture,  the  case  was  one  that  warranted  the  emplo^^ment  of  even  doubtful 
measures.  For  a  distance  of  2,000  feet  above  where  the  dike  was  located,  the  channel 
followed  the  shore  of  the  Willow  Island,  which  consists  of  a  tough  blue  clay,  and 
impinged  with  great  force  on  tlie  revetment  at  the  point,  which  gave  it  a  tendency  to 
cross  tlie  Iowa  sliore. 

The  greatest  dejith  of  water  on  the  section  of  the  projected  dike  was  16^  feet,  at 
about  50  feet  from  shore;  this  dei»th  gradually  decreased  to  14  feet,  at  about  500  feet 
out. 

The  surface  velocity  varied  from  8  to  10  feet  per  second  during  the  construction  of 
the  dike.  The  weeds  were  made  by  attaching  bunches  of  dogwood  brush  at  interval> 
of  from  2  to  6  feet,  on  a  three-fourths- inch  line,  from  45  to  60  feet  in  length;  the  buovs 
consisted  of  coal-oil  barrels. 

Seme  trials  were  made  with  cottonwood  boxes  filled  with  broken  rock  as^  anchors. 
The  boxes  were  at  first  made  to  contain  1,400  pounds  of  loose  rock;  this  weight  prov- 
ing inadequate  for  the  purpose,  the  size  of  the  box  was  increased  so  as  to  have  a 
capacity  Df  3,500  pounds;  this  size  was  also  found  insufficient  to  hold  the  weeds  to  au 
anchorage,  and  the  arrangement  was  abandeued.  Anchors  were  also  made  by  bend- 
ing flatwise  a  piece  of  bar  iron  4  by  ^  inches  into  a  circular  shape,  4  feet  in  diameter,  a 
few  sacks  filled  with  broken  rock  were  attached  around  the  band  to  cause  it  to  burv  in 
the  sandy  bottom  more  i^pidly.  The  results  with  this  form  of  anchor  were  not  satis- 
I'nctory.    This  was  probably  due  to  the  insufficient  width  of  the  ir«3'»  vs"«l .  and  no  wider 
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roil  was  at  the  tinio  obtuinuble.  8acks  filled  with  rock  were  finally  used  altogether; 
he  number  aud  sizes  attached  to  a  siDgJe  weed  varied  from  20  3-biishel  to  24  4-bu.shel 
acks. 

The  weeds  were  placed  in  position  from  a  flatboat  14  by  40  feet,  swung  ft-om  au 
nchor  placed  al)out  200  feet  up  stream;  they  were  spaced  not  less  than  10  feet  apart. 

A  great  many  weeds  without  buoys  were  distributed  over  the  bed  of  the  river  in 
be  line  of  the  dike  aud  above  it,  to  prevent  scour  and  hasten  a  deposit. 

After  the  dike  had  been  carried  out  a  distance  of  300  feet  from  shore,  it  was  found 
hat  owing  to  the  difficulties  of  construction  its  cost  was  greatly  exceeding  the  esti- 
aate ;  and  further  work  on  it  was  discontinued,  with  3'our  apjiroval,  on  August  15.  Its 
osr  was  $3  per  linear  foot.  ^ 

The  effect  of  the  dike  was  noticeable  in  distributing  the  current*  and  thereby  lessen- 
ug  their  force  along  the  Nebraska  shore  for  a  distance  of  600  feet  below. 

About  the  middle  of  September  an  accretion  from  6  to  10  feet  thick,  extending  45 
ect  from  shore  and  200  feet  in  length,  rapidly  formed  above  and  below  the  dike. 

As  there  was  every  probability  of  a  further  encroachment  occurring  on  the  bank 
ibove  Covington,  in  subsequent  floods,  the  plan  laid  down  for  the  season's  work  was 
hanged,  and  the  part  of  the  project  which  embraced  the  revetment  of  the  Nebraska 
hore  wat)  undertaken  on  account  of  being  the  most  urgent. 

This  work  was  begun  on  the  26th  of  August,  and  was  completed  September  22.  It 
consisted  in  building  a  continuous  woven  mattress  2,000  feet  in  length  with  an  average 
jvidth  of  69  feet.  The  thickness  of  the  mat  below  the  water  line  was  12  inches;  on  the 
L>auk,  6  inches. 

In  weaving  and  lannching  the  mat,  the  same  boat  and  frame  were  used  that  had 
been  bailt  for  this  purpose  the  previous  summer,  a  drawing  of  which  accompanies 
this  report.  The  up-stream  end  of  the  mat  overlapped  the  revetment  at  tlie  Point  50 
feet. 

The  bank  to  be  protected  consisted  of  layers  of  very  fine  sand,  .lud  caved  rapidly 
when  exposed  to  cuiTents  of  ordinary  velocity. 

The  elevation  of  the  top  of  the  bank  was  20  feet  above  low  water,  with  an  almost 
vertical  face.  The  bed  of  the  river  sloped  from  the  foot  of  the  bank  with  an  inclina- 
tion of  3  horizontal  to  1  vertical  for  a  distance  of  40  or  50  feet  from  shore,  where  the 
water  attained  its  greatest  depth. 

Between  the  elevations  of  ordinary  high  and  low  water,  the  bank  sloped  to  an  angle 
of  29^.  The  mat  extended  from  the  top  of  the  slope  to  a  distance  of  40  feet  out  from 
the  water  line.  In  building  the  mat  the  workmen  were  placed  8  or  9  feet  apart  in  a 
lino  at  right  angles  to  the  direotion  of  the  bank,  and  were  kept  supplied  with  brush 
by  laborers  hired  at  a  lower  rate  of  pay.  The  bundles  of  bru^  w^ere  laid  on  wooden 
horses  placed  on  the  mat ;  this  was  found  to  be  advantageous,  as  the  brush  was  han- 
dled with  greater  rapidity  if  kept  dry.  The  brush  used  was  of  uniformly  good  qual- 
ity ;  it  consisted  of  green  willows  from  10  to  20  feet  in  length,  sorted  and  tied  up  in 
bundles  about  10  inches  in  diameter ;  it  was  delivered  on  the  river  bank  at  the  work 
for  $1.60  per  cord. 

During  the  progress  of  the  work  large  tree  stumps  were  frequently  found  beneath 
the  water  surface  near  the  bank.  Some  of  these  stumps  could  not  be  removed  without 
delay  to  the  work  and  considerable  expense,  and  it  was  not  deemed  desirable  to  build 
over  them  in  cases  where  thej-  were  standing  upright.  To  overcome  this  difficulty 
an  openuig  of  proper  size  was  left  in  the  mat  in  each  case,  so  that  when  it  was 
»unk  the  stumps  w^ould  not  form  an  obstruction  to  its  lying  evenly  on  the  bottom. 
The  edges  of  these  openings  were  selvaged  to  prevent  raveling.  The  outer  edge  of 
the  entire  mat  was  also  secured  by  turning  in  the  brush  and  making  a  heavy  selvage. 
The  greatest  care  is  necessary  with  this  part  of  the  mat;  if  imperfectly  done  the  work 
is  liable  to  ravel  and  pull  apart.  At  the  lower  end  of  the  work,  for  a  length  of  70 
feet,  where  there  was  some  danger  to  be  apprehended  from  the  effect  of  eddies,  during 
high- water  stages,  the  whole  height  of  the  bank  wa«  sloped  and  the  matting  carried 
back  over  the  top.  After  the  revetment  was  completed,  the  upper  part  of  the  bank 
which  had  not  been  sloped  was  thrown  down  on  the  matting  above  the  water  line, 
with  the  principal  object  in  view  of  causing  the  willows  to  grow,  although  the  brush 
was  not  cut  at  the  most  favorable  season  for  this  purpose. 

The  sinking  of  the  mat  was  accomplished  by  distributing  rock  from  a  flatboat, 
which  was  grajiually  dropped  down  stream,  broadside  over  the  mat  as  it  sunk.  One 
cubic  yard  of  broken  rock  was  used  to  sink  1,150  square  feet  of  mat.  The  rock  used 
for  sinking  was  a  limestone  of  light  density;  it  was  towed  in  flatboats  from  Sioux 
City,  where  it  was  delivered  on  the  river  bank  at  $2  per  cubic  yard. 

About  300  linear  feet  of  mat,  equivalent  to  three  days'  work,  was  usually  sunk  at  one 
time.  The  distance  between  the  jjoat  and  the  sunken  portion  of  the  mat  was  never 
allowed  to  be  less  than  BO  feet. 

An  average  day's  work  for  a  gaug  of  six  expert  workmen  and  nine  ordinary  labor- 
ers was  6,600  square  feet  of  mat,  in  the  construction  oi  which  32  cords  of  brush  were 
used. 
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As  reganls  the  permanency  of  revetments  coostnicted  on  this  system,  I  am  of  the 
opinion  that  if  the  work  in  the  first  instance  is  done  in  a  thorough  manner,  and  repairs 
are  made  when  needed,  their  usefulness  can  he  perpetuated  indefinitely,  as  the  mate- 
rial used  will  not  deteriorate  helow  extreme  low-water  stage,  and  the  upper-hank  pro- 
tection can  at  any  time  be  renewed  and  connected  with  the  submerged  portion. 

The  following  is  a  detailed  statement  of  the  cost  of  the  revetment  per  linear  f«wt, 
built  on  (he  Nebraska  shore  above  Covington: 

STATEMENT. 

CVnlii. 

Brush.  30.75  cubic  fe«^t,  per  linear  foot,  at^$l,60  per  cord i').94 

Broken  rock,  l.CJ  cubic  feet,  per  linear  foot,  at  ^  per  cubic  yard ll.*3 

Cost  of  material  per  linear  foot r»7.T9 

Grubbing  and  deigning 0106 

Sloping  bank 1000 

Covering  bank  mat  with  earth 0470 

Weaving  mat 2561 

Sinking  mat 0050    ' 

Handling  and  transporting  stone 0371 

Measuring  and  inspecting  material 0168 

Repairs  to  boats  and  incidentals : 0:560 

Superintendence 0750 

Cost  of  labor  per  linear  foot 5t^.3<) 

Total  cost  per  linear  foot $1  16.15 

I  am,  major,  very  respectfully,  your  obedient  servant, 

Samuel  H.  Yoxce, 

Maj.  Charles  R.  Siter, 

Corpft  of  KiKjimerHj  C.  S.  .1. 


ADDENDA. 

Saint  Louis,  Mo.,  July  *22,  l-'-O. 

Major:  An  inspection  of  the  mat  work  cons^^ructed  at  Sioux  City  last  fall  showed 
that,  though  it  had  settled  in  places,  it  had  uow4iere  pulled  apart  throughout  its  length 
of  2. 000  feet. 

About  1,000  linear  feet  of  bank,  of  the  2,300  feet  protected,  washed  out  during  the 
high  water  of  June;  this  caving  does  not  extend  back  at  any  point  a  greater  distance 
than  20  feet. 

I  am  informed  that  a  great  deal  of  the  bank  washing  under  the  revetment  was 
brought  about  by  the  action  of  the  waves  of  the  storm  during  the  early  part  of  June. 
I  am  led  to  believe  that  this  caving  consisted  of  a  sloughing  out  of  the  fine  sand  com- 
posing the  bank  through  and  under  the  mat,  after  being  saturated. 

The  channel  continues  to  follow  closely  the  Nebraska  shore  above  Covington,  an«l 
considerable  caviiig  has  occurred  below  the  lower  end  of  the  work  during  the  April 
and  June  floods.  This  caving  still  continues,  and  is  greatly  increased  by  the  high 
winds  common  to  this  locality. 

Very  respectfully,  your  obedient  servant, 

Sam'l  H.  Yonge, 
jMHutant  Kngmtr. 
Maj.  Chas.  R.  Sut*:r, 

Corps  of  EnyineerHj  V.  .*?.  ./. 


Q  i6. 

IMPROVEMENT  OF  THE  MISSOl'KI  RIVER  AT  VERMILLION,  DAKOr*  ^' 

As  stated  in  my  last  report,  tlie  Avorks  projected  at  this  pla<^^l.,^.  « 
designed  to  secure  the  bank  of  the  river  in  the  vicinity  of  Vermil^^^^^^' 
and  bv  rertain  rectifications  in  tlie  channel,  to  secure  a  stable  regir:^^^ 
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IJearly  all  the  small  appropriation  was  expended  at  the  date  of  my 
last  report,  and  only  some  trifling  repairs  have  been  executed  since  then. 
The  destruction  of  the  floating  dikes  by  some  unknown  parties  allowed 
tlie  river  to  return  to  the  channel  in  front  of  the  town,  and  the  revet- 
ment was  violently  attacked  during  the  spring  rise.  Some  damage  was 
done,  but  it  was  quickly  repaired,  and  the  work  has  since  stood  well. 

Por  details,  I  beg  to  refer  to  the  accompanying  report  of  Assistant 
8.  H.  Yonge,  who  had  charge  of  the  work. 

The  present  apx)ropriation  will  be  expended  in  the  prosecution  of  the 
plan  adopted,  more  especially  in  endeavoring  to  avert  the  cut-oif  threat- 
ened above  the  town,  and  in  renewing  the  .attempt  to  divert  the  channel 
^f  the  river  to  the  east  side  of  Vermillion  Island. 

I  must  again  call  attention  to  the  fact  that  the  appropriation  is  en- 
'ely  incommensurate  with  the  amount  of  work  required  and  already 
^^timated  for. 

Unless  these  appropriations  are  increased  in  amount,  the  ultimate 
^^8t  will  greatly  exceed  the  amount  of  the  ftrst  estimate,  which  is  nec- 
essarily based  on  the  supposition  of  continuous  work  being  possible. 

The  work  is  situated  iu  the  collection  district  of  New  Orleans,  and  the  nearest  i)ort 
of  delivery  is  Omaha,  Nebr. 

The  nearest  fort  is  at  Leavenworth,  Kans. 

Amount  of  revenue  coUecte<l  in  Omaha,  Nebr.,  during  fiscal  year  ending  June  30, 
1880,  was  $3,*>05.21. 

Money  statement 

July  1,  1879,  amount  available $1,256  35 

.Amount  appropriated  by  act  approved  June  14,  1880 10, 000  00 

$11,256  35 

July  1,  1880,  amount  expended  during  fiscal  year 1, 254  20 

July  1,  1880,  amount  available ' 10,002  15 

Amonnt  (estimated)  required  for  completion  of  existing  project 60, 000  00 

JUnoiint  that  can  be  profitably  expended  in  fiscal  year  ending  June  30, 1882 . .     60, 000  00 


REPORT  OF   MR.   SAMUEL  H.    YONGE,   ASSISTANT  ENGINEER. 

Saint  Louis,  Mo.,  July  7,  1880. 

Major:  I  herewith  submit  my  report  of  operations  conducted  at  Vermillion,  Dak., 
during  the  fiscal  year  ending  June  30,  1880. 

After  the  destruction  of  tne  dike,  situated  2  miles  above  Vermillion,  the  accretions 
which  had  accuniulated  around  it  rapidly  disappeared.  This  allowed  the  river  to  re- 
turn to  the  Western  Chute  and  a  further  silting  up  of  the  Eastern  Chute  to  occur. 
During  the  high-water  in  Julv  I  estimated  that  at  least  nine-tenths  of  the  discharge  of 
the  river  passed  through  the  former  chute.  At  the  town  th^  current  impinged  against 
the  revetment  at  an  angle  of  about  45*^,  and  on  the  night  of  July  5,  1879,  a  section  of 
matting  70  feet  long,  situated  400  feet  below  the  head  of  the  work,  failed  by  tearing 
apart  at  the  foot  of  the  slope  and  by  pulling  out  from  the  bank.  Tnis  breach  left  the 
adjacent  jwrtions  of  the  work  exposed  to  the  action  of  the  currents,  which  began  to 
undermine  the  bank. 

The  necessary  repairs  were  immediately  begun,  and  about  150  feet  of  the  mat  under 
which  the  bank  had  been  undermined  was  tied  up  with  ropes  to  trees  and  posts.  A 
new  layer  of  matting  was  begun  20  feet  back  on  the  bank  and  carried  over  and  woven 
into  the  old  mat. 

During  the  remainder  of  the  high-water  the  mat  served  as  a  very  efficient  protection. 
The  accompanying  cross-section  sketch  shows  the  shape  of  the  bank  where  the  break 
in  the  revetment  occurred. 

At  the  time  the  mat  was  constructed  the  top  of  the  bank  was  from  3  to  8  feet  above 
the  surface  of  the  water,  and  in  consequence  the  slope  did  not  have  sufficient  surface 
to  give  a  very  strong  anchorage  to  the  weaving  ;  th  it  part  of  the  mat  above  water, 
therefore,  was  heavily  weighted  with  stone.  As  this  mat  was  constructed  without 
the  use  of  a  boat,  it  was  necessary  to  weave  so  that  the  outer  edge  would  remain  above 

92  E 
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water,  as  it  was  carried  out  from  the  shore,  to  give  the  workmen  a  place  to  stand;  for 
this  reason  the  outer  edge  of  the  mat,  when  finished  and  sunk,  raised  above  the  bottom, 
as  is  shown  in  the  sketch. 

Owing  to  the  steep  angle  which  the  mat  assumed  when  sunk,  a  large  quantity  of  the 
stone  ballast  which  had  been  distributed  over  the  mat  rolled  and  accumulated  m  the 
pocket  made  by  the  rising  of  the  outer  edge. 

It  is  probable  that  in  swift  currents  this  out«r  edge  would  have  the  see-saw  motion 

Seculiar  to  sawyers  in  the  river,  which,  if  continued  for  a  few  days,  would  have  a  ten- 
ancy to  cause  the  mat  to  ravel  and  pull  apart. 

By  the  method  adopted  subsequently  at  Sioux  City,  where  a  boat  with  inclined 
launchways  was  used,  all  parts  of  the  mat  as  launched  were  equally  submerged,  and 
the  work  was  carried  down  stream  instead  of  across  the  current.  This  was  found  to 
give  a  far  stronger  construction  than  the  old  method,  owing  to  the  fact  that  the  bmih 
could  be  stuck  into  the  mat  at  a  lower  angle,  so  that  each  piece  of  brush  was  woren 
in  with  a  great  number  of  other  pieces.  After  t^e  completion  of  the  repairs,  befon 
referred  to  in  this  report,  all  operations  at  Vermillion  were  suspended. 

During  the  low  stage  of  water  last  spring  the  citizens  of  Vermillion  made  some  Tory 
substantial  repairs  to  the  revetment,  and  I  am  of  the  opinion  that  the  town  is  com- 
paratively safe  for  several  high- water  seasons. 

Heavy  cutting  has  taken  place  on  the  down-stream  side  of  the  neck  of  land  soatbeait 
of  Vermillion,  and  a  slight  cutting  on  the  upper  side  of  the  same  neck  during  the  last 
June  flood.  The  danger  of  a  cut-off  through  this  neck  is  somewhat  increajs^  on  ao- 
count  of  the  river  bank  on  the  upper  side  of  the  neck  being  only  slightly  eleyated 
above  ordinary  high-water  stage,  and  the  surface  of  the  ground  across  the  neck  inclin- 
ing toward  the  down-stream  bank.  This  danger  would  be  lessened  by  the  constrae- 
tion  of  a  low  levee,  about  1  mile  in  length,  along  the  river  bank  in  North  Bend. 
I  have  the  honor  to  be,  very  respectfully,  your  obedient  ser\^ant, 

Samuel  H.  Yonge, 

AsHatant  Engineer. 
Maj.  Charles  R.  Sl^er, 

Corps  of  Engineers^  U.  8,  A. 


IMPROVEMENTS  ON  THE  MISSOURI  RIVER. 

In  my  last  report  I  made  a  brief  statement  of  the  principles  upon 
which  these  improvements  are  based,  and  of  the  general  conclusions  to 
which  I  had  then  arrived.  The  practical  experience  of  another  year  has 
fully  confiimed  these  conclusions,  while  much  valuable  information  has 
been  collected. 

Experiments  have  been  carried  out  on  the  various  plans  and  devicei 
suggested,  and  have  resulted  in  a  notable  saving  in  cost  and  increase  oi 
efficiency.    It  has  been  definitely  settled  that  continuity  in  mattress  woA 
is  essential,  and  that  when  this  condition  is  fulfilled  a  very  simple  »^^ 
to  all  appearances  very  slight  protection  is  amply  sufficient.    Varic>^ 
forms  of  continuous  mattresses  were  tried,  most  of  them  some  variat^^^ 
of  the  woven  type.    They  are  all  described  in  the  reports  of  the  assi-*^ 
ants  who  used  tbem.  , 

Towards  the  close  of  the  season  experiments  were  being  made  on  ^  ^^ 
simpler  types,  one  of  which  is  described  in  the  report  on  Glasgow,  em^^ 
the  work  of  this  season  will  probably  throw  further  light  on  this  subje^^ 

The  greatest  interest,  however,  attaches  to  the  silt-catching  devic^^^^^ 
as  by  their  use  it  is  hoped  to  accomplish  the  training  and  contracting  ^ 
the  river,  thereby  deepening  the  channel  and  iuvsuring  a  stable  regime 

These  works   are  of  limited  application,  except  iluring  high-waj 
stages,  so  that  our  opportunities  lor  work  were  limited. 

The  "Brownlow  weeds,"  described  in  previous  reports,  were  th< 
oughly  tried,  and  although  they  are  very  efficient  under  favorable  c:  ^^ 
cunistauces,  yet  there  are  palpable  disadvantages  attending  their  u^^ 
and  they  have  been  entirely  discarded  for  more  efficient  construction^^ 
which,  under  the  head  of  curtains,  will  be  found  described  at  length 
the  reports  on  Nebraska  City  and  Omaha. 


miter  ^ 


Water 


Or  din  6^ 
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These  cnrtains  or  screens  were  first  coDstructed  of  brush  and  wire. 
the  brush  being  vertical  and  the  wires  horizontal,  with  meshes  6  to  8 
inches  wide  and  4  feet  high.  Later  a  netting  of  wire  alone  was  tried^ 
and  gave  such  good  results  that  it  will  be  generally  adopted  this  year. 
The  advantage  of  this  system  is  that  the  netting  can  be  manufactured 
in  quantities  beforehand,  so  that  no  loss  of  time  need  be  incurred  in 
placing  it  in  position.  Moreover,  the  wire  is  cheaper  than  brush,  and 
can  be  procur^  in  any  amounts  needed  at  short  notice.  The  only  points 
to  be  settled  are  the  best  size  of  mesh,  and  the  most  economical  system 
of  manufacture  and  placing  in  position.  These  screens,  when  anchored 
in  the  river,  at  once  begin  to  accumulate  floating  rootlets,  grasses,  and 
otiier  similar  materials,  so  that  the  mechanical  resistance  of  the  screen 
to  the  free  flow  of  the  current  goes  on  increasing.  A  deposit  begins  at 
once,  and  in  an  incredibly  short  time  a  bar  is  formed  on  and  below  the 
Bcreen,  which  may  in  very  short  time  be  brought  to  the  surface  of  the 
water.  Upon  this  bar  the  screen  finally  sinks,  and  then  acts  as  a  revet 
ment  for  its  preservation.  In  high-water  a  diamond-shaped  mesh  16 
inches  wide  by  24  inches  high  has  been  found  much  too  small,  the  net 
being  dragged  to  the  bottom  by  the  accumulation  of  debris  before  the 
desi^d  shoaling  had  been  accomplished.  Heretofore  these  screens  have 
been  supported  by  buoys,  the  lower  edge  being  of  course  anchored,  but 
this  method  presents  so  many  difficulties  that  attempts  will  be  made 
hereafter  to  support  them  by  piling,  as  piles,  it  is  found,  can  be  quickly 
and  cheaply  sunk  by  the  use  of  a  water  jet. 

The  great  amount  of  bank  grading  required  is  an  important  item  in 
the  cost  of  the  work. 

Experiments  made  at  Omaha  have  shown  that  the  hydraulic  method 
offers  great  advantages  both  as  regards  expeditiousness  and  economy. 
Further  statistics  on  this  head  will  be  obtained  during  the  season. 

The  appropriations  for  the  present  year  are  small,  and  to  insure  the 
best  results  from  their  expenditure  I  believe  that  the  greater  portion  of 
the  money  should  go  to  works  of  channel  rectification.  By  this  means 
it  is  hoped  that  results  of  immediate  and  lasting  benefit  may  be  obtained, 
with  the  ultimate  effect  of  a  reduction  in  the  amount  of  bank  revetment 
needed.  To  do  this  work  to  best  advantage  high-water  is  needed,  and 
as  the  season  when  this  may  be  expected  is  now  past,  it  is  proposed  to 
confine  the  present  work  to  such  operations  only  as  .may  be  absolutely 
indispensable,  and  to  work  of  preparation. 

When  the  ice  goes  out  in  the  spring  active  operations  will  be  com- 
menced; and,  as  we  will  then  have  both  the  spring  and  summer  floods 
to  work  on,  it  is  hoped  that  results  of  importance  will  be  obtained.  In 
order  to  carry  out  this  programme,  it  will  be  of  the  utmost  importance 
that  next  yearns  appropriations  may  be  made  available  at  an  early  date, 
in  order  that  the  work  may  be  continuously  prosecuted. 

The  manner  in  which  appropriations  are  made  for  these  works  is  open 
to  many  and  grave  objections.  While  the  aggregate  sum  alloted  for  the 
work  is  a  large  one,  the  special  points  designated  for  its  expenditure  are 
so  numerous  and  so  scattered  that  cooperation  is  impossible.  Each 
work  must,  therefore,  have  a  separate  plant,  and  this,  with  the  neces- 
sary supervision,  is  a  very  heavy  tax  on  the  individually  small  appro- 
priations. Moreover,  the  appropriations  are  generally  for  some  specific 
purpose,  and  work  must  be  necessarily  prosecuted  accortlingly,  often  at 
great  expense,  although  the  general  results  arrived  at  might  be  obtained 
at  less  cost  and  with  greater  general  benefit  by  the  adoption  of  a  more 
comprehensive  and  less  restricted  plan. 

The  small  annual  appropriations  are  never  great  enough  tx>  enoL^XAi^  ^\>:S 
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piece  of  work  to  be  completed;  but  only  when  completed  can  it  be  con- 
sidered safe;  hence,  an  undae  proportion  of  each  year's  allotment  must 
go  to  repairs  of  old  work,  and  progress  towards  final  completion  is  cor- 
respondingly slow. 

In  a  river  of  such  instability  as  the  Missouri  no  work  can  standby 
itself,  but  its  relation  to  all  neighboring  works  is  intimate,  and  its  de- 
pendence on  them  very  great.  Hence  plans  must  be  comprehensive^  and 
work  thorough,  complete,  and  rapidly  carried  out,  otherwise  results  will 
be  very  uncertain,  and  the  cost  unreasonably  great.  I  believe  that  the 
only  solution  of  the  problem  is  the  complete  rectification  of  the  river, 
which  I  hold  to  be  feasible  at  a  reasonable  cost;  but  this  work  will  re- 
quire to  be  systematic,  and  carried  on  with  no  restrictions  upon  the 
iudgment  of  the  engineer  a«  to  time  and  place  of  expenditure.  By  mak- 
ing the  work  complete  in  sections  of  limited  extent,  I  think  that  it  could 
be  carried  on  without  imposing  too  heavy  a  burden  upon  the  Treasury. 
I  have  now  in  preparation  and  hope  soon  to  submit  a  report  on  this 
subject,  with  plan  and  estimates  for  the  permanent  improvement  of  the 
river  as  far  as  covered  by  our  surveys;  that  is,  from  the  mouth  to  Sioux 
City,  Iowa,  a  distance  of  about  800  miles. 

If  the  plan  proposed  proves  acceptable,  it  is  hoped  that  systematic 
and  thorough  work  may  soon  supersede  the  present  disjointed  and  des- 
ultory operations. 

The  assistants  in  local  charge  of  works  have  displayed  great  zeal  and 
energy  in  the  prosecution  of  the  duties  assigned  them,  and  also  much 
ingenuity  and  fertility  of  resource  in  devising  methods  of  work  and 
special  appliances  for  overcoming  the  difficulties  which  presented  them- 
selves. 

The  immediate  supervision  of  the  works  on  the  Missouri  was  in  charge 
of  my  assistant,  Capt.  Thomas  H.  Handbury,  Corps  of  Engineers,  U.  S.  A. 


Q   XT- 
SURVEY  OF  THE  MISSOURI  RIVER  FROM  IIS  MOUTH  TO  FORT  BENTON. 
MONTANA,  AND  SURVEY  OF  THE  MISSOURI  RIVER  FROM  ITS  MOUTH  TO 
SIOUX  CITY,  IOWA. 

At  the  date  of  my  last  report  the  party  engaged  in  this  work  were  80 
miles  below  Sioux  City,  Iowa,  working  down  towards  Weston,  Mo.,  the 
initial  point  of  the  previous  season's  work.  The  field  work  was  closed 
at  this  point  September  6, 1879.  Since  then  the  field  notes  have  been 
platted  to  a  scale  of  1  inch  to  1,000  feet,  making  27  sheets,  each  40  by 
120  inches. 

During  the  present  season  it  is  proposed  to  connect  these  maps  with 
those  made  in  former  years  by  the  General  Land  Office,  to  run  a  line  of 
check  levels  from  the  mouth  to  Sioux  City,  to  fill  in  details  of  topography 
which  have  been  found  lacking,  and  fhially  to  reduce  the  maps  to  a 
smaller  scale  and  publish  them. 

The  honorable  Secretary  of  War  having  decided  to  allot  $4,000  of  this 
appropriation  to  the  work  at  Sioux  City  as  authorized  in  the  act  approved 
June  14, 1880,  the  operations  here  enumerated  will  exhaust  the  present 
appropriation. 

In  this  act  the  designation  of  the  appropriation  is  changed  so  as  to  fix 
the  head  of  the  survey  at  Sioux  City,  Iowa,  but  as  it  is  extremely  im 
portant  that  the  survey  of  this  great  river  should  be  continued  to  the 
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bead  of  navigation,  I  submit  again  the  estimates  presented  last  year  for 
this  extension. 

The  work  of  the  survey  was  carried  on  as  during  the  previous  season 
under  the  direction  of  Assistant  D.  W.  Wellman. 

Money  statement 

July  1,  1879,  amount  available $20,271  62 

JLmonnt  appropriated  by  act  approved  June  14,  1880 30. 000  00 

$50,271  62 

July  1,  1880,  amount  expended  during  fiscal  year 20, 119  80 

July  1,  1880,  amount  available 30,151  82 

Amonnt  (estimated)  required  for  completion  of  existing  project 100, 000  00 

Amount  that  can  be  profitably  expended  in  fiscal  year  ending  June  30,  1682.    50,000  00 


Q  i8. 

IMPROVEMENT  OF  GASCONADE  RIVER,  MISSOURI. 

A  survey  was  made  last  season  of  the  Gasconade  Kiver  between  its 
mouth  and  Vienna,  in  Maries  County,  a  distance  of  78  railes.  A  report 
on  this  subject,  with  estimates,  was  submitted  to  you  under  date  of  Feb- 
ruary 11, 1880,  and  was  published  as  Senate  Ex.  Doc.  No.  99,  Forty-sLxth 
Cong.,  second  session. 

Congress,  by  act  approved  June  14,  1880,  appropriated  $5,000  for  the 
removal  of  snags  from  the  stream.  It  is  proposed  to  expend  this  sum 
in  the  manner  required  by  the  law  as  soon  as  the  river  gets  to  a  low 
stage,  carrying  the  work  as  far  as  the  available  funds  will  allow. 

This  work  is  situated  in  the  collection  district  of  New  Orleans,  and  the  nearest  port 
of  delivery  is  Saint  Louis,  Mo.  The  nearest  fort  is  at  Leavenworth,  Kans.  Amount 
of  revenue  collected  at  the  port  of  Saint  Louis,  Mo.,  during  the  fiscal  year  ending  June 
30,  1880,  was  $1,176,009.57. 

Money  statement. 

Amount  appropriated  by  act  approved  June  14,  1880 $5,000  00 

July  1,  1880,  amount  available 5,000  00 

Amount  (estimated)  required  for  completion  of  existing  project • 45,000  00 

Amount  that  can  be  profitably  expended  in  fiscal  year  ending  June  30, 1882.  45, 000  00 


subvet  of  gasconade  biyeb,  missouri,  fbom  vienna,  in  mabibs 

county,  to  its  mouth. 

United  States  Engineeb  Office, 

Saint  Louis,  Mo.,  Febniary  11,  1880, 

Genebal  :  I  beg  leave  to  submit  herewith  a  copy  of  a  report  of  my 
assistant,  Thomas  T.  Johnston,  on  the  Gasconade  Kiver,  Missouri,  from 
Vienna,  in  Maries  County,  to  its  mouth.  The  survey  of  this  stream  was 
made  under  my  directions  by  Assistant  Johnston  during  the  past 
season. 

From  this  report  it  appears  that  for  this  portion  of  the  Gasconade, 
some  78  miles  in  length,  it  is  a  small  stream,  the  low-water  discharge 
being  only  450  cubic  feet  per  second.  The  fall  is  heavy — 108  feet  in 
this  distance — and  the  river  is  much  obstructed  by  ^cravel  barf^^th^ 
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channels  through  which  are  tortuous  and  shallow.  To  thoroughly  im- 
prove a  stream  of  this  character  is  a  very  costly  operation,  and  before 
suitable  plans  could  be  prepared,  more  study  and  observation  would  be 
required  than  the  hurried  nature  of  our  survey  has  enabled  us  to  bestow 
upon  the  subject. 

There  is  not  much  steamboat  navigation  on  the  river,  but  the  rafting 
interest  is  important.  Under  these  circumstances  it  has  seemed  be«t  to 
confine  our  attention  for  the  present  to  a  project  for  deepening  and 
straightening  the  low- water  channels  over  the  worst  shoals  by  means 
of  low,  cheaply-constructed  dikes,  and  for  removing  the  snags  which 
now  obstruct  the  stream  in  many  places.  This  partial  improvement 
would  no  doubt  be  very  beneficial  to  all  the  interests  concerned,  and 
during  its  progress  opportunity  would  be  aiibrded  for  a  more  thorough 
study  of  the  problem. 

Assistant  .Johnston's  estimate  for  this  work  is  $50,000,  which  could 
be  profitably  expended  in  one  season.  This  estimate  is  approved 
by  me. 

Copies  of  the  maps  of  the  survey  will  be  forwarded  as  soon  as  they 
can  be  traced. 

I  am,  general,  very  respectfully,  your  obedient  servant, 

Chas.  E.  Suter, 
Major  of  Engineen, 

Brig.  Gen.  H.  G.  WRiaHT, 

Chief  of  Engineers^  U.  S.  A. 


REPORT  OF  MR.   THOMAS  T.   JOHNSTON,   ASSISTANT  ENGINEER. 

Saint  Louis,  Mo,,  January  30, 1880. 

Major  :  I  have  the  honor  to  siihmit  the  following,  being  ray  report  of  the  sarvey  of 
and  the  practicability  of  improving  the  Gasconade  River  from  Indian  Ford  (ne«r 
Vienna),  in  Maries  County,  Missonri,  to  the  mouth  of  the  river,  and  which  was  done  in 
accordance  with  instructions  received  from  you  dated  August  20«  1879,  and  September 
9,  1879. 

The  survey  of  the  river  was  commenced  September  17,  1879,  and  completed  October 
29,  1879.  A  stadia  lino  was  run  along  the  course  of  the  river,  from  which  all  otber 
points  were  located.  The  length  of  each  change-line  was  measured  from  both  ends. 
The  directions  of  the  lines  were  checked  by  reference  to  the  true  meridian  about 
every  20  mUes. 

Topography  back  from  the  river  bank  was  sketched  as  far  as  time  and  the  amonni 
of  the  allotment  permitted.  A  line  of  levels  was  run  to  which  the  water  surface  was 
referred  at  about  every  500  feet  along  the  pools,  and  at  shoals  sufficient  elevations 
were  taken  to  determine  the  manner  in  which  the  water  gets  over  them  with  reference 
to  shape  and  slope.  Cadenced  soundings  were  taken  in  pools  on  sections  averaging 
about  400  feet  between  centers ;  on  shoals  sufficient  soundings  were  taken  to  deter- 
mine its  shape  and  the  water  depths,  the  sounder  wading  and  pacing  between  sound- 
ings, thus  getting  them  equidistant. 

The  country  along  the  river  was  examined  as  far  as  possible.  The  accompanyini 
maps  show  the  results  of  the  work,  except  that  only  enough  soundings  were  plattea 
to  show  the  ruling  depths  on  sections. 

This  part  of  the  river  crosses  from  side  to  side  of  a  crooked  vaUey  between  blofEs, 
which  are  from  1,000  feet  to  1  mile  (about)  apart,  the  face«  of  which  toward  the  vaUey 
show  distinctly  northeast  and  northwest  trends ;  the  general  direction  of  the  stream 
is  northeast^ly. 

The  bluffs  are  often  precipitous,  with  rock  ledges  out-cropping;  in  a  few  instances 
they  rise  vertically  from  the  water's  edge,  and  in  a  few  instances  they  were  observed 
to  rise  abruptly  from  the  level  and  high  bottom  lands.  They  are  generally,  however, 
footed  by  a  talus  which  frequently  obscures  the  original  bluff  face.  The  country  in 
Maries  County  and  Southern  Osage  County,  near  the  river,  is  excessively  broken, 
especially  on  the  west  side;  the  ridges  are  a  mass  of  angular  stones,  varying  in  sIm 
fix)m  small  gravel  to  pieces  weighing  several  hundred  pounds;  the  forests  are  thin  and 
the  luderbruah  scant ;  on  the  huisides  and  in  the  bottoms  the  laud  is  more  or  less  fertile^ 
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And  mnch  of  it  under  cultivation ;  toward  the  Missouri  River  and  east  of  the  river  the 
•ountry  is  h^ss  jaj^jjod;  it  is  thickly  settled  by  Germans,  who  have  placed  most  of  the 
land  (hill-top,  sidt^-hill,  and  bottom  land)  under  cultivation,  growing  grapes,  wheat, 
Jind  com  in  lar^e  ([uautities. 

The  bottom  lands  are  quite  level,  being  at  the  river  banks  generally  about  20  feet 
jibove  the  low-water  level  of  the  river;  in  such  places  as  the  river  is  shifting  about,  or 
is  infloenced  by  the  tributaries  or  by  original  valley  topography,  there  are  lower  lauds 
subject  to  frequtint  overflow.  They  are  for  the  greater  part  very  fertile,  though  in 
many  places  too  sandy  to  be  of  much  value.  Where  the  river  banks  art^  being  eroded, 
the  material  below  the  alluvial  crust  is  shown  to  be  a  mixture  of  sand  and  gravel  in 
varying  proportion.s;  tributaries  cutting  through  the  bottom  lands  show  the  same 
formation.  No  evidence  of  bed-rock  was  observed  within  at  least  10  feet  of  the  low- 
w^at^r  level  of  the  river.  While  the  regular  trend  and  the  age  of  the  bluff  rocks  indi- 
cate the  pre-glacial  existence  of  the  valley,  the  limited  area  the  river  could  ever  have 
drained  and  the  character  of  the  valley  formations  indicate  the  flow  of  a  large  amount 
of  iwater,  such  as  could  have  been  produced  by  the  melting  of  glaciers. 

The  river  is  a  series  of  pools  and  shoals,  the  low- water  width  of  the  channel  vary- 
ing from  60  to  500  feet,  but  being  generally  about  200  feet  wide;  as  shown  on  the 
maps,  the  depth  of  the  former  varies  from  20  feet  to  3  or  4  feet,  but  for  the  most  part 
shoiKring  a  depth  of  8  or  9  feet;  the  current  in  these  is  almost  imperceptible  at  low- 
^water.     The  maximum  depths  of  water  on  the  shoals  vary  from  2.5  to  1.3  feet,  but 
for  the  most  part  being  about  2  feet ;  the  depth  varies  with  the  shape  of  th^shoal  to 
some  extent.     These  snoals  appear  to  be  banks  of  gravel,  acting  as  dams  athwart  the 
<x>iirse  of  the  stream ;  sand  in  the  river  bed  is  absent  except  near  the  month.     The  fall 
of  the  river  from  Indian  Ford,  as  shown  by  the  levels,  is  107.895  feet,  the  Missouri 
River  being  low.    The  length  of  the  river  surveyed  is  78^  miles.    The  pools  (as  a  rule) 
lie  adjacent  to  the  bluSs,  while  the  shoals  (as  a  rule)  occur  where  tne  river  crosses 
from  bluff  to  bluff;  they  occur  also  (as  a  rule)  very  close  to  where  the  river  commences 
A  crossing,  and  rarely  at  the  end  of  a  crossing;  frequently  there  are  shoals  between 
these  points.     There  are  a  class  of  shoals  which  appear  to  oe  the  consequence  of  some 
tribotary,  doubtless  the  latter  bringing  in  material  that  the  river  is  incapable  of  mov- 
ing, thus  forming  a  nucleus  for  a  shoal.    Two  or  three  shoals  along  the  bluffi^  are  doubt- 
less the  consequence  of  some  obstacle,  as,  for  instance,  a  bed  of  snags.     Undoubtedly 
snaes  have  exerted  a  large  influence  over  the  formation  of  shoals.    The  river  has  an 
osculation  between  high  and  low  water  of  22  feet,  as  given  by  a  high- water  mark  at 
Pay  Down.     (Sheet  4.) 

The  slope  of  the  country  that  the  river  drains  is  such  that  the  water  passes  off  rap- 
idly, the  river  rising  very  rapidly  and  staying  high  but  a  short  time.  The  prevalence 
of  low-water  is  indicated  by  the  growth  of  vegetation  close  to  the  low-water  line. 
Persons  living  along  the  river  were  a  unit  in  representing  the  river  to  have  been  un- 
usually low  during  the  past  season.  It  was  noticed  that  scarcely  any  water  was 
l>ronght  in  by  the  numerous  small  tributaries  below  Indian  Ford. 

IMPROVEMENT. 

The  quantity  of  water  passing  through  the  stream  at  extreme  low-water  does  not 
Tary  much  from  450  cubic  feet  per  second.  The  shoals  in  the  river,  acting  as  dams, 
hold  a  depth  of  water  behind  them  sufficient  for  all  needs  of  navigation,  while  the 
water  spreads  over  the  dams  in  a  more  or  less  thin  layer.  The  question  turns  on  a 
methoil  of  passing  these  dams.  Locks  would  answer  the  purpose,  but  are  unnecessary 
and  expensive.  The  present  needs  of  navigation  do  not  require  a  channel  of  more  than 
2.5  feet  depth  by  about  30  feet  bottom  width  and  60  feet  or  more  surface  width.  The 
sectional  area  of  the  stream  on  the  shoals  shows  that  this  can  easily  be  had.  It  is 
believed  that  this  can  be  had  by  using  win^dams  and  dikes  of  various  construction. 
A  considerable  care  must  be  used  on  placing  them,  particularly  to  make  them  suffi- 
ciently low.  They  should  be  no  higher  than  sufficient  to  maintain  the  required  chan- 
nel. Some  years  ago  Powell's  dam  (sheet  25)  was  built,  which  has  caused  changes  in 
the  river  especially  detrimental  to  navigation.  It  had,  probably,  a  fall  of  4  feet;  as  a 
consequence,  the  river  below  has  a  large  fall  and  numerous  shoals;  exactly  what  its 
effect  has  been  is  difficult  to  decide,  but  an  examination  of  the  map  will  show  it  in  a 
measure.  Using  a  shoal  in  the  capacity  of  a  dam  involves  the  consideration  of  its 
stability;  the  apparent  relations  between  the  positions  of  shoals  and  the  features  of 
the  river  indicate  their  permanency,  though,  doubtless,  slow  changes  may  exist;  the 
material  of  which  they  consist  is  somewhat  difficult  of  transportation,  though  the 
case  of  Powell's  dam  shows  that  it  is  moved  in  not  small  quantities ;  the  way  gravel  has 
banked  up  below  the  dam  shows  what  may  be  expected  at  any  other  dam  ;  an  arti- 
ficial obstruction  at  Stake  Shoal  (sheet  29)  indicates  the  same  thing;  likewise  the 
shoal-forming  capacity  of  snags.  A  low  dam  or  immovable  ridge  on  the  crest  of  a 
bar  fi^oal  wiU  prevent  any  undesirable  changes,  being  coupled  with  needed  protections 
at  the  river  banks.  Being  assured  of  the  permanency  of  the  shoals,  the  works  on  any 
shoid  may  be  considered. 
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Primarily,  these  shonld  not  damage  the  river  elsewhere;  to  satisfy  this  condition  the 
dams  should  be  as  low  as  possible,  and  not  much  alter  the  elevation  of  or  fall  over  a 
shoal.  It  is  partly  on  this  account  that  it  would  be  unadvisable  to  scrape  a  channel 
through  the  gravel  shoals,  thus  reducing  the  level  of  the  pool  above,  aud  maybe 
developing  new  shoals ;  moreover,  this  process  would  be  equivalent  to  making  wing- 
dams  of  loose  gravel,  which  material  (from  personal  observation)  is  easily  movS 
when  the  regimen  of  the  stream  is  molested.  While  satisfying  this  primary  condition 
it  must  be  considered  how  and  where  the  channel  over  the  shoal  is  to  be.  Its  width 
will  be  governed  by  the  fall  over  the  shoal  aud  the  variation  from  the  depth  of  chan- 
nel proposed ;  this  latter,  to  be  accurate,  will  have  to  be  determined  by  actual  experi- 
ment; with  the  proposed  channel-depth  suflHcient  width  (and  more)  can  be  had  and 
the  variation  therefrom  may  have  to  be  governed,  but  to  what  extent  remains  to  be 
determined  ;  however,  it  is  believed  that  sufficient  is  known  concerning  the  probable 
variation  upon  which  to  base  estimates. 

The  location  of  the  channel  over  the  shoals  involves  the  consideration  of  its  ease  of 
navigat\()n;  the  cost  of  forming  it;  its  chances  of  maintenance  ;  the  conditions  above 
prescribed ;  and  the  consideration  of  erosion  of  banks.  Experience  has  shown  that 
boats  can  move  up  stream  over  the  steepest  shoals  with  no  difficulty.  Ease  of  naviga- 
tion requires,  then,  only  that  the  channel  should  be  reasonably  straight.  The  cost  of 
forming  the  channel  will  depend  on  the  nature  of  the  shoal;  the  chances  of  main- 
tenance depend  on  the  same  thing,  together  with  the  high-water  action  of  the  river. 
The  discussion  of  these  properties  will  not  be  undertaken  here,  but  will,  if  desired, 
form  the  subject  of  a  supplemental  report. 

The  nature  of  the  bottom-lands  is  such  as  to  render  them  capable  of  easy  erosion. 
Along  the  straighter  pools,  and  where  the  concave  side  is  a  bluff,  th.s  action  is  absent 
on  account  of  absence  of  current  except  at  high-water  and  the  protection  of  vegeta- 
tion ;  at  other  pools,  bending  sharply,  this  action  exists,  though  progressing  slowly 
and  only  at  the  occasional  high-waters.  At  shoals  evidence  of  jiast  erosion  exists, 
and  is  at  present  progressing,  and  must  be  prevented  from  interfering  with  the 
improvements  on  any  shoal. 

PLAJJ. 

It  is  proposed,  in  order  to  bring  about  an  improvement,  to  use  some  device  for  con- 
centrating and  governing  the  flow  of  water  through  a  chanuel,  the  location  of  which 
has  been  determined,  in  consideration  of  conditions  before  mentioned.     These  devices 
will  have  to  be  constructed,  with  few  exceptions,  where  the  water  (at  its  lowest)  is 
about  2.5  feet  deep,  or  less,  and  in  such  a  manner  that  the  resistance  of  the  device  de- 
manded will  never  be  very  great,  which  resistance  is  lessened  as  much  as  possible  by 
the  design  of  the  devices;  it  is  not  believed  that  water-tight 'dams  and  dike  will  be  de- 
manded, at  least  only  in  rai*e  instances.     Ha\dng  once  fixed  a  section  for  the. channel 
the  concentrating  capacity  and  quality  demanded  will  depend  upon  the  shape  of  and 
fall  over  the  shoal  and  the  governing  capacity  on  the  same  thing  to  a  greater  orle«s 
extent ;  the  impossibility  of  calculating  the  intensity  of  these  requirements  makes  actual 
experiment  necessary  to  determine  them.     It  is  believed  that  the  changes  intended  on 
any  shoal  will  take  place  so  rapidly  that  the  effect  of  the  works  can  be  observed  ap- 
proximately at  once,  and  thus  govern  their  extent.     The  estimates  below  are  based 
upon  the  effect  of  the  works  anticipated,  and  it  is  believed  they  will  not  vary  ranch 
from  what  will  be  needed.     Where  a  wing-dam  or  dike  is  needed  over  2  feet  high, 
brush  and  stone  will  be  used  (depending,  of  course,  on  the  resistance  demanded); 
where  a  less  height  is  needed,  poles  and  planks  driven  into  the  fjravel  in  single  or 
double  rows  (depending  on  the  case),  somewhat  after  the  nature  of  sheet  piles,  either 
alone  or  backed  by  stone,  or  gravel  will  answer  for  dams  and  dikes.     The^e  will  be 
driven  2  or  3  feet  into  the  gravel,  or  until  they  take  a  firm  hold  and  are  out  of  the 
limit  of  scour ;  when  used  to  deflect  the  current,  poles  alone  will  answer,  driven  several 
inches  apart;  none  of  these  works  are  intended  to  reach  above  low-water;  in  many 
cases  even  this  height  will  be  unnecessary  (besides  the  previously  mentioned  condi- 
tions, the  desirability  of  maintaining  the  point  of  maximum  scour  at  or  near  low- 
water  will  govern  the  height  of  the  works).     Similar  works  will  be  used  to  prevent  the 
bars  from  giving  openings  for  other  channels  and  for  governing  undesirable  scour  in 
the  channel.     The  parts  of  this  class  of  work  that  may  be  subject  to  hard  knocks,  as 
from  rafts  or  boats,  will  be  of  the  same  construction,  but  stronger  than  elsewhere.    It 
is  believed  that  the  spaces  behind  the  works  will  fill  up  with  sand  and  gravel,  and 
that  these  sediment  banks  and  the  works  will  afford  mutual  protection.     The  greatest 
danger  to  this  plan  is  the  possibility,  though  remote,  of  the  channel  filling  up  at  high- 
water  in  a  manner  to  prevent  it  being  opened  again  at  low-water.     This  objection  is 
common  to  all  wing-dam  aud  dike  systems,  and  can  be  obviated  only  by  work  in  the 
nature  of  maintenance  and  rej^airs. 

The  survey  of  the  river  develops  76  places  needing  improvement,  as  shown  on  the 

maps  and  in  the  following  table.     The  estimates  are  based  upon  the  condition  of  the 

riyer  when  surveyed,  and  will  vary  with  any  variation  in  the  shoal  prior  to  improv©- 

ment.    No  changes  are  anticipated  w\i\e\x  >fj\\\  \sw\\i\v  vxW^'.x  V\3k»  «kwvc»\\w\^.    D\k«  and 
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dam  work  has  been  placed  at  an  average  cost  of  25  cents  per  running  foot,  as  deter- 
mined by  averaging  the  amount  of  work  on  a  number  of  sboals.  These  estimates  refer 
to  the  actual  cost  of  construction.  •  Ten  per  cent,  has  been  added  on  account  of  jtossi- 
ble  error  in  estimates,  and  the  same  amount  on  account  of  such  scraping  and  governing 
of  the  channel  as  may  be  needed  to  develop  the  intended  effect  of  the  work. 

List  of  shoaU  and'  estimates  for  improvement. 


Vxanher. 


BS 

ii 

«*5   OD 

«   2   « 

S5- 
5aa     i 

«  © 

gaa 

Coflt. 


1 7aoo 

a 76.25 

4 i  73.75 

5 1  73.25 

6 72.50 

7 71.50 

« 71.25 

9 70.25 

10 69.00 

n 68.25 

12 '  68.00 

13 67.25 

14 :  66.75 

15 66.00 

16 65.25 

17 64.37 

18 63.25 

19 62.25 

20 1  60.75 

21 60.25 

22 59.50 

23 68.75 

24 58.00 

25 57.25 

26 56.75 

27 56.50 


$375 

1,250 

1,000 

150 

50 

500 

150 

150 

375 

1,250 

150 

375 

375 

375 

200 

600 

250 

1,000 

200 

125 

50 

150 

250 

700 

200 

250 

50 


Number. 


9 

•  o  _ 

5S.2 


28. 

29 

30. 

31 

32. 

33 

34. 

35. 

36. 

37. 

38. 

39 

40. 

41. 

42. 

43 

44. 

45 

46. 

47. 

48 

49 

50. 

51. 

52. 

53. 

54. 


55.75 
54.75 
54.25 
53.25 
52.25 
50.50 
49.75 
48.25 
47.50 
46.50 
45.75 
45.25 
44.50 
44.25 
43.25 
42.25 
41.50 
40.75 
40.25 
39.00 
37.  75 
36.  75 
34.75 
29.75 
28.00 
27.50 
26.25 


Cost 


$250 
500 

50 
250 
200 
600 

75 
200 
200 
500 
150 
700 
150 
150 
300 
500 
150 

50 
700 
200 

50 
150 
150 
1,500 
250 
250 
150 


S^ 

Si: 

C-c 

Number. 

Distance 
^       mouth  of 
^       in  m  es  . 

Cost 

55 

$100 
100 

56 

24.75 
24.25 

«>'>  or. 

21.75 

57 

150 

58 

600 

.'>9 

150 

60 

21.25 

75 

61 

20.50 

75 

62 

20.00 

400 

63 

ia25 

300 

64 

17.25 

700 

65 

16.25 

200 

66 

14.00 

75 

67 

13.12 

150 

G8 

12.  25 

300 

69 

11.75 

150 

70 

10. 75 

150 

71 

10.25 

150 

72 

8.25 

250 

73 

7.75 

150 

74 

7.00 

500 

75 

i>7. ........... 

6.25 
3.25 

300 

76 

250 

Amount 

24,200 

20%-f 

5,800 

Total . . . 

30,000 

See  profile  of  river  for  fall  and  length  of  shoals. 

SNAOS. 

There  are  localities  along  the  river  favorable  for  the  location  of  snags;  and  at  those 
places  they  are  sometimes  so  thick  that  a  boat  or  raft  cannot  pass  without  coming  in 
contact  with  them.  These  localities  are  at  such  places  as  the  banks  are  being  eroded, 
either  along  pools  or  at  shoals ;  also  at  the  heads  of  islands.  They  occur  also,  as  a  rule, 
in  groups,  an  isolated  one  being  rare.  There  are  long  stretches  of  the  river  where 
none  will  be  found.  They  seldom  locate  in  the  channel  on  shoals,  except  where  ero- 
sion of  banks  exists.  There  are,  then,  a  number  of  localities,  more  or  less  full  of  snags, 
enamerated  below.  They  are  easily  accessible  from  the  shores,  and  can  be  removed 
by  apparatus  located  thereon,  and  by  blasting. 


Loggyhend. 

One  mile  above  Pay  Down. 

Devil's  Race  Shoals. 

Buck  Elk  Shoal. 

Scott  Island. 

Ramsey  Shoal. 

Rollins'  Ferry  Shoal. 

Above  Owen^s  MiU. 

Below  Pointer's  Creek. 


Head  of  Deer  Slough. 
Massey  Island. 
Bumper's  Shoal  and  above. 
Priors  Bend. 
Loita  Lewis  Shoal. 
Deppy  B«'nd. 
Powel's  Dam. 
Below  Round  Island. 


ESTIMATES  FOR  REMOVING   SNAG8.J 

Cost  of  oatfit  (boats,  apparatus,  Slc.  ) $1, 000 

Work  of  one  season — employes 5, 000 

Superintendence 1, 000 

Repairs  of  apparatus  and  material 1,000 

Mwgin  for  variation  from  estimates 1, 000 

Amount  for  one  season's  work 9, 000 

One  season's  work  wiU  probably  be  required  to  complete  this  work,  making  Wi^ 
total  ccet ^,WiKi 


1466  REPORT  OF  THE  CHIEF  OF  ENGINEERS,  U.  S.  ARMY. 

RAPT  NAVIGATION. 

Rafting  is,  at  present,  the  only  traffic  done  on  the  river,  thoagh  several  boats  hiTt 
been  up  the  stream.     Lumber  and  railroad  ties  are  rafted  in  varions  quantities  year 
by  year.     It  is  estimated  that  80,000  ties  were  rafted  in  the  year  1879.    Not  much 
lumber  came  down,  due,  probably,  to  the  very  low-wat«r  and  the  small  demand  for 
that  article.     At  low-water  this  business  is  difficult  and  expensive,  rafto  firequently 
being  broken  up  and  destroyed.     Undoubtedly,  this  business  would  be  a  large  one  iii 
this  river  if  the  rafts  could  be  taken  out  at  a  reasonable  cost.    The  present  gr^ateet 
width  of  rafts  is  32  feet ;  in  order  to  pass  some  shoals,  it  is  necessary  to  split  them  in 
half  longitudinally.    A  chaunel-way  that  allows  this  width  of  raft  to  be  increased  can- 
not be  considered  practicable  in  this  river;  it  remains,  then,  to  make  it  deep  enoagh 
to  allow  the  thickness  of  rafts  to  be  increased;  the  present  thickness  underwater 
scarcely  exceeds  8  inches.      The  rafts  are  always  long — about  200  feet — and  their 
trouble  lies  in  getting  through  crooked  cbannels.     Some  benefit  would  accrue  from 
rectification  of  the  channel  in  various  places ;  the  cost  of  auxiliary  works  neceasary 
to  maintain  such  a  channel  would  make  the  total  cost,  approximately,  very  close  to 
the  cost  of  the  works  for  boat  navigation.     It  is  believed  best,  on  this  account  and  the 
importance  of  the  raft  trade,  to  fix  a  quality  of  raft  navigation  at  such  as  will  be  a 
consequence  of  the  boat  channel  proposed. 

VALUE  OF  THE  PROPOSED  IMPROVEMENT. 

The  benefit  to  be  derived  from  the  improvement  of  this  river  would  be  to  aflfbrd 
cheap  and  convenient  transportation  for  the  products  of  a  large  portion  of  Maries, 
Osage,  and  Gasconade  counties  in  Missouri,  and  to  make  further  development  of  the 
country  profitable  ;  wheat  and  com  are  grown  in  large  quantities.  The  mineral  re- 
sources of  this  region  are  almost  wholly  undeveloped ;  iron  ore  is  plentiful.  An  outlet 
"would  be  afforded  for  much  oak  and  pine  lumber. 

No  reliable  statistics  of  the  products  of  this  region  exist. 

SUMMATION. 

Cost  of  improvement  (actual  construction) |3O,O00 

Superintendence,  surveys,  office  expenses 10, 000 

One  season's  work  removing  snags 9,000 

Tools,  boats,  and  material 1,000 

Total 50,000 

It  is  recommended  that  this  work  be  done  in  one  year,  as  being  economical,  and 
that  the  50,000  be  expended  during  the  next  fiscal  year. 

Attention  is  respectfully  called  to  the  condition  of  the  bridge  of  the  Missouri  Pacific 
Railroad,  near  the  mouth  of  the  river  (sheet  31);  it  has  no  draw-span,  although  the 
piers  are  constructed  for  one ;  at  low-water,  in  both  the  Missouri  River  and  the  Gas- 
conade, the  lower  chord  of  this  bridge  was  32.83  feet  above  the  water  suiface.  The 
channel-way  either  side  of  the  pivot-pier  is  obstructed  by  the  remains  of  a  former  trestle 
bridge. 

Attention  is  also  called  to  the  existence  and  operation  of  a  grist-mill,  as  shown  on 
sheet  20  of  the  map. 
Respectfully  submitting  the  above  to  your  consideration,  I  am, 
Very  respectfully,  your  obedient  servant, 

Thos.  T.  Johnston, 

AaHatani  Engineer- 
M%j.  Chas.  R.  Suter, 

Carps  of  Engineers  J  U,  S,  A, 


Q  19- 

IMPROVEMENT  OF  ARKANSAS  RIVER  BETWEEN  PORT  SMITH,  ARKANSAS, 

AND  WICHITA,  KANSAS. 

Kg  sna^boat  of  sufficient  light  draught  was  available  for  work  in  this 
portion  of  Arkansas  River  till  the  end  of  the  winter,  when  the  new 
snag-boat  Ghauncey  B.  Eeese  was  assigned  to  that  field.  Owing  to  tiie 
low  stage  of  water,  the  lateness  of  the  season,  and  the  great  number  of 
snags  that  had  to  be  removed  to  admit  the^passage  of  the  boat,  but  little 
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oould  be  accomplished  and  the  boat  was  withdrawn.  Operations  will 
be  resumed  at  the  first  favorable  opportunity  and  carried  as  high  as  the 
railroad  bridge,  3  miles  above  Grand  Eiver  and  97  miles  from  Fort 
Smith.  This  bridge  has  no  draw  and  is  impassable  for  steamers  of  any 
size. 

During  the  coming  season  it  is  proposed  to  set  a  party  at  work  at  the 
npper  end  of  the  district.  They  will  work  at  low- water,  either  from  flat- 
boats  or  the  banks  of  the  stream,  and  will  remove  snags  and  rocks  from 
the  channel,  and  perhaps  build  a  few  dams  on  the  worst  shoals.  These 
operations  will  be  carried  on  as  far  as  the  funds  available  will  allow,  and 
will,  it  is  thought,  benefit  at  least  flat-boat  navigation,  which,  with  the 
impassable  bridges  below,  is  all  that  the  stream  is  now  capable  of. 
Daring  the  past  season  the  dike  built  at  Fort  Smith  was  found  to  have 
settled  slightly.  It  was  raised  to  the  proper  level,  and  at  last  accounts 
was  in  good  condition  and  had  accomplished  perfectly  the  object  in- 
tendedy  that  of  giving  a  good  and  accessible  harbor  to  the  town  of  Fort 
Smith. 

In  order  to  carry  on  such  work  as  is  at  once  needed  an  appropriation 
of  $40,000  will  be  necessary,  and  I  beg  leave  to  renew  my  recommenda- 
tion of  an  appropriation  of  $16,300  for  such  a  survey  as  is  needed  to 
develop  a  plan  of  permanent  improvement. 

The  work  is  situated  in  the  collection  district  of  New  Orleans.  The  nearest  port  of 
delivery  is  Memphis,  Tenn.,  and  the  nearest  fort  is  Fort  Smith,  Ark. 

The  amoant  otrevenae  coUected  at  Memphis,  Tenn.,  during  fiscal  year  ending  Jane 
30,  1880,  was  $21,051.52. 

Money  statement 

July  1,  1879,  amount  available $20,000  00 

Amount  appropriated  by  act  approved  June  14,  1880 15, 000  00 

$35,000  00 

July  1,  1880,  amount  expended  during  fiscal  year 18, 591  75 

July  1, 1880,  amount  available 16,408  25 

.Ajnoiint  that  can  be  profitably  expended  in  fiscal  year  ending  June  30, 1882 .    56, 300  00 


Q   20. 

IMPROVEMENT  OF  ARKANSAS  RIVER  AT  PINE  BLUFF,  ARKANSAS. 

A  general  plan  for  the  improvement  of  Arkansas  River  at  this  locality 
^was  sabmitted  to  yon  ander  date  of  January  23, 1880,  printed  as  Senate 
Ex.  Doc.  No.  67,  Forty-sixth  Cong.,  second  session. 

Congress  by  act  approved  June  14, 1880,  having  appropriated  $25,000 
for  this  work,  it  will  be  taken  in  hand  at  once  and  pushed  as  far  as  the 
available  funds  will  allow. 

This  work  is  situated  in  the  coUection  district  of  New  Orleans.  The  nearest  port 
•f  delivery  is  Memphis,  Tenn.,  and  the  nearest  fort  is  Fort  Smith,  Ark. 

The  amoant  of  revenue  collected  at  Memphis,  Tenn.,  during  fiscal  year  ending  June 
30,  1880,  was  $21,051.52. 

Money  statement 

Amount  appropriated  by  act  approved  June  14,  1880 $25,000  00 

July  1,  1880,  amount  available 25,000  00 

Amount  (estimated)  required  for  completion  of  existing  project 75, 000  00 

Amount  that  can  be  profitably  expended  in  fiscal  year  ending  June  30, 1882.  75, 000  00 
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survey  of  arkansas  river,  in  the  vicinity  op  pine  bluff, 

areaj^sas. 

United  States  Engineer  Office, 

Saint  Louis,  Mo.j  January  23, 1880. 

General  :  I  beg  leave  to  transmit  herewith  a  copy  of  the  map  of  a 
survey  of  Arkansas  River,  in  the  vicinity  of  Pine  Bluff,  Ark.,  made 
under  my  direction  during  the  past  summer,  together  with  a  report 
from  my  assistant,  Capt.  Thomas  H.  Handbury,  Corps  of  Engineers,  U. 
8.  A.^  submitting  a  plan  and  estimates  of  cost  for  the  improvement  of 
the  river  at  this  locality.  From  these  documents  it  will  be  seen  that 
the  objects  proposed  are  three  in  number.    They  are : 

1st.  To  protect  the  river  bank  immediately  in  front  of  the  town  from 
further  erosion. 

2d.  To  rectify  the  course  of  the  river  in  the  bend  above  the  town,  in 
order  to  remove  a  bar  now  existing  there,  which  is  an  impediment  to 
navigation,  and  also,  by  diminishing  the  curvature  of  the  bend,  to  lessen 
the  tendency  to  excessive  scour  in  front  of  Pine  Bluff. 

3d.  To  prevent  the  formation  of  a  cut-off  now  threatened  across  the 
neck  of  the  peninsula  opposite  Pine  Bluff,  which,  if  allowed  to  take 
place,  will  leave  that  town  nearly  4  miles  from  the  river,  and  will  have 
injurious  effects  on  the  river  above  and  below.  The  whole  improvement 
will  extend  over  about  13  miles  of  river. 

To  accomplish  the  objects  proposed,  the  plan  contemplates  the  use  of 
methods  and  appliances  which  have  given  excellent  results  on  the  works 
of  improvement  carried  on  under  my  direction  on  the  Missouri  Eiver, 
and  which  I  have  no  reason  to  doubt  will  give  equally  good  results  here. 

The  revetment  of  36,000  linear  feet  of  bank  is  deemed  necessary,  as 
also  the  construction  of  2,000  feet  of  floating  brush  dike. 

The  plan  proposed  by  Captain  Handbury  expresses  my  own  views  on 
this  subject,  and  the  estimates  submitted  are  also  approved  by  me» 
They  are  as  follows : 

For  revetting  36,000  feet  of  bank,  at  $2.50  per  foot $90,000 

For  constructing  2,000  feet  of  floating  brush  dike,  at  $1  per  foot 2, 000 

For  superinteuifence  and  contingencies 8,000 

Total 100,000 

Which  can  be  profitably  expended  in  one  season.  In  order  that  the 
work  may  be  accomplished  with  the  greatest  economy  and  dispatch,  it 
is  very  desirable  that  the  whole  sum  estimated  as  necessary  should  be 
appropriated  at  once. 

I  am,  general,  very  respectfully,  your  obedient  servant, 

Chas.  E.  SUTEk, 
Major  of  Engineers* 
Brig.  Gen.  H.  G.  Weight, 

Chief  of  Engineers,  U,  8.  A, 


report  of  captain  thomas  h.  handbury,  corps  of  engineers. 

United  States  Engineer  Office, 

Saint  Louis,  Mo,,  January  17,  1880. 

Major  :  In  obedience  to  your  verbal  instructions  received  a  few  days  since,  I  bav* 
the  honor  to  submit  the  following  plan  and  report  thereon  for  improving  the  naviga- 
tion of  the  Arkansas  River,  in  the  vicinity  of  Pine  Bluff,  Ark. : 

The  town  of  Pine  Bluff  is  situated  upon  the  right  bank  of  the  Arkansas  River,  about 
172  mUes  by  water  from  its  mouth. 
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It  is  the  center  of  a  large  agricultural  trade,  and  the  point  firom  which  the  cotton 
rodact  of  this  section  is  shipped  to  the  markets. 

The  Arkansas  River,  in  its  lower  reaches,  flows  through  soft  alluyial  bottom  land, 
hich  it  has  probably  transported  from  its  upper  regions.  It  belongs  essentially  to 
le  sediment- bearing  class  of  rivers,  and,  like  all  of  these,  is  constantly  changing  ita 
id.  and  channels. 

As  we  study  the  effect  of  these  changes  upon  navigation,  and  upon  the  interests 
ong  the  banks,  we  observe  that  they  are  sometimes  beneficial,  but  more  often  detri- 
ental.  In  the  location  that  we  are  now  considering  the  changes  that  have  been 
nng  on  in  recent  years  have  been  of  such  a  nature  as  to  interfere  seriously  with  the 
•osperity  of  various  interests,  and  they  are  still  very  threatening  in  their  character. 
The  town  of  Pine  Bluff  has  suffered  much  from  the  constant  erosion  by  the  river  of 
le  laud  upon  which  it  is  built.  The  upper  stratum  of  this  land,  down  to  perhaps  the 
vel  of  low-water,  is  of  a  tough,  tenacious  nature,  which  withstands  well  the  action 

the  current,  but  beneath  this  there  is  a  stratum  of  quicksand  which  is  readily 
ashed  away  whenever  the  force  of  the  current  is  brought  to  bear  against  it.  Being 
ft  without  support',  the  upper  mass  tumbles  into  the  river  and  in  a  short  time  is  car- 
dd  away,  leaving  the  quioksaud  stratum  again  exposed  and  the  same  process  to  be 
peated. 

In  consequence  of  this  action  much  valuable  property  has  already  disappeared  and 
ill  more  is  in  danger. 

The  water  just  along  the  town  front,  and  for  some  distance  below,  is  deep,  affording 
;  all  stA^es  a  good  navigable  channel.  But,  in  consequence  of  a  very  short  turn 
lat  the  river  is  obliged  to  make  just  above  the  town,  the  velocity  of  the  high-water 
I  checked  and  large  deposits  are  formed.  During  the  low-water  and  medium  stages 
lere  is  not  sufficient  time  for  these  deposits  to  be  removed  by  the  natural  forces  at 
rork ;  consequently  they  materially  interiere  with  the  general  navigation  of  the  river 
t  this  point. 

These  are  evils  that  are  present,  and  in  the  interests  of  the  communities  above  Pine 
ilufi',  as  well  as  at  the  town  itself,  should  be  remedied  without  delay.  Aside  from 
tiese  there  is  one  that  is  prospective  and  threatening  great  danger  to  all  interests  con- 
9med  at  no  very  distant  future  day. 

This,  however,  if  judicious  steps  be  now  taken,  can  be  avoided. 

By  a  glance  at  the  accompanying  map  it  will  be  seen  that  Pine  Bluff  is  situated 
pposit-e  the  apex  of  a  peninsula-like  piece  of  land. 

The  narrow  portion  of  this  is  being  rapidly  eroded  by  the  action  of  the  water  both 
pon  its  upper  and  lower  sides.  A  small  amount  of  funds  judiciously  expended  would 
/Op  these  erosions.  They  should  be  taken  in  hand  at  the  earliest  possible  moment, 
>r  if  allowed  to  go  ou,  a  cut-off  will  take  place  which  will  not  only  greatly  disturb 
tie  regimen  of  the  river  and  impair  its  navigation,  but  will  leave  Pine  Bluff  and  aU 
s  river  interest  4  miles  from  its  steamboat  landing  with  a  high-water  slough  to  cross 
efore  it  is  reached. 

The  river  would  be  shortened  by  this  cut-off  about  10^  miles,  and  its  slope  changed 
rom  ^  of  a  foot  per  mile  to  about  4  feet  per  mile. 

In  its  general  cnaracteristics  the  Lower  Arkansas  River  bears  a  strong  resemblance 
o  the  Misiiouri.  Like  it,  it  flows  through  a  loose  sandy  or  alluvial  bed,  formed  of  the 
laterials  which  it  has  brought  down  from  its  higher  reaches.  Like  it,  it  is  constantly 
rodiug  its  banks  and  shifting  its  channels,  and  like  it,  too,  it  is  constantly  carrying 
lown  large  quantities  of  sediment,  more  or  less  of  which  is  dropped  wherever  there  is 
.  check  in  the  velocity  of  its  current.  It  is  reasonable  to  conclude  that  the  same  prin- 
iples  that  have  been  successfully  applied  to  the  improvement  of  the  navigation  and 
he  amelioration  of  the  evils  arising  from  the  erosions  caused  by  the  one  would  be 
equally  applicable  to  the  other,  and  I  see  no  reason  for  making  any  material  difference 
n  the  practical  application  of  these  principles. 

For  stopping  the  erosions  I  would  recommend  that  the  banks  be  revetted  where  nee- 
«sary  with  a  thin  and  flexible  layer  of  willows  or  brush,  made  into  a  continuous  mat 
>r  blanket ;  this  to  extend  down  the  bank,  which  I  would  first  grade  to  a  slope  of  not 
peater  than  one  on  one  and  one-half,  and  out  along  the  bottom  of  the  river  sufficiently 
ar  to  give  protection  against  any  scour  that  might  affect  the  foot  of  the  bank.  On 
iccount  of  the  tough  and  unyielding  nature  of  the  strata  above  low-water  in  the  local- 
ties  where  revetment  will  be  necessary  in  this  case,  I  do  not  anticipate  that  a  high- 
irater  revetment  will  be  necessary.  The  revetment  need  not  extend  much  above  the 
3rdiuary  low-water  line. 

For  cases  where  it  may  be  desirable  to  change  the  course  of  the  river  somewhat,  I 
would  recommend  some  form  of  structure  that  would  check  the  velocity  of  the  current 
imd  cause  a  deposit  to  take  place,  which  would  deflect  the  water  in  the  desired  direc- 
tion. Either  tne  ^^stifi'-brush'' dike,  the  floating  dike  liiade  with  an  assemblage  of 
'^  weeds,''  the  willow  or  the  wire  curtain,  might  be  used  for  this  as  the  occasion  might 
demand  and  expediency  suggest. 
From  our  successful  experience  upon  the  Missouri  River,  and  the  well-known  sedi* 
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ment-bearing  character  of  the  Arkansas,  I  have  no  hesitancy  in  recommending  theie 
methods. 

I  do  not  deem  it  necessary  at  this  time  t'O  go  into  a  detailed  estimate  of  the  cost  of 
works  of  this  character,  or  to  explain  with  much  minuteness  the  probable  effeet  tiut 
they  will  produce. 

It  will  suffice  to  say  that  all  our  experience  with  them  upon  the  Missouri  River  hai 
been  eminently  satisfactory  both  as  regards  expense  and  results  attained. 

For  the  revetment  it  is  safe  to  estimat-e  that  |2.50  per  running  foot  of  shore-line  will 
be  sufficient,  and  for  the  floating  brush  dike  |1  per  running  foot. 

To  solve  the  problem  now  beiore  us,  I  do  not  think  that  at  present  we  need  so  hielMr 
up  the  river  to  commence  our  work  than  about  4,000  feet  above  Cady  Place,  altnongh  al 
some  future  time  it  may  be  found  advisable  to  carry  the  work  into  the  bend  above,  oi 

ferhaps  higher.  This  point  I  have  marked  A  upon  the  accompanying  map.  From  hen 
would  recommend  a  continuous  revetment  downstream  for  about  18,000  feet  to  th* 
point  marked  C.  This  would  prevent  the  further  erosion  of  the  upper  side  of  the  nar- 
row neck  where  the  cut-off  is  threatened,  and  hold  the  point  of  land  opposite  Pine  BM 
Between  B  and  C  I  would  interpose,  perhaps,  three  or  four  brush  dikes,  with  a  viev 
to  deflecting  the  current  to  the  opposite  shore  and  causing  it  to  erode  the  sand-bv 
that  is  there  found  and  increase  the  radius  of  curvature  of  the  bend  in  front  of  tbd 
town.  The  position  and  length  of  these  dikes  are  matters  to  be  determined  by  the  con* 
ditions  existing  at  the  time  their  construction  can  be  commenced.  It  is  not  probsbli 
that  they  will  be  required  to  be  more  than  500  feet  in  length. 

In  the  bend,  as  it  will  be  formed  after  the  dikes  have  produced  their  effect,  aboirt 
6,000  feet  of  the  bank  will  probably  need  revetting;  the  bank  in  the  immediate  front 
oif  the  town,  from  Brump's  Baj-ou  down  to  White's  Bayou,  a  distance  of  about  6, 000 feet, 
is  now  very  much  in  need  of  protection,  and  should  he  revetted  at  once.  Between  tbii 
and  the  lower  side  of  the  narrow  neck  where  the  cut-off  is  threatened  there  is  no  point 
that  needs  especial  attention  at  present. 

From  D  to  E,  a  distance  of  about  6,000  feet,  it  will  be  necessary  to  revet  the  buiL 
This  I  should  put  as  the  limit  of  improvement  in  this  direction  at  present.  At  BonM 
future  day,  when  the  general  problem  of  improving  the  river  throughout  its  whole 
extent  comes  up  for  solution,  the  propriety  oi  extending  these  works  in  either  dire^ 
tion  will  doubtless  receive  consideration. 

The  map  which  accompanies  tiiis  report  is  a  reduced  copy  of  the  one  made  nndei 
your  directions  in  1H79,  by  your  assistant,  J.  H.  Curtis.  It  gives  a  clear  idea  of  the 
condition  of  the  river  at  that  time,  when  the  water  was  at  a  medium  low  stsgei 
Changes  have  undoubtedly  taken  place  since,  and  will  continue  to  do  so  until  the  con- 
templated works  of  improvement  can  arrest  them.  These  may  necessitate  some  modi- 
flcation  in  the  proposed  plan,  which,  under  the  circumstances  of  the  case,  can  be  done 
to  the  best  advantage  when  the  work  is  about  to  be  commenced  and  as  it  advances. 

The  following  is  the  amount  that  I  estimate  will  be  required  for  carrying  out  the 
plan  of  improvement  above  proposed;  and  I  would  respectfully  suggest  the  propriety 
of  recommending  that  the  whole  amount  of  the  estimate  be  appropriated  at  once;  otbe^ 
wise  the  money  and  time  lost  in  protecting  the  partially  completed  works  from  de- 
struction by  the  river  during  the  intervals  when  funds  are  not  available  willmaie 
the  ultimate  expense  far  exceed  the  present  estimate : 

For  revetting  36,000  feet  of  bank,  at  $2.50  per  foot J^'??5 

For  consti-uctiug  2,000  feet  of  brush  dike,  at$l  perfect 2,000 

For  superintendence  and  contingencies 8>^ 

Total 100,000 

Respectfully  submitted. 

Thos.  H.  Handbury, 

Captainj  Carps  of  EnpMff*- 
Maj.  Charles  R.  Suter, 

Corps  of  EngineerSf  U.  S.  A, 
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nCPBOYEMENT  OP  MISSOURI  BIVEB  ABOVE  THE  MOUTH  OP  THE  YEL- 
LOWSTONE— IMPBOVEMENT  OF  YELLOWSTONE  BIYEB. 


MEPORT  OF  LIEUTENANT  EDWARD  MAOUIRE,  CORPS  OF  ENGINEERS, 
OFFICER  IN  CHARGE,  FOR  THE  FISCAL  TEAR  ENDING  JUNE  30,  1880. 


United  States  Engineeb  Ofpice, 

Saint  Pauly  Minn.y  AtLguat  4, 1880. 

Oenebal  :  I  have  the  honor  to  forward  herewith  my  annual  reports 
for  the  fiscal  year  ending  June  30, 1880,  upon  the  works  of  river  im- 
provements in  my  charge. 

Very  respectfully,  your  obedient  servant, 

Edwd.  Maguibe, 
First  Lieutenant^  Corps  of  Engineers. 

The  Cheep  op  Engineebs,  U.  S.  A. 


R  z. 

« 

IMPBOVEMENT  OF  THE  MISSOURI  RIVER  ABOVE  THE   MOUTH  OF  THE 

YELLOWSTONE. 

The  work  of  improving  the  Missouri  Kiver  above  mouth  of  Yellow- 
etone  may  now  be  considered  as  divided  into  two  distinct  branches,  viz : 
That  to  be  done  upon  the  river  above  the  Great  Falls,  and  the  continu- 
Buce  of  that  on  the  river  below  Benton. 

THE  WORK  BELOW  BENTON. 

On  the  31st  of  July,  1879,  a  force  consisting  of  two  assistant  engineers, 
"two  recorders,  three  overseers,  one  suboverseer,  and  fifty-six  men  left 
Saint  Paul  for  the  scene  of  operations.  It  was  the  intention  to  start 
"work  with  one  party  at  Ejpp's  Rapids,  to  set  another  party  at  work  at 
Oastle  Bluff  Eapids,  and  to  employ  a  third  in  dam-building  at  Grand 
island. 

The  boat  which  carried  the  parties  left  Bismarck  August  2,  but  unfor- 
"tnnately,  having  been  heavily  loaded  and  the  river  having  suddenly 
lallen,  the  journey  was  a  very  slow  and  tedious  one.  Grand  Island  was 
xeached  August  18,  and  one  overseer  and  twenty-one  men  were  put  off 
there.  On  the  morning  of  August  22  the  boat  ran  hartl  aground  at  Bird's 
lUipids,  only  25  miles  above  Grand  IsLand.  It  was  found  necessary  to 
lighten  the  boat,  and  as  there  were  serious  doubts  as  to  the  possibility 
of  reaching  Kipp's  Bapids,  the  party  destined  for  the  latter  place,  con- 
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sisting  of  Assistant  Engineer  Wood,  one  recorder,  one  overseer,  and 
thirteen  men  remained  at  Bird's  Rapids. 

The  boat  was  disabled  below  Dauphin's,  and  did  not  arrive  at  those 
rapids  until  August  26.  The  necessary  prei)arations  in  the  way  of  caulk- 
ing and  repairing  the  boats  were  made  and  work  commenced  August  29. 

The  dam  at  Dauphin's  had  been  somewhat  injured  by  the  ice.  The  ne- 
cessary repairs  were  made  and  the  party  moved  to  Castle  Bluflf  Rapids, 
3J  miles  below,  on  September  4.  To  this  dam  168  cubic  yards  of  stone 
were  added  and  140  cubic  yards,  which  had  been  rolled  below  the  dam 
by  ice,  were  replaced. 

At  the  foot  of  a  gravel  bar,  J  mile  above  Castle  Bluff,  71  cubic  yards 
of  rock  were  taken  out.    The  work  required  thirty-one  blasts. 

At  Castle  Bluff  Rapids  a  channel  100  feet  in  width  wa«  cleared.  With 
the  aid  of  149  blasts  388  cubic  yards  of  rock  were  taken  out.  The  work 
at  this  place  was  completed  October  6,  and  the  party  moved  to  the  lower 
reef  at  Chimney  Bend,  2J  miles  below.  At  this  place  there  was  1^  miles 
of  *'bad  river."  There  are  essentially  two  distinct  reefs  ^  mile  apart. 
The  lower  reef  was  one  of  the  worst  places  on  the  river. 

The  camp  was  moved  to  the  upper  reef  October  18,  and  there  remained 
until  the  close  of  the  season.  At  the  two  reefs  318  cubic  yards  of  rock 
were  removed,  requiring  203  blasts. 

The  party  at  Bird's  Kapids  was  occupied  in  building  the  requisite 
boats  until  September  10,  on  which  date  the  actual  work  was  com- 
menced.   At  the  head  of  these  rapids  is  a  gravel  bar  with  only  2J  feet 
for  a  length  of  200  feet.    It  will  be  necessary  hereafter  to  build  a  dam 
out  from  the  right  bank.    Below  this  bar  for  a  distance  of  2,300  feet 
there  is  a  depth  of  from  3J  to  5J  feet.    A  100-foot  channel  was  cleared 
through  this  portion.    At  the  foot  of  the  rapids  the  water  is  from  4  to 
12  feet  deep.    The  obstmctions  here  were  3  points  of  a  ledge,  over  which 
there  was  from  8  inches  to  3  feet  of  water.    The  first  point  was  8  feet  by 
14  feet,  surrounded  by  water  8  feet  deep.    In  it  five  holes,  5  feet  below 
water  surface,  were  drilled  and  the  blasts  procured  the  required  depth 
of  water  over  it.    The  second  point  wa«  15  feet  by  30  feet,  with  a  sur- 
rounding depth  of  water  of  from  4  to  9  feet.    In  it  seventeen  holes,  with 
a  total  of  52  feet  depth,  were  drilled.    The  bottom  of  the  holes  were  4i 
feet  below  water  surface.    The  blasts  broke  it  up  but  did  not  clear  it 
away  and  the  grabs  had  to  be  used.    The  third  point  was  12  feet  by  ^ 
feet,  with  a  surrounding  depth  of  water  of  from  5  to  9  feet.    Twenty- 
four  pounds  of  Ko.  1  dynamite,  exploded  in  seventeeu  holes  5  feet  below 
water  surface,  cleared  away  the  rock.    These  three  rocks  lay  within  an 
area  of  70  feet  square.    Their  removal  has  secured  a  good  channel  at 
what  was  one  of  the  most  dangerous  places  on  the  river.    By  these 
blasts  63  cubic  yards  of  rock  projecting  above  the  3-foot  level  were 
blown  down.    The  grabs  removed  114  cubic  yards.    The  work  was  com- 
pleted at  this  place  and  operations  commenced  at  Cabin  Rapids,  1 J  mile 
above,  October  8.    At  the  latter  phace  thei^e  were  only  a  few  large 
bowlders,  24  cubic  yards  in  all,  lying  in  from  3J  to  5J  feet  of  water. 
They  were  removed  and  work  commenced  at  Magpie  Rapids  October  14. 
The  water  at  the  latter  place  is  from  5  to  7  feet  deep,  and  it  was  neces- 
sary to  remove  only  the  larger  rocks.    This  was  done  over  a  channel 
length  of  3,000  feet.    The  number  of  cubic  yards  taken  out  was  131  J. 

On  October  23  the  party  moved  to  Lone  Pine  Rapids  and  removed  23 
cubic  yards  of  rocks. 

On  October  25  the  party  moved  to  the  foot  of  Chimney  Bend  and 
worked  for  4  days  on  the  lower  reef. 

At  Grand  Island  the  ice  gorged  on  the  dam  built  in  1878  and  carried 
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away  110  feet  of  the  island  end.  To  repair  the  damage,  431  cubic  yards 
of  stone  and  806  fascines  were  required. 

A  wingdam  950  feet  long,  containing  378  cubic  yards  of  stone,  was 
bnilt  from  the  point  above  Grand  Island. 

The  chute  at  Hammond's  Island  was  closed  by  dam  245  feet  long,  con- 
taining 262  cubic  yards  of  stone  and  580  fascines. 

A  spur-dam  350  feet  long,  containing  218  cubic  yards  of  stone  and  475 
fascines,  was  built  from  the  foot  of  Grand  Island  to  a  gravel  bar  below. 
This  work  was  finished  October  15,  and  the  party  moved  to  Cow  Island 
October  16,  where  it  remained  until  October  24  repairing  and  strength- 
ening the  dams. 

Two  hundred  and  twenty-eight  cubic  yards  of  stone  were  placed  on 
the  upper  and  middle  dams.  The  party  moved  to  Chimney  Bend  on 
October  24. 

The  total  amount  of  work  done  was  as  follows: 

Number  cubic  yards  rocks  taken  out 1, 064^ 

Number  of  blasts ^ 493 

The  above  does  not  include  the  63  cubic  yards  blown  down  at  Birds 
IBapids,  and  there  were  other  blasts  of  the  results  of  which  no  account 
could  be  kept  in  terms  of  cubic  yards. 

Namber  cubic  yards  stone  placed  in  dams 1, 825 

Number  fascines  placed  in  dams •. 1, 861 

A  siu-vey  of  the  river  from  Dauphin's  to  Bird's  Bapids  was  made  dur- 
ing the  season  of  very  low-water. 

The  work  has  been  plotted.  A  map  showing  the  improved  portions 
of  the  river  has  been  photolithographed. 

The  work  of  the  coming  season  will  consist  in  building  a  wing-dam  at 
the  bar  2  miles  below  Dauphiu's,  in  closing  the  right  chute  at  Snake 
Point,  3  miles  above  Cow  Island,  and  in  clearing  the  channel  at  Island 
liapids,  Bear's  Bapids,  and  Gallatin  Bapids.  Assistant  Engineer  Ste- 
vens will  have  charge  of  this  portion  of  the  work. 

In  March  last  I  submitted  to  the  Chief  of  Engineers  a  special  report 
upon  the  improvement  of  the  river  above  the  Great  Falls.  Last  Septem- 
T>er  I  made  a  cursory  examination  of  the  river  by  descending  it  in  a 
mackinac,  but  I  wa^s  subsequently  authorized  to  have  a  detailed  survey 
made;  and  the  accurate  information  thus  obtained  has  led  me  to  modify 
somewhat  my  opinions. 

The  party  engaged  upon  the  survey  consisted  of  three  assistant  engi- 
neers and  twelve  men.  The  work  wa^  commenced  at  Stubbs  Ferry,  12 
miles  from  Helena,  April  9 ;  and  completed  to  the  mouth  of  Sun  Biver 
May  28. 

The  men  were  discharged  in  Helena  May  31.  Messrs.  Stevens  and 
Wood,  assistant  engineers,  arrived  in  Saint  Paul  June  13. 

Owing  to  the  fact  that  preparations  and  estimates  for  the  coming 
season's  work  had  to  be  made  the  maps  of  the  river  above  the  falls  are 
not  complete.    I,  however,  forward  herewith  tracing  of  Bear's  Teeth 
Rapids,  Bear's  Teeth  Shoal,  and  Lone  Pine  or  Half-Breed  Bapids. 
The  amount  of  work  accomplished  was  as  follows : 

Number  of  miles  of  ri  ver 131. 3 

Number  of  miles  developed  shore  line 355. 75 

Number  of  lines  sounded 3,  :i95 

Number  of  soundings  taken 43, 146 

There  were  37J  workings  days,  giving  an  average  daily  progress  of 
3.52  miles.  • 

The  river  bed  is  of  gravel,  the  banks  are  stable,  and  the  shoals,  as  a 
rule,  are  not  bad  or  of  frequent  occurrence.    The  greatest  hinderance  to 
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its  easy  navigation  is  the  rapidity  of  the  current  on  the  rapids.   The 
swiftest  current  observed  was  5  miles  an  hour. 

The  slope  of  the  river  from  Stubbs  Ferry  to  the  foot  of  Bear's  Teeth 
Shoal  is  4.05  feet  per  mile ;  from  the  foot  of  Bear's  Teeth  Shoal  to  Gib- 
son's Ferry  it  is  3.54  feet  per  mile.  The  most  excessive  slopes  are  at 
Bear's  Teeth  Eapids,  Bear's  Teeth  Shoal,  and  Lone  Pine  Hapids,  beiDg, 
respectively,  for  J  mile,  20.4  feet  per  mile ;  for  J  mile,  12.36  feet  per  mile; 
and  for  J  mile,  18.35  feet  per  mile.  I  use  the  name  Lone  Pine  Rapids 
instead  of  Half-Breed  Rapids,  for  the  reason  that  the  former  is  the  old 
Lewis  and  Clark  name,  and  I  can  see  no  good  reason  why  Roberts  should 
have  changed  it. 

Accepting  the  water  of  April  21,  the  lowest  water  observed,  as  low- 
water,  there  are  but  three  places  of  a  less  depth  than  2  J  feet.  Of  th«  se 
the  most  important  is  Bear's  Teeth  Shoal.  Here,  as  will  be  seen  by  the 
tracing,  the  river  is  divided  by  two  islands.  The  bottom  is  of  gravel  and 
of  stones  from  4  to  12  inches  in  diameter.  The  width  of  the  main  chan- 
nel is  500  feet.  The  soundings  show  a  channel  depth  near  the  head  of 
the  lower  island  of  2  feet.  From  about  the  middle  point  of  the  island, 
towards  the  foot,  nature  has  contracted  the  stream  and  a  good  depth  i8 
found. 

Bear's  Teeth  Rapids  has  a  crooked  3-foot  channel  choked  with  rocks. 

Lone  Pine  Rapids  is  a  very  dangerous  place.  An  island  divides  the 
river.  At  the  foot  of  this  island  2  reefs  make  from  the  opposite  banks, 
overlapping  in  the  channel. 

From  Gibson's  Ferry  to  Sun  River,  the  Missouri,  for  the  purpose  of 
such  navigation  as  can  be  accommodated  by  the  river  above,  is  all  that 
can  be  desired.  The  slope,  nearly  uniform,  is  only  0.56'foot  per  mile; 
the  current  is  sluggish,  and  the  channel  is  free  from  snags,  rocks,  and 
sand  bars.  | 

At  a  point  ^  mile  below  Sun  River,  where  the  survey  terminated,  a     | 
series  of  falls  commence,  and  this  point  is  the  foot  of  navigation  on  the 
Missouri  River  above  the  Great  Falls. 

Assistant  Engineer  Wood,  with  one  overseer  and  one  laborer,  will 
leave  Saint  Paul  for  Helena  on  the  20th  instant.  A  party  will  be  or^n- 
ized  in  Helena,  where,  also,  the  lumber  and  subsistence  supplies  will  be 
purchased.  Most. of  the  material  will  be  taken  from  the  depot  at  Chim- 
ney Bend, 

Work  will  be  commenced  at  Bear's  Teeth  Shoal,  where  the  party  will 
construct  the  necessary  dams.    That  work  completed,  the  rocks  wiUb© 
removed  from  Bear's  Teeth  Rapids,  and  at  the  close  of  operations  there 
the  party  will  proceed  to  Lone  Pine  Rapids.    It  is  expected  that  '^^ 
work  will  be  carried  on  until  December  next. 

In  referring  to  the  assistaat  engineers  it  is  only  necessary  to  state  *^^ 
Mr.  H.  E.  Stevens  brought  his  accustomed  energy  and  ability  to  *^S 
upon  the  work  both  in  Held  and  office,  and  that  cretlit  is  due  Mr.  W^*  "^ 
Wooil  for  his  close  attention  to  and  good  execution  of  the  work  assi^^^* 
to  him. 

Money  statement, 

July  I,  1879,  amount  available $52, 279  62 

Amount  appropriated  by  act  approved  June  14,  1880 25,000  00 

r7, 

July  1,  1880,  amount  expemled  during  fiscal  year 30, 389  15 

July  1,  1880,  outstanding  liabilities :J38  59 

30,75 


July  1,  1880,  amount  available    46,55: 

AuMHint  that  can  be  profitably  expended  in  fiscal  year  ending  June  30,  1882.  150,  OOC^ 
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R  2. 

[MPROVEMENT  OF  YELLOWSTONE  RIVER,  MONTANA  AND  DAKOTA. 

Tnder  date  of  December  11,  1879,  I  forwarded  a  special  report  upon 
I  improvement  of  the  Yellowstone  River.  That  report  contained 
irly  all  the  information  to  be  submitted. 

The  oflftce  work  consisted  in  the  plotting  of  the  season's  work  and  in 
king  the  necessary  estimates  for  the  present  season. 
\.ssistant  Engineer  Towar,  with  one  party,  will  be  sent  to  Buffalo 
pids  to  complete  the  improvements  at  that  point. 
\.8sistant  Engineer  Durage  will  be  sent  with  another  party  to  Baker's 
pids  to  remove  the  obstructions,  and  thence  to  Wolf  Eapids  to  clear 
)  channel  at  that  point. 

tfy  thanks  are  due  to  Mr.  F.  M.  Towar,  assistant  engineer,  for  the  ex- 
lent  work  done  by  him  during  the  season. 

Money  statement 

y  1,  1879,  amount  avaUable $25,000  00 

ouut  appropriated  by  act  approved  June  14,  1880 15, 000  00 

$40, 000  00 

y  1/  1880,  amount  expended  during  fiscal  year 10, 40:i  87 

y  1,  1880,  outstanding  liabilities 173  00 

10, 576  87 

y  1,  1880,  amount  available 29,423  13 

ouut  that  can  be  profitably  expended  in  fiscal  year  ending  June  30, 1882.   100, 000  00 


R3. 

SURVEY  OF  THE  YELLOWSTONE  RIVER. 

Jnder  date  of  July  1, 1879,  I  submitted  a  report  upon  the  survey  of 
)  Yellowstone  Eiver.  In  that  report  the  nature  of  the  river  and  its 
iue  as  a  line  of  communication  and  transpof*tation  were  discussed, 
ere  is  but  little  more  to  report  upon  these  points.  The  settlements 
ve  increased  in  number,  aud  the  shipments  of  x)rivate  freight  have  in- 
cased in  value  and  amount. 

A.S  there  was  no  provision  made  for  a  continuance  of  the  survey  during 
3  present  fiscal  year,  a  report  of  the  work  done  during  the  two  seasons 
1878  and  1879  is  submitted. 

The  sum  of  $15,000  of  the  amount  appropriated  for  examinations,  sur- 
rs,  and  contingencies  of  rivers  and  harbors  by  the  act  of  June  18, 1878, 
s  made  available  for  the  survey.  Two  parties,  each  consisting  of  two 
nsit  men,  one  leveler,  one  recorder,  and  fourteen  men,  were  placed  in 
)  field  September  6,  1878,  and  remained  at  work  until  October  27. 
e  party  commenced  work  at  Fort  Keogh,  and  the  other  near  the 
luth  of  Powder  River.  Tbe  total  number  of  days  of  surveying  work 
s  33,  and  the  work  accomplished  in  that  time  was — 

es  of  river 145^ 

ea  of  developed  shore  line 527 

silver  of  soundings 59,731 

aiber  of  sounding  lines    3, 056 

tuWr  of  sets  of  azimuth  observations 24 

mber  of  sets  of  gaugings 3 

)n  November  5  all  of  the  men,  with  the  exception  of  three  assistant 
anneers,  w^ere  discharged.    The  latter  were  retained  until  the  close  of 
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tlie  fiscal  year  to  plot  the  season's  work.  A  map  of  the  river  in  42 
sheets,  on  a  scale  of  9-0V0?  with  index  sheet,  was  forwarded  to  the  Chief 
of  Engineers  and  photolithographed.  A  map  in  16  sheets  on  a  scale  of 
■^^QQ  was  made  for  use  in  this  office. 

The  sun?  of  $4,000  of  the  amount  appropriated  by  the  act  of  March  3, 
1879,  was  made  available  for  continuing  the  survey. 

On  July  31,  1879,  a  party,  consisting  of  Assistant  Engineer  Lightner, 
one  leveler,  and  nine  men,  left  Saint  Paul  for  Terry's  Landing,  where  it 
arrived  August  11.  The  field  work  was  commenced  August  15,  and  con- 
tinued until  October  16  with  little  interrujition,  the  weather  having 
proved  favorable  to  the  progress  of  the  work. 

There  were  51  actual  working  days,  in  which  time  the  following  work 
was  accomplished: 

Miles  of  river 111.2 

Miles  of  developed  shore  line 3W 

Number  of  sounding  lines 1,656 

Number  of  soundings 30,331 

Number  of  sets  of  azimnth  observations 14 

Number  of  sets  of  gaugings 3 

The  azimuth  was  carried  from  station  to  station  by  both  chain  and 
stadia  lines.  The  stadia  work,  which  was  plotted  in  the  field,  was  closely 
checked  by  the  chain  line.  The  level  line  was  run  close  to  the  edge  of 
the  water,  and  the  level  of  the  water  surface  taken  at  points  about  700 
feet  apart. 

The  stretch  of  river  surveyed  during  1879  extends  from  Junction  City 
(a  small  village  1  mile  above  Terry's  Landing)  to  Fort  Keogh,  and  the 
connection  with  the  previous  season's  work  was  made  at  this  latter  point. 

The  men,  with  the  exception  of  Assistant  Engineer  Lightner,  were 
discharged  in  Saint  Paul  October  26.  The  latter  was  retained  until 
April  15,  when  the  appropriation  having  become  exhausted  he  was  dis- 
charged. 

The  oflBce  work  during  the  year  co^isisted  of  the  necessary  computa- 
tions and  plotting.  A  map  of  the  river  in  31  sheets  on  a  scale  of  g-gVo? 
with  index  sheet,  is  forwarded  herewith.  A  map  in  10  sheets  on  a  scale 
of  4-gVx)  for  use  in  this  oflQce  is  in  progress,  and  is  nearly  completed. 

During  the  two  seasons  the  following  work  has  been  accomplished: 

Miles  of  river  survey  ed .• 256. 45 

Miles  of  developed  shore  line    910 

Number  of  sounding  lines 4,712 

Number  of  soundings 90,0di 

Number  of  sets  of  azimuth  observations ^ 

Number  of  sets  of  gaugings 5 

Daily  progress  of  miles  ofriver : 3. 05 

The  following  are  the  results  of  the  gauging : 
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MouthofBij:  Horn,  August,  1879  (Big  Horn,  5,865;  Yellowstone,  7,471) 13,33«  l*? 

At  Fort  Keogh,  S«'pt«^mb«r.  1878 U,462  1  fj 

At  Fort  Keogh,  (Xtober,  1870 6,505  0.15 

At  Woll  Rjipids.  S»ptvml>or,  1878 11,235  L« 

At  Diainoud  Island,  October,  1878 8,155 
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)  following  table  gives  the  distances,  fall,  and  rate  of  fall  per  mile 
>  Yellowstone : 


Sketch  of  river. 


1  City  to  inouth  of  Big  Horn  Kiver 

•f  Big  Horn  to  head  of  shoal  below  EtchetAh 

to  foot  of  Rhoai  below  £tchetah 

to  head  of  Tb(»ii8;iii<l  Ih1i>8  Shoals 

to  foot  of  Thousand  Isles  Shoals 

to  hea*l  of  Earl's  liapids 

to  foot  of  Karl's  Kiipids  

to  head  of  shoal  below  Allston's  Rauche 

to  foot  of  shoal  below  Allston's  Rancho 

to  head  of  shoal  below  Alkali  Creek 

to  foot  of  shoal  below  Alkali  Creek     

to  hea4l  of  shoal  above  mouth  of  Froze- to- Death  Creek 
to  foot  ofshoal  above  mouth  of  Froze-to- Death  Creek 

to  head  of  shoal  at  Fn>ze-to- Death  Creek  Statiou  

to  head  of  Rosebud  Island 

to  foot  of  Rosebud  Island 

k»  foot  of  Brisbur's  Island 

to  head  of  Avenue  Island  Shoals   

to  foot  of  Avenue  Island  Shoals 

to  head  of  first  shoal  below  Big  Porcunlne  Creek 

:o  foot  of  first  shoal  below  Big  Porcupine  Creek 

to  head  of  second  shoal  below  Big  Porcupin»i  Creek  . . 
to  foot  of  second  shoal  below  Big  Porcupine  Creek  — 

to  head  of  third  shoal  l»elow  Big  Porcupine  Creek 

to  foot  of  third  shoal  below  Big  Porcupine  Creek 

to  head  of  shoal  opposite  to  Basket  Butte 

to  foot  of  shoal  opposite  to  Basket  Butte    

:o  head  of  isliind  alMive  Rosebud  telegraph  station 

to  foot  of  shoal  near  Ash  ('reek , 

4)  head  of  shoal  below  Rosebud  telegranh  station    

o  foot  of  shoal  below  Rosebud  t^degrapn  station    

/o  hea<l  of  shoal  and  rapids  below  Rosebud  Creek 

4>  foot  of  shoal  and  i  aplds  below  Rosebud  Creek 

:o  head  of  f>hoaI  above  Sand  Creek 

o  foot  of  shonl  above  S;ind  Creek      ' . . 

o  head  of  first  shoal  Udow  Sand  Creek 

o  f»K)t  of  first  shoal  below  Sand  Creek 

o  head  of  second  shoal  Im'Iow  Sand  Creek  

o  foot  of  second  shoal  l»elo w  Sand  Creek    

o  head  of  shoals  and  ra^)id8  above  Custer  Blnfi^s 

o  foot  of  shoals  and  rapids  aliove  Custer  Bluffs    

o  bead  of  shoal  at  Benteen's  Island    

o  foot  of  shoal  at  B<*nteen's  Island  

o  head  of  shoal  at  Kellogg's  Creek. 

o  foot  of  shoal  at  Kellogg's  Creek 


•••«•• 


o  head  of  shoal  above  tflegraph  crossing  above  Fort  Keogh 

o  foot  of  shoal  above  telegi-aph  croasing  alwve  Fort  Keogh 

o  head  of  shoal  at  ferry  crossing  at  Fort  Keogh 

o  foot  of  shoal  at  feiTV  crossing  at  Fort  Keogh    

o  old  ferry  crossing  atx) ve  mouth  of  Tongue  River 

o  ferry  at  Keogh  to  head  of  Bufi'.tlo  R^inids 

mm  head  of  BnflTilo  Rapids  to  foot  of  Butfailo  Rapids 

rom  foot  of  Bulfalo  Rapids  to  head  of  Baker's  Rapids 

rom  head  of  Biker's  Rapids  to  foot  of  Baker's  Rapids 

rora  foot  of  Baker's  Rapid  to  head  of  Wolf  Rapids  

rom  head  of  Wolf  Riipids  t«)  foot  of  Wolf  Ranids 

rora  ftntt  of  W(df  Rapids  td  head  of  McE  wen  s  Rapids 

rom  liead  of  Mc.Kw(>n's  liapids  to  foot  of  McEwen's  Rapids 

rom  foot  of  McEwi-n's  Rai>ids  to  :i(H)  feet  below  hca<l  of  White 

Apids  

rom  300  feet  below  head  of  White  Sand  Rapids  to  foot  of  Whit<> 

apids 

rem  foot  of  White  Sand  lUpids  to  head  of  De  Russy's  Rapids 

rom  head  of  De  Russy's  Ra]iids  to  f<M)t  of  De  Russy's  Rapids      .. 
rom  foot  of  De  Kussy's  Rapids  to  !>30  feet  below  head  or  Walk- 

uid  Sho.il 

•om  930  feet  below  head  of  Walker's  Island  Shoal  to   foot  of 

-'s  Island  Shoal ...         

rora  foot  of  Walker's  Isl.iud  Shoal  to  heml  of  Monroe  Rapids 

•om  head  of  Monroe  Rapids  to  foot  of  Mtmroe  Rapids 

mm  foot  of  Monroe  Rapids  to  heail  of  Reno's  B«'nd 

rom  head  of  Reno's  Bend  t4»  foot  of  Reno's  Bend 

lira  f'Kit  of  Reno's  I{4'nd  to  head  of  lU^ef  Slough 

•oni  head  of  Beef  Slough  to  f«>ot  of  Beef  Slough  

rom  foot  of  Beef  Slough  to  f«»ot  of  Diamond  Inland 

a1 250.4566     811.37 
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R  4. 
EXAMINATION  AND  SURVEY  OF  CHEYENNE  RIVER. 

The  Cheyenne  River  has  two  main  branches,  the  South  Fork  and  the 
North  Fork  or  Belle  Fonrche.  These  streams  have  their  sources  west 
of,  and  inclovse,  the  territory  known  as  the  Black  Hills.  The  former 
drains  the  southwestern,  southern,  and  southeastern;  the  latter,  the 
northwestern,  northern,  and  northeastern  slopes  of  the  hills.  Warren 
says :  "  These  forks  are  supplied  by  numerous  streams  from  the  mount 
ains,  and  they  unite  in  about  longitude  102^  20',  the  river  flowing  into 
the  Missouri  in  latitude  44°  48'.'' 

The  Belle  Fourche,  at  the  crossing  of  the  Bismarck  and  Fort  Meade 
stage  route  is  a  swift,  clear  stream  about  1  loot  in  depth  and  with  a 
gravel  bed. 

Raynolds  crossed  the  same  stream  at  another  point,  and  describes  it 
as  follows: 

The  river  here  is  a  clear,  beautiful  stream  about  30  yanls  in  width  and  2  feet  deep, 
flowing  over  a  stony  or  gravel  bottom. 

Ludlow  refers  to  his  two  crossings  of  the  stream  as  follows: 

The  Belle  Fourche  or  North  Fork  of  the  Cheyenne  has  a  rapid  current  in  a  shaly  bed 
30  feet  to  50  feet  wide  and  from  1  foot  to  4  feet  deep.  We  found  the  Belle  Fourche 
where  crossed,  to  be  a  rapid  stream  in  a  shaly  and  gravelly  bed  80  feet  wide  and  a  foot 
deep. 

.  In  reference  to  the  South  Fork,  Ludlow  describes  the  river  at  the  i)oiiit 
where  he  struck  it,  100  miles  south  of  Madden's  Crossing,  as  follows: 

We  fonnd  it  a  shallow  stream^  with  a  flat  stony  and  sandy  bed  about  30  feet  wide 
and  5  inches  deep,  though  evidently  much  broader  in  wet  seasons. 

The  South  Fork,  from  Madden's  Crossing  (25  miles  south  of  the  con- 
fluence to  its  junction  with  the  Belle  Fourcbe),  is,  with  the  exception  of 
a  few  rapids,  a  lazily-running  stream  with  an  average  depth  of  18  inches. 
The  water  is  muddy  and  the  bed  sandy. 

At  the  junction  the  Belle  Fourche  runs  slowly,  with  a  deep  chaiinel, 
the  South  Fork  shooting  down  over  rapids.  The  water  of  the  latter  is 
muddy  aHd  alkaline,  that  of  the  former  clear,  saline,  and  of  a  pale  green 
color.  They  each  discharge  about  the  same  quantity  of  water.  From 
the  "  forks ^  to  its  mouth  the  Cheyenne  presents  the  usual  character- 
istics of  the  Northwestern  rivers.  Its  course  is  tortuous,  impinging  on 
steep  bluffs  alternately  on  the  right  and  left.  The  bottom-lands  varj' 
in  length  from  3  to  10  miles,  the  greatest  width  being  1^  miles.  It  is 
exceptional  to  find  ''  the  bench,''  the  bottom  lands  extending  generally 
to  the  base  of  the  prairie  bluffs.  The  banks  are  lined  with  willows  for 
a  width  of  about  100  to  200  feet,  backed  by  heavy  timber  interspersed 
with  brush  and  berry  and  plum  bushes.  From  the  outskirts  of  the  tim- 
ber to  the  bluffs  the  open  bottoms  are  clothed  with  fine  grass. 

The  high-water  bed  is  from  400  to  1,200  feet  wide.  The  stream,  at 
low-water  stage,  is  from  100  to  130  feet  broad.  Near  its  mouth  it  attains 
a  width  of  from  180  to  200  feet.  The  average  depth  of  the  channel  is 
2.5,  but  for  a  width  of  only  15  to  20  feet.  Many  rocky  bars  are  encoun- 
tered with  a  depth  of  only  6  to  8  inches,  and  a  fall  of  2  to  3  feet  in 
a  hundred.  At  the  lower  end  snags  are  to  be  found  in  places  obstruct- 
ing the  channel.  There  are  many  high-water  islands,  but  only  two  low- 
water  islands.  One  of  the  latter  is  only  about  500  feet  long  and  60  to 
70  feet  wide;  the  other  is  about  a  mile  long  and  of  1,800  feet  greatest 
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ith.  The  maiu  channel  at  this  island  is  from  50  to  60  feet  wide,  and 
the  upper  end  of  the  island  2  feet  deep. 

The  average  velocity  of  the  current  at  low- water  stage  is,  exclusive  of 
pids,  about  2  inches  per  hour. 

The  bed  is  gravelly.  At  only  a  few  points,  the  forks  and  at  the 
duths  of  creeks,  is  mud  to  be  found.  At  the  water's  edge  the  banks 
•e  sandy. 

Excessive  floods  would  appear  to  be  exceptional,  but  few  places  show- 
ig  signs  of  the  stream  having  overstepped  its  boundaries  and  en- 
'oached  upon  the  bottom.  Usually  the  floods  due  to  melting  masses 
r  snow  in  the  Black  Hills  commence  about  April  and  last  about  two 
lonths. 

Id  1878  the  flopd  commenced  about  April  24,  and  the  stream  rose  and 
11  alternately  for  about  four  months.  Another  small  rise  occurred  at 
e  end  of  September  of  the  same  year.  Indians  have  seen  the  stream 
a  stage  when  the  water  extended  from  bluff*  to  bluff.  The  average 
ipth  at  high-water  stage  is  about  10  to  12  feet. 

Of  the  twenty-eight  creeks  tributary  to  the  Cheyenne  only  ten  dis- 
aged  water  at  the  time  the  survey  was  made,  and  these  supplied  but 
jmall  amount.  All  of  the  streams  are  strongly  alkaline.  The  bottoms 
e  fertile  and  well  adapted  to  agricultural  purposes.  The  region  is  well 
[)cked  with  game  of  many  varieties. 

HISTORY   OF  THE  WORK. 

The  river  and  harbor  act  approved  March  3,  1879,  provided  for  an  ex- 
lination  or  survey'  of  the  Cheyenne  River.  Having  been  placed  in 
arge  of  the  work  a  project  was  submitted  to  the  Chief  of  Engineers, 
d  upon  its  approval  the  sum  of  $1,000  was  made  available  for  the  pur- 
'Se. 

A  party,  consisting  of  one  assistant  engineer,  one  recorder,  and  two 
Iwrers,  was  sent  from  Saint  Paul  August  20, 1879,  to  Fort  Meade,  Da- 
>ta  Territory;  Capt.  Leslie  Smith's  Company  of  the  First  Infantry  was 
tailed  as  escort.  The  necessary  subsistence  sup[)lies  having  been 
irchased  and  the  outfit  obtained  from  the  post  quartermaster  of  Fort 
ea<le,  the  party  started  for  Madden's  Crossing  August  28,  1879,  arriv- 
g  there  August  28,  having  traveled  a  distance  of  66.16  miles.  The 
rks  were  reached  August  30.  The  detailed  survey  was  commenced 
this  i>oint  on  September  1  and  finished  September  15.  The  work  was 
)ne  by  stadia  readings  checked  by  azimuth  and  sextant  observations. 
tie  levels  were  computed  from  aneroid  barometer  readings.  In  addi- 
3n,  odometers  were  attached  to  the  escort  wagon  which  traveled  in  the 
>ttom-lauds.  I  would  here  state  that  great  credit  is  due  Mr.  J.  J. 
urage,  assistant  engineer,  for  the  excellent  and  rapid  work  which  he 
.compiished  in  the  face  of  many  hardships  and  difficulties.  The  party 
orked  on  an  average  18  hours  out  of  every  24. 
The  following  is  a  summary  of  the  work  done : 

imber  of  lines  sounded 2,130 

imber  of  soundings  taken 16, 680 

lies  of  river  surveyed 115.72 

lies  of  developed  shore  line 287. 44 

rerage  daily  progress  in  miles 7. 7 

imber  of  azimuth  stations 13 

dl  in  feet  from  forks  to  mouth 715 

scbarge  in  cubic  feet  per  second 375. 11 

The  party  am  ved  in  Saint  Paul  September  23,  when  all  were  disdiarged 
ith  the  exception  of  the  assistant  engineer,  who  was  retained  to  plot 
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the  notes  until  November  22,  when  the  appropriation  having  become  ex- 
hausted he  was  discharged.  He  enlisted  as  topographical  assistant  at 
headquarters  Department  Dakota  and  continued  the  work  on  the  maps, 
but  owing  to  the  many  interruptions  due  to  calls  for  department  work 
the  maps  are  not  yet  finished.  I,  however,  forward  herewith  tracings  of 
11  characteristic  sketches  of  the  stream  with  cross-sections. 

Upon  inspection  of  these  cross-sections,  it  will  be  seen  that  there  is 
hardly  a  row-boat  stagt^  of  water,  to  say  nothing  of  steamboats. 

It  is  my  opinion  that  the  Big  Cheyenne  must  be  classed  as  a  creek 
and  not  as  a  river;  that  it  is  not  navigable  and  tbat  any  attempt  to 
remier  it  so  would  prove  to  be  an  experiment  so  costly  that  the  benefits 
to  be  derived  would  be  wholly  incommensurate  with  tbe  outlay. 

I  have  learned  casually  tbat  two  railroads  are  now  being  pushed  to- 
wards the  Black  Hills.  I  can  learn  nothing  definite,  as  the  authorities 
of  the  roads  are  very  reticent,  but  it  is  a  well-understood  fact  that  the 
Black  Hills  will  soon  be  connected  with  the  East  by  rail  communication, 
and  the  Cheyenne  could  never  compete  for  the  transportation. 

Therefore  I  would  respectfully  recommend  that  no  appropriation  fbr 
improving  the  Big  Cheyenne  Eiver  be  asked  for. 

My  thanks  are  due  to  Capt.  Leslie  Smith,  First  Infantry,  now  major, 
Second  Infantry,  for  his  assistance  and  courtsey. 
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OrPROVElffENT  OF  THE  NAVIGATION  OF  THE  MISSISSIPPI  RIVER  BE- 
TWEEN SAINT  PAUL  AND  THE  MOUTH  OF  THE  ILLINOIS,  INCLUDING 
IMPROVEMENTS  AT  SPECIAL  LOCALITIES  BETWEEN  THOSE  POINTS 


IMPROVEMENT     OF     GALENA    RIVER     AND     HARBOR,    ILLINOIS — IM- 
PROVEMENT OF   CUIVRE  RIVER,   MISSOURI. 


report  of  captain  alexander  mackenzie,  corps  of  engineers, 
officer  in  charge,  for  the  fiscal  year  ending  june  30,  1880, 
with  other  documents  relating  to  the  works. 

United  States  Engineer  Office, 

Mock  Inland,  111.,  July  7,  1880. 

General  :  1  have  the  honor  to  transmit  herewith  the  annual  reports 
of  operations  under  my  charge  during  the  fiscal  year  ending  June  30, 
1880. 

Very  respectfully,  your  obedient  servant, 

A.  Mackenzie, 


The  Chief  of  Engineers,  U.  S.  A. 


Captain  of  Engineers. 


S  I. 

OPERATIONS  OF  SNAG-BOAT    IN   IMPROVEMENT   OF   UPPER    MISSISSIPPI 

RIVER. 

Under  this  head  of  appropriation  is  operated  the  snag  and  dredge  boat 
General  Barnard,  whose  district  extends  from  Saint  Paul  to  the  mouth 
of  Missouri  River,  a  distance  of  714  miles.  The  very  complete  appended 
report  of  Assistant  Engineer  C.  W.  Durham  gives  in  detail  tlie  work 
of  the  last  fiscal  year,  river  notes  of  interest,  a  general  description  of 
the  work  of  the  snag-boat,  past  and  prospective,  and  statistics  of  com- 
merce and  navigation. 

The  assistance,  rendered  to  navigation  by  this  boat  is  very  great,  and 
the  reliable  information  continually  collected  without  additional  expense 
is  invaluable  in  connection  with  a  proper  system  of  river  improvement. 

Although  the  General  Barnard  is  admirably  ada])ted  to  the  heavier 
portion  of  the  work  of  this  district,  and  is  needed  for  the  removal  of 
the  largest  snags  and  obstructions,  a  number  of  which  make  their  ap- 
pearance each  year,  yet  its  draught  is  too  great  for  use  on  the  extreme 
upper  river  during  low  stages.  The  heavy  work  required  of  this  boat 
can  be  finished  in  a  short  time  each  year,  and  for  the  remainder  of  the 
season  a  light-draught  stem-wheel  boat,  available  for  use  in  very  low 
water  on  extreme  upper  as  well  as  lower  part  of  the  district,  would  be 


1482     REPORT   OF    THE   CHIEF   OF   ENGINEERS,    U.    8.    ARMY. 

much  more  efficient  and  economical.  A  boat  of  this  description  would 
€08t  about  $15,000,  but  it  would  not  increase  the  annual  expense  now  at- 
tending the  operation  of  the  snag-boat  in  this  district,  and  its  use  as  a 
tow-boat  when  not  employed  snagging  or  dredging  would  deCTease  tiie 
cost  attending  the  charter  of  boats  in  connection  with  the  various  works 
of  improvement. 

An  appropriation  of  $25,000  for  operating  expenses  during  fiscal  year 
ending  June  30,  1882,  is  respectfully  asked  for,  and  this  amount  cannot 
be  materially  reduced  without  impairing  the  efficiency  of  the  boat;  and 
for  constructing  a  light-draught  stern-wheel  boat  to  act  in  connection 
with  the  General  Barnard j  and  especially  in  low- water  seasons,  $15,000 
additional  is  requested. 

APPROPRIATIONS. 

There  have  been  appropriated  for  improving  Upper  Mississippi  River 
the  following  amounts : 

By  act  approved  March  2,  1867 $96,000 

By  allotmeut  from  appropriation  of  July  25, 1868 26, 000 

By  act  appro  vcdJnly  11,  1870 36,000 

By  act  approved  March  3,  1871 42,000 

By  act  approved  June  10,  1872 42, 000 

Bv  act  approved  March  3,  1873 25,000 

By  act  approved  Juno  23,  1874 25,000 

By  act  approved  March  3,  1875 25, 000 

By  act  approved  August  14,  1876 30,  OOO 

By  act  approved  June  18,  1878 41, 500 

Bv  act  ai»J>rove<l  March  3,  1H79 2O,0O0 

By  act  approved  June  14,  1880 8,000 

Total 416,500 

Money  statement 

July  1,  1879,  amount  available $17, 707  78 

Amount  appropriated  by  act  approved  June  14,  1880 8,  (»00  00 

125,707  78 

July  1,  1880,  amount  expended  during  fiscal  year 13, 867  26 

July  1,  1880,  amount  available 11,840  58 

Amount  that  can  be  profitably  expended  in  fiscal  year  ending  June  30, 1882.     40, 000  00 


report  of  mr.  c.  w.  durham,  assistant  engineer. 

United  States  Engineer  Office, 

Bock  Island,  Illy  July  1, 1890. 

Captain  :  I  have  the  honor  to  present  my  annual  report  on  improving  Upper  Mis- 
sissippi River  for  the  fiscal  year  endiqg  June  30,  1880,  together  with  some  statistics 
of  commerce  and  navigation. 

OPERATIONS  OF  THE   UNITED   STATES    SNAG  AND  DREDGE    BOAT    GENERAL    BARNAKD- 

The  operations  of  the  General  Barnard  in  1879,  prior  to  July  1,  have  already  been 
reported  to  your  predecessor,  Maj.  F.  U.  Farquhar,  Corps  of  Engineers.  From  th** 
time  to  October  16  she  was  employed  as  heretofore  between  Saint  Paul  and  the  mootn 
of  the  Missouri  River,  in  removing  snags,  impending  trees,  wrecks,  &c.,  dredgip^j 
assisting  steamboats,  establishing  water-gauges,  buoys,  and  channel  marks,  making 
surveys  and  reconnaissances,  transporting  government  pro|>erty,  and  rendering  occa- 
sional service  to  the  works  of  peimanont  improvement.  From  October  16  to  20,  a  p^*'* 
tion  of  the  crew  was  engaged  in  laying  her  up  in  winter  quarters  at  Quincy,  111. 
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Diing  the  season  noteworthy  service  was  performed  at  several  localities,  aniouff 
eh  may  be  mentioned  the  removal  of  snags  at  or  near  Warsaw,  Oquawka,  Gil- 
's Chnte,  Armstrong  Island,  Slim  Island,  Westport  Chute,  Missouri  Point,  Turn- 
Landing,  Fox  River,  Missouri  River,  Cassville  Slough,  and  Prescott,  and  also  of 
cks  at  Buffalo  and  Cincinnati  Landing. 

♦UMMARY   OF   OPEKATIONS  OF   STEAMER  GENERAL  BARNARD,    SEASON  OF   1879. 


^  removed f>47 

cks  removed 3 

ling  trees  pulled  back 122 

ling  trees  felled 4, 421 


rs  placed 


3 


A^ing,  days 6 

uboats  assisted  and  pulled  off  bars 18 

5r-gauge«  established 1 

inel-marks  established 6 

*run 7,167 

e  General  Barnard^  in  charge  of  the  Mississippi  River  Commission,  also  made  a 
of  inspection  to  New  Orleans  and  the  jetties,  leaving  Quiucy  on  November  12, 
•etumiug  to  Saint  Louis  December  15.  On  account  ot  the  great  amount  of  float- 
ice  in  the  river  and  the  severity  of  the  weather,  it  was  found  impracticable  to 
1)  her  to  Quincy,  and  nhe  was  accordingly  laid  up  at  Bushburg,  Mo.,  some  25 
i  below  Saint  Louis,  on  December  IG.  In  making  this  trip  she  ran  3,153  miles, 
ior  to  starting  from  Saint  Louis  on  the  above-mentioned  cruise,  the  Barnard  ran 
fi  to  Carondelet,  raiseil  a  sunken  steam  launch  belonging  to  the  government,  and 
led  the  United  Stat^^s  Coast  Survey  Reamer  Hitchcock  from  a  very  perilous  posi- 
ou  the  piling  at  Horsetail  Bar. 

re  follows  a  summary  of  operations  from  1877  to  1879,  inclusive ;  a  summary  from 
the  year  in  which  the  work  was  initiated,  to  1876,  is  published  in  report  of  Chief 
Dgineers  for  1877,  part  1,  page  527. 

Summary  of  anag  and  dredge  boat  operations  from  1877  to  1879,  inclusive. 


I  of  1877. 
tana. 


of  1878. 
tana. 


of  1879. 
ral  Bar- 


'9 

i 


94 


a 


X 

as 


'9 
S  • 

eS  C 

■  a 


i      I 


o 
S 

OD 


6,526 


152       3, 980 


18    '    4,482 


4,997 


547 


4,543 


6 


18 


7,167 


Also  established  150  islaud  numbers.  10 
chaDnel  marks,  2  water-gauges,  ana  45 
bench-marks.  Made  4^  miles  of  hydro- 
graphic  surveys. 

Also  established  2  channel-marks,  28 
water-gauges,  29  bench-marks.  Kock 
removed  m>m  channel,  23  cubic  yards ; 
rock  put  in  dams,  85  cubic  yards.  Made 
12  miles  hydrogi*aphic  survey.  Bar- 
nard built  in  winter. 

EstablislitHl  3  buoys  and  6  channel-marks. 
Ran  3,153  additional  miles  with  Missis 
sippi  Kivor  Commission. 


•ing  March,  1880,  the  (ieneral  Barnard  was  brought  from  Bushburg,  Mo.,  to  Rock 
I,  and  having  been  re]>ainted  and  thoroughly  repaired,  is  now  ready  for  service. 


RIVER   NOTES. 


ing  the  spring  of  1879,  the  river  from  Saint  Paul  to  the  mouth  of  the  Illinois 
nea  at  very  low  stage  as  it  had  been  during  the  winter,  but  owing  to  the  scour  on 
efo  incidental  to  protracted  low-water,  the  channel  was  well  detined  and  little 
le  was  experienced  from  stranding  except  at  Gilljcrt's  Inland.  A  small  rinc  oc- 
1  in  the  latter  part  of  May,  the  river  falling  again  in  June.     About  July  1  another 
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rise  began^  and  during  this  month  the  river  was  at  an  excellent  boating  stage.  From 
Angust  1  to  the  end  of  the  season  the  water  continued  very  low  and  navij^ation 
was  much  impeded.  The  large  side-wheel  packets  were  laid  up  and  their  plac^  sup- 
plied by  stem-wheel  boat«  of  very  light  draught,  and  most  of  these  could  go  no  farther 
up  the  river  than  Red  Wing.     Even  the  small  steamboats  used  for  rafting  experienced 

g*eat  difficulty  in  reaching  their  destinations  and  some  of  these  were  compelled  to  lay  up. 
uring  the  spring  and  summer  of  1880  up  to  the  time  of  writing  the  stage  of  water 
in  the  river  lias  continued  very  favorable  to  navigation.  I  give  a  list  of  channel 
depths  dn  some  of  the  worst  bars  at  the  low-water  periods  of  1879 :  Prescott,  1  foot  6 
inches ;  Smith's,  2  feet  6  inches ;  Head  of  Lake  Pepin,  3  feet ;  Wabasha,  2  feet  8  inches; 
Crat's,  3  feet;  Beef  Slough,  2  feet  8  inches;  La  Crosse,  3  feet;  Cassville  Sloagh,  3 
feet;  Bellevue,  2  feet  9  inches ;  Warsaw,  4  feet  6  inches;  Gregory's,  4  feet  6  inches; 
Quincy,  4  feet ;  Gilbert's  Islaud,  3  feet  6  inches ;  Slim  Island,  4  feet  6  inches ;  West- 
port  Chute,  4  feet  6  inches. 

The  following  table  shows  an  observed  channel  depth  on  the  worst  bars  in  different 
seasons,  and  the  stajje  of  the  river  at  the  time  of  the  observation,  from  which  we 
estimate  and  give  the  theoretical  depth  at  extreme  low- water.  The  actual  depth  at 
low  water  would  be  generally  somewhat  greater  than  the  depth  given,  owing  to  the 
scour  on  the  reefs  which  takes  place  when  the  water  reaches  a  very  low  stage ; 


Year. 


Localltv. 


1874 Frenchman's 

1878 do 

1866 Pig'sEve.... 

1874 


1878 

1866 1  kaposia  .......... 

1874 do   

1878 do 

1886 Newport 

1877 do   

1878 do 

1866 Ninineer  Slough. . 

1877 do 

1878 do   

1866 .*. . .    Pre«cott 

1874 do 

1877 do 

1878 do 

1877 Smith's 

1878 do 

1879 Smith 's  (summer) 

1879 Smith's  (fall)    .... 

1877 Diamond  Bluff. . . . 

1878 do   

1866 Head  Lake  Pepin 

1874 do  

1878 do 

1866 V Beef  Slough 

1874 do   

1877 do 

1879 do   

1866 Mount  Vernon  ... 

1874 do 

1877 do 

1878 do 

1877 Chimney  Rock  . . . 

1877 RoUingstone " 

1866 Bet.sv  Slough 

1874 .^U) 

1877 ' do 

1878 do   

1806 Winona 

1877 do 

1878 do 

1879 do  ' 

1866 Queen's  Bluff 

1877 do 

1878 do 
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Feet. 

Feet. 

Fett. 

7.8 

5.9 

1.9 

2.4 

1.4 

1.0 

3.2 

2.0 

1.2 

5.7 

4.4 

1.3 

7.4 

3.4 

4.0 

After  improvement. 

3.2 

2.0 

1.2 

6.3 

5.3 

1.0 

5.4 

3.4 

2.0 

4.0 

3.0 

1.0 

2.8 

0.8 

2.0 

5.3 

3.4 

1.9 

4.0 

3.0 

1.0 

5.0 

1.3 

3.7 

After  improvement. 

7.7 

4.0 

3.7 

Do. 

4.4 

3.0 

1.4 

6.2 

4.5 

1.7 

3.0 

1.3 

1.7 

6.5 

5.0 

1.5 

3.0  ! 

1.3 

1.7 

3.0 

1.0 

2.0 

2.5 

1.2 

1.3 

5.0 

2.2 

2. 8     Partial  improvement. 

3.0 

1.3 

1.7 

3.3 

0.8 

2.5 

3.9 

1.5 

2.4 

8.2 

.5.2 

3.0 

2.9 

0.6 

2.3 

4.0 

2.0 

2.0 

5.5 

3.5 

2.0 

2.5 

1.4 

1.1 

2.7 

1.0 

1.7 

3.0 

1.0 

2.0 

5.  5 

2.5 

3.0 

3.5 

1.4 

2.1 

4.0 

1.9 

2.1 

.3.0 

1.4 

2.1 

2.5 

1.4 

1.1 

3.5 

2.0 

1.5 

4.0 

2.1 

1.9 

3.5 

1.4 

2.1 

3  3 

1.7 

1.6 

4.0 

2.0 

2.0 

4.5 

1.4 

3.1 

3.0 

1.5 

1.5 

2.8 

1.0 

1.8 

6.0 

3.5 

2.5 

3.0 

1.5 

1.5 

3.0 

1.3 

1.7 
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Year. 


Locality. 


Queen's  Bluff  . . . 

La  Cro«iae 

do 

Catsville  Slough. 

do ... 

do 

Bellevue 

do 

do 


Sand  Prairie 

B«*low  BurUofrtdn  . . . 
Below  Fort  Madison . 

Montrose 

Warsaw 

Wyaconda 

8uincy 
ilbert's  Island 

Slim  Island 

do  

Westport  Chute 
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_.  p,                  Bemarks. 
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^  1 

O 
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o      1 

Feet. 

Feet 

Feet ; 

5.2 

1.6 

3. 6     After  improvement. 

3.5 

1.5 

2.0 

3.0 

1.0 

2.0 

6.0 

3.5 

2.5 

3.5 

1.2 

2.3 

5.0 

3.1 

1.9 

6.0 

4.5 

1.5 

3.0 

1.4 

1.6 

5.5 

3.0 

2.5 

4  0 

1.9 

2.1  i 

3.0 

1.4 

1.6 

3.5 

1.1 

2.4 

3.3 

1.0 

2.0 

4.7 

2.1 

2.6 

3.8 

1.9 

1.9 

5.0 

.3.4 

1.6 

7.1 

3.7 

3.4 

5.0 

2.3 

2.7 

3.0 

1.0 

2.0 

6.2 

2.2 

4.0 

3.0 

1.0 

2.0 

8.0 

2.7 

5.3 

1 

WORK  OF  THE  SNAG-BOAT. 

t  may  be  proper  at  this  time  to  say  a  few  words  couceming  tbe  work  of  the  snag- 
.tf  past  and  prospective. 

SNAGGING. 

Q  former  years  the  number  of  sna^s  in  the  river  was  much  greater  than  at  present, 
ng  of  long  accumulation,  but  by  degrees  the  most  of  these  have  been  removed,  and 
re  are  now  but  few  snags  and  wrecks  of  long  standing,  endangering  navigation, 
idditions  are  made  from  year  to  year,  and  especially  m  times  of  high-water,  from 
ing  banks,  and  many  are  brought  in  from  tributary  streams,  and  again  where  the 
mnel,  changing,  goes  down  some  hitherto  unnavigated  cbute  or  cut^  through  some 
id-bar  perhaps  oased  on  a  nucleus  of  snags;  many  obstructions  of  this  kind  are  met 
th.  The  policy  of  removing  and  destroying  the  large  trees  near  the  edge  of  the  banks, 
?reby  preventing  them,  from  falling  in  and  becoming  dangerous  snags,  hjis  been  fol- 
ded for  several  years,  and  careful  attention  to  this  matter  has  greatly  decreased  the 
nual  quota.  The  snagging  work,  however,  although  not  as  arduous  as  formerly, 
11  reqnires  and  should  receive  each  year  careful  attention.  Under  this  head  may 
o  be  placed  the  work  performed  by  the  snag-boat  in  removing  stumps  and  other  debris 
epiy  imbedded  in  mud  and  sand  on  and  near  the  banks,  where  shoie  protections  are 
iposed,  thereby  greatly  faciliating  the  proper  construction  of  this  needful  work, 
e  suag-boat  will  bo  much  in  request  for  this  class  of  work  in  the  future. 

IMPENDING    TREES. 

rhese  occur  and  are  removed  in  large  numbers  every  year,  being,  as  they  are,  of  great 
loyance  and  dauger  to  navigation  in  the  narrow  chutes,  and  more  especially  in  the 
)p  beuds  and  where  the  channel  closely  hugs  the  bank. 


DREDGING. 

L  Long's  scraper  has  always  formed  a  part,  of  the  equipment  of  the  snag-boat  on  the 
per  Mississippi,  and  with  this  apparatus  a  large  amount  of  work  was  performed  for 
eral  years  in  deepening  the  water  on  the  crests  of  the  bars  above  Winona,  but  the 
ilts  not  being  commensurate  with  the  amount  of  time  and  labor  retjuired,  compar- 
vely  little  of  this  kind  of  work  hns  been  done  of  late  years.  So  many  bars  seat- 
ed over  the  entire  700  miles  of  river,  becoming  obstructions  simultjineously  at  each 
irring  low-water,  it  was  found  a  hopeless  task  to  keep  them  all  open  with  one  boat. 
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and  unless  a  channel  is  cut  through  all  and  fnainiainedy  the  work  cannot  be  coosid- 
ered  successful.    And-again,  the  results  have  no  permanency,  the  work  of  the  scraper 
being  generally  obliterated  at  each  rise  of  the  river,  however  slight,  and  in  many 
cases  a  single  night  will  destroy  the  work  of  the  previous  day.     In  increajsing  the 
depth  on  a  bar  for  the  time  bein"|^  the  scraper  is  generally  very  effective  an«i  is  now 
often  used  in  special  cases  where  it  is  thought  that  a  channel  once  cut  will  maintain 
itself.    As  an  adjunct  to  the  dams  and  jetties  in  hastening  and  assisting  their  opera- 
tion and  in  determining  the  course  of  the  improved  channel,  the  scraper  may  be  made 
of  great  utility,  a^  under  these  circumstances  it  is  believed  that  the  channel  will  be 
permanently  maintained  by  the  action  of  the  dams,  and  in  hard  bottoms  beneficial 
results  will  be  more  quickly  secured.    A  great  deal  of  this  work  is  proposed  for  the 
future. 

REMOVAL  OF  ROCK. 

The  snag-boat  has  at  various  times  removed  dangerous  rocks  and  bowlders  from  the 
channel,  and  some  of  this  work  remains  to  be  done  as  occasion  permits. 

WRECKS. 

Many  wrecks  have  been  I'emoved  by  the  snag-boat  in  former  years,  and  several  dan- 
gerous ones  still  remain  for  future  operations. 

ASSISTING  STEAMBOATS,  ETC. 

It  has  always  been  the  practice  of  the  snag-boat  to  render  assistance  to  stranded 
steamboats  and  rafts  which  may  be  considered  as  forming  an  impassable  obstractioD 
to  navigation  in  this  narrow  and  shallow  river,  lying  directly  in  and  filling  up  the 
main  channel,  as  they  usually  do  when  found  in  tnis  predicament. 

SURVEYS  AND  RECONNAISSANCES. 

In  cases  of  emergency,  and  when  it  was  deemed  inexpedient  to  form  a  special  party 
for  the  purpose,  the  crew  of  the  snag-boat  has  been  employed  in  making  examinations 
and  surveys  at  special  localities.  Many  harbor  surveys  have  been  executed  in  this 
manner,  as  also  a  part  of  the  general  survey  of  lS76j  aud  a  reconnaissance  of  the  ban 
below  Keokuk  in  1877. 

A  general  surveillance  of  the  river  is  kept  np  while  the  boat  is  in  commission,  and 
notes  and  soundings  are  taken  at  the  various  bars,  which  furnish  useful  data  for  study- 
ing their  conditions. 

DAMS  AND  REPAIRS. 

Dams  were  built  by  the  snag-boat  at  Pig's  Eye  in  1874,  at  Nininger  Slouch  in  1875 
and  1876,  and  these  were  the  tirst  experiments  of  the  kind  on  the  Upper  Mississippi, 
the  results  being  eminently  successful. 

To  maintain  in  good  repair  the  dams  and  shore  protections  now  constructed,  in  pro- 
cess of  construction,  and  proposed,  will  constitute  a  fruitful  source  of  important  and 
needful  work,  and  will  properly  fall  to  the  lot  of  the  snag-boat.  Although  it  will 
probably  become  necessary  in  the  future  to  employ  for  this  purpose  a  light-draaght 
stern-wheel  tow-boat,  yet  the  snag-boat,  if  supported  by  Congress,  will  be  competent 
for  this  work  for  several  years  to  come. 

IN  GENERAL. 

There  are  many  other  features  of  the  work  of  the  snag-boat  worthy  of  mention.  In 
1877  the  enumeration  of  the  channel  islands  was  performed  by  it,  and  boards  with  the 
proper  number  were  placed  on  a  ^reat  many  of  them.  In  1878  a  system  of  wate^ 
gauges  for  ascertaining  the  fluctuations  of  water  surface  was  established.  In  shallow 
crossings  buoys  are  often  placed  to  guide  steamboats,  and  channel  marks  or  ranges  on 
shore  for  the  same  purpose  ;  aud  in  cases  of  this  kind,  and  also  at  localities  where  boats 
are  frequently  stranded,  examinations  are  made  and  great  care  is  taken  to  discover 
and  properly  mark  the  most  feasible  channel.  The  snag-boat  has  been,  and  may  in 
the  future  often  be,  required  in  trausportiug  goverumeut  property,  towing  flats  in  **<! 
ofwnrksofconstruction,  conveying  survey  and  construction  parties  to  theirdestinations, 

for  trips  of  inspection,  in  assisting  the  Light- House  Service,  and  by  the  Mississippi  Ri^*®^ 
Commission,  it  being  the  only  government  boat  on  the  upper  river.  It  would  seem 
proper,  then,  in  view  of  the  manifold  duties  of  the  General  Barnard,  and  the  benefit  to 
steamboats  and  general  navigation  derived  from  her  services,  that  she  should  be  lib- 
erally supported,  and  to  the  full  amount  asked  for  by  you. 
Very  respectfully,  your  most  obedient  servant, 

C.  W.  Durham, 

Assistant  Engineer. 
Capt.  A.  Mackenzie, 

Corps  of  Engineers y  U.  5.  A, 
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STATISTICS  OF  COMMERCE  AND  NAVIGATION. 

LAiniber, 

most  important  businesa  interest  on  the  Upper  Mississippi  and  its  principal 
ries  is  the  himber  trade,  giving  employment  to  great  numbers  of  men  and  more 
10  steamboats,  which  are  used  in  guiding  and  propelling  rafts.  Between  the 
of  the  Chippewa  and  Saint  Louis  there  are  73  mills  on  the  main  river,  with  an 
day  sawing  capacity  of  600,000,000  feet,  employing  some  12^000  men  and  repre- 
^  about  $12,000,000  of  capital.  The  estimated  product  of  white  pine  floated 
e  Mississippi  River  in  1879  was  1,500,000,000  feet,  including  logs,  lumber,  shin- 
c. ;  in  1878,  900,000,000  feet ;  in  1877,  750,000,000  feet ;  in  1876,  1,350,000,000 

following  table  shows  the  amount   of  lumber  manufactured  on  the  Upper  Mls- 
.  and  tributaries  in  1879  and  1878  and  the  amount  on  hand  January  1,  1880 : 

\otcing  lumber  business  of  Upper  Mississippi  River  and  tributaries  for  1879  and  1878. 


Names,  localities,  &c. 

Lumber  manafactured. 

On  hand  Jan- 

1879. 

1878. 

uary  1, 1880. 

rashbnm  Sc  Co.,  Famham  &  Lov^oy,  Camp  Sc 
r,  and  twenty -threie  other  firms  at  Minneapolis 

ove    

(orton  &.  Co.,  W.  and  J.  Fleming,  Youmans 
and  nine  other  firms  between  Minneapolis  and 
|Qe   ..    .         

Feet. 
193,  688,  555 

77,  829,  000 

23,  750, 000 

120,  924, 000 

115, 042,  000 

106,  200,  000 

109,  000, 000 

260,000,000 

66, 165. 000 
50,000,000 

Feet. 
138,  913, 130 

41, 300,  000 
18.  725, 000 
63, 697,  915 

56, 215, 000 
51,  850,  553 
58.  520, 000 
128.  000,  000 
35,202,000 

Feet. 
115, 000, 000 

46,  000,  OOa 

9,000,000 

60,000,000 

54,000,000 
38,000,000 
18, 000, 000 
56,000,000 
22,  000.  OOO 

Kennedy  Sc  Day,  Dubuque  Lumber  Company, 
ro  other  firms  at  Dubuque 

oune  Sc  Co.,  C.  Lamb  &,  Sons,  and  six  other 
it  Clinton,  Lyons  and  Fulton    

tueser  &,  Denkmann,  Dimock.  Oonld  &  Co.,  and 
•ther  firms  at  Rock    Island,   Davenport,  and 

»      

Lumber  Company,  P.  M.  Musser  &  Co.,  and 
Dtber  firms  below  Davennort 

3ur>r,  Boeckl*-r  &.  Co.,  Hersey,  Bean  Sc  Brown, 
a  other  firms  on  the  Saint  Croix  River 

re  Lumber  Company,  Daniel  Shaw  Sc  Co.,  and 

ler  firms  on  the  Chippewa 

kul.  La  Crosse  Lumber  Company,  and  eight 
irms  on  Black  River 

reported,  twenty-one  firms,  say 

tal  for  Mississippi  and  tributaries,  125  firms  ■ . . 

1, 122, 398,  555 

592,  423,  598 

418,  000, 000 

product  of  the  Wisconsin  River  is  omitted  from  the  above  statement,  inasmuch 
ly  all  the  lumber  made  on  that  river  is  shipped  by  rail. 

dor  to  show  the  entire  lumber  business  of  the  Upper  Mississippi  Valley  for  the 
'e  seasons,  is  given  the  following 

Summary, 


Locality. 


er  . 
>ix. 
a  .. 


Lumber  manufactured. 


187§. 


in 


Feet. 
687,  233,  555 
100,  000,  000 
260,  000,  000 
66,  165.  000 
152, 177, 025 


^regate 1.  274,  575.  580 


1878. 


Feet^ 

370.  701.  ^^ 
58,  520,  000 

128.  000,  000 
35, 202,  000 

193.  039.  314 


7a5,  462,  912 


1877. 


FeeL 

456,  840. 424 
53,  .341,  030 

157,  046,  678 
49,  2.'>0,  000 

143.  523..  000 


1876. 


Feet. 

629,  967,  000 
66,  793,  000 

2')'\  866,  999 
70.  852.  747 

154,  700,  000 


860,  001, 132   1, 178, 179.  746 


Receipts  at  Saint  Louis  from  Upper  Mississippi  River. 


ne  lumber  and  logs feet. 

pieces . 

. .  ,• do . . . 


1879. 


1878. 


179.919,105 
77,811,500 
27.  713.  700 


129.  806.  733 
88.  059.  500 
29, 414.  500 


1875. 


FeeL 

555,  397, 000 
75,  520. 000 

264,  077,  000 
62,000.000 

118.  000. 000 


1, 074.  994.  000 


1877. 


163.  304, 150 
64.  919,  000 
15.  973,  200 


i 
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STEAMBOATS  AND  FREIGHT. 

The  principal  steamboat  lines  on  the  Upper  Mississippi  River  are  the  Keolrak 
Northern  and  Diamond  Jo.  There  are  also  some  independent  boats  carrying  freight 
and  passengers.  The  total  amount  of  freight  carried  by  these  two  lines  was  in  1877, 
279,098  tons;  in  1878,  430,000  tons;  in  ltr79,  411,862  tons. 

Statement  of  amount  of  freight  received  at  and  shipped  from  Saint  Louis  by  the  Upper 

Mississippi  Hiver  for  six  years. 


1879. 


Tons. 

Received 221,285 

Shipped I      66,990 

Total  carried ;    288,275 

I 


1878. 


Tons. 
174,065 
67,320 


1877. 


1876. 


Tons.     I  I^ns. 
136,715  1  224,860 
68,  565  I   93, 360 


241,385  I  205,280  I  318,220 


1875. 


Tons. 
198,100 
96,225 


1874. 


Tons. 
231,  Ott 
95,800 


294,325        328,669 


Table  showing  aggregate  receipts  at  Saint  Louis  from  Upper  Mississippi  River  in  1879. 


Articles. 


Quantity. 


Apples barrels. . 

Bariey sacks.. 

Barley bushels. . 

Beans saclcs.. 

Bran do 

Butter pounds  . 

Cattle  head.- 

Cement barrels . . 

Cheese boxes.. 

Cooperage flour.. 

Cooperage pork . . 

Cooperage whiskey . . 

Cooperage larU 

Cooperage meat  casks . . 

Corn  ■ dacks . . 

Com ' bushels.. 

Corn-meal barrels . . 

Dried  fruit packages.. 

Eggs do 

Fish do 

Flour barrels.. 

Grease pounds.. 

Hay bales. . 

Horses  and  mules head. . 

Hides pounds.. 

Hogs head . . 


38,411 

117,  584 

60,  861 

601 

2,  215 

76,180 

9,279 

165 

736 

47 

2,232 

379 

6,688 

4,670 

187, 032 

68,222 

1,224 

333 

2,816 

1,140 

73,896 

170,  800 

93,765 

3.628 

373, 690 

32, 182 

Articles. 


Quantity. 


Iron  and  steel tons. 

I.4ird pounds. 

Lead    pigs. 

Lieather rolls. 

Malt sacks. . 

Merchandise  and  sundries    packages. 

Oats sacks . . 

Oats bushels. . 

Oils barrels. 

Onions packages  ■ 

Peltries do 

Pork barrels.. 

Pork,  huns pounds . . 

Pork,  meats do 

Potatoes packages. . 

Rye sacks.. 

Seeds do 

Sheep head. 

Tallow pounds.. 

Tobacco hogsheads . . 

Tobacco packages. . 

Wheat sacks.. 

Wheat bushels . . 

Wines  and  liquors barrels.. 

Wines  and  liquors boxes. . 

Wool pounds . . 


249,199 

2.9M 

421 

380 

160,813 

383.321 

37. 2M 

446 

27,439 

5,264 

290, 3» 

1,7«,737 

73.792 

40.812 

3,544 

8.9» 

557,645 

1,533 

45,291 

277.824 

36,000 

63 

373 

339,346 


There  follow  some  statements,  in  all  cases  partial,  tending  to  show  amount  of  com- 
merce and  manufactures  of  a  number  of  the  cities  on  the  river  in  1679. 

SAINT  PAUL,   MINNESOTA. 


Sales  and  transfers  during  first  eleven  months  of  1879. 

Grain value 

Dry  goo<ls do.. 

Groceries do.. 

Agricultural  implements do... 

Commission  merchants do... 

Boots  and  shoes do... 

Hides,  pelts,  &c do... 

Hardware do... 

Drugs do... 

Lumber do... 

Flour do... 

Cigars  and  tobacco do... 

Wines  and  liquors do... 

Books  and  stationeiy - do . . . 
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Coal value..  |750,000 

Iron,  steel,  &o do 650,000 

Hat«,  caps,  and  furs do....  575,000 

Clothing do....  400,000 

Beer  and  ale do 400,000 

Mill  machinery,  &c do 385,000 

Fmita do....  375,000 

Leather do 350,000 

Confectionery do....  350,000 

Crockery do 325,000 

Saddlery do....  300,000 

Pork do....  300,000 

Carpets do....  275,000 

Millinery do....  225,000 

yurnitore do....  200,000 

Total $36,110,000 

DUBUQUE,   IOWA. 

Biver  rectdpts. 

Merchandise,  including  iron,  wood  stuffs,  cordage,  &,c pounds . .  127, 000, 000 

Lumber feet..  73,000,000 

Oats pounds..  18,969,000 

Wheat do...  866,700 

Flour do...  251,000 

Butter do...  190,000 

Lead do...  2,200,000 

Cattle head..  3,470 

Salt pounds..  16,500 

Cement do...  8,400 

Staves  M..  1,300,000 

Coal pounds..  24,461,637 

Passengers  landing 12, 397 

Steaniboato  landing times..  1,081 

River  shipments. 

Merchandise,  flour,  butter,  nails,  glass,  wood  in  shape,  iron,  &c. .pounds. .  7, 561, 000 

Oats do...  37,391,762 

AVheat do...  4,917,740 

Com do...  2,260,400 

Pork do...  3,460,000 

Lead do...  2,987,142 

Cement , barrels..  4,420 

Lumber feet..  1.149,000 

MOLINE,   ILLINOIS. 

Manufactures, 

Jlgricnltural  implements value..  $2,850,000 

Ivagons do...  500,000 

llalleable  iron do...  250,000 

Machinery do...  283,000 

Paper do...  250,000 

Scales do...  25,000 

Pumps do...  112,500 

Organs do...  25,000 

Lumber feet..  23,062,902 

Shingles pieces..  2,128.000 

Lath  do...  3,420,060 

Pails number..  450,000 

Washboards do...  80,000 

CbuniH do...  14,700 

Tubs ^ d«»...  85,000 

91  K 
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DAVENPORT,  IOWA. 

Freight. 

Ky  Chicago,  Rock  Island  and  Pacific  Railroad cars  . .  32, 432 

By  Chicago.  Milwaukee  and  Saint  Paul  Railroad do . . .  6, 441 

By  Keokiik  Northern  Packet  Company tons. .  VI, 477 

Grain  and  produce : 

Wheat bushels..  l,364,m 

Com do...  60'J,816 

Rye do...  *       28.165 

Onions do...  11?,886 

Barley do...  1,141,956 

Oats do...  468,6® 

Potatoes do...  337,734 

Manufactures, 

Agricultural  implements vahie..  $450,000 

Boots  and  shoes do...  45,000 

Brass  goods,  «&c do...  10,000 

Bricks do...  28,000 

Books  and  stationery do ...  98, 000 

Brooms do...  13,900 

Candles do...  113,200 

Carriages do...  89,000 

Cigars do...  168,000 

Clothing do...  103,400 

Crackers do . . .  96, 700 

Furniture do...  264,000 

Furs do...  18,000 

Beer do...  191,200 

Sundries do...  1,078,700 

Flour barrels..  131,500 

Glucose do...  70,700 

Grape  sugar do...  1,294,000 

Simp gallons..  27,000 

Lumber feet..  46,100,000 

Shingles pieces..  8,789,000 

Lath .....do...  10,445,000 

ROCK   ISLAND,  ILLINOIS. 

Manufactures. 

Agricultural  implements value..  $1,000,000 

Glass do...  I'MOOO 

Stove do...  $60,000 

Mineral  waters do...  $25, 000 

Coal  mined do...  $400,000 

Lumber feet..  43,428,000 

Shingles pieces..  4,867,000 

Lath do...  9,206,000 

Pickets do...  26,000 

Beer barrels..  ^6,000 

Malt do...  40,000 

Freights. 

By  Keokuk  Northern  Line  Packet  Company tons..  ^^'SS 

By  Diamond  Jo  Line ^ do...  5,000 

MUSCATINE,   IOWA. 

Man%{facture8,  recdpts^  and  shipnients. 

Lumber feet..  51,000,000 

Lath ., pieces..  16,000,000 

Shingles do...  15,000,000 
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pieces..  250,000 

>aTfU number.-  '23,400 

a^-boxes do...  50,000 

barrels..  4H,00O 

mimber..  500,000 

do...       2,700,000 

gross..  :«,800 

s number..  600 

brakes do...  9,000 

KEOKUK,   IOWA. 

Jiiver  shipments, 

[  merchandise tons. .  7, 850 

bales..  29,600 

and  males head..  987 

do...  1,042 

do...  944 

do...  361 

18 dozen..  2,600 

do...  52,200 


Hirer  receipts. 


« 


i  merchandise t4)n8..  6,A'.f7 

r feet..  8,000,000 

WARSAW,    ILLINOIS. 

Biver  shipments. 

bales..  45,596 

bushels..  .'16,  H92 

do...  32,340 

do...  2.550 

barrels..  9,317 

nd  cider. do. . .  1, 872 

ige pieces..  35,000 

barrels..  :J4, 124 

cattle  and  hogs) hea<l..  2,108 

number..  4.  lOO 

i do...  :i50 

ILAXNIBAL,   MISSOURI. 

ManufaotureSy  receipiSy  and  shipments. 

' feet..  124,630,145 

e pieces..  55,437,000 

do...  33,657,300 

barrels..  200,000 

gallons..  1,250,000 

barrels..  230,000 

bushels..  1,000,000 

bairels..  200,000 

head..  25,000 
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The  followinc;  table  affords  a  comparative  view  of  the  relative  amouut  of  navigatiou 
at  various  localities  on  the  Upper  Mississippi  River  for  the  last  three  seasom: 

Statement  of  steamers,  barges,  and  rafts  pasting  various  bridges. 


Steamboats. 


Barges. 


Localitj-  of  bridge. 


1879. 


HastiiigH I  2, 468 

Winona ;  3,760 

LaCrosHe i  2,827 

Dubuque ,  2,894 

Clinton  2,643 

Rock  Island 2,514 

Burlington ,  1,251 

Keokuk |  1.562 

Quincy '  (*) 

Hannibal... 1,586 

Louiiiiana '  1,856 


1878. 

(*) 

2,948 

2.095 

2,139 

1.950 

1,643 

1,318 

1,519 

1,450 

1,393 

1,390 

1877.        1879.        1878. 


(*) 

(*) 

(*) 

1,801 
2,174 
1,560 
1,139 
1,294 

(*) 

1,467 
1,331 


397 

1,362 

779 

(*) 
996 
750 
662 
851 

884 
704 


(*) 

1,115 
842 
884 
913 
613 
624 
781 
524 
549 
545 


(*) 
(*) 

(*) 
816 

633 
790 
431 
572 

(*) 
585 
425 


1879. 


54 

1,889 
1,077 
801 
590 
571 
367 
C) 

(*) 

260 
120 


KaftA. 


1878.      1»7T. 


(*) 
863 

594 
694 
t383 
352 
254 

C) 
191 

156 

89 


n 
n 
(*) 

612 

413 

tl55 
C) 
(*) 

m 

106 


*  No  record  furnished. 


t  Partial  record. 


X  No  record  of  rafts. 


LIST  <)F  STEAMBOAT  ACCIDENTS  ON  UPPER  MISSISSIPPI  RIVER,   SEASON  OF  1879. 

June  18. — Steamer  Le  Claire  collided  with  the  Victory;  the  former  sutik;  loss, 
$1,«00. 

July  4. — A  barge  in  tow  of  streamer  Josie  struck  a  rock  at  Horse  Island  and  siink; 
raised ;  loss,  S2,W)0. 

July  13. — Steamer  Victory  sunk  a  harge  on  the  chain  above  Des  Moines  Rapids 
Canal;  raised. 

August  4. — Barge  Ahe  sunk  at  Cincinnati  Landing;  total  loss. 

Augustus. — Steamer  War  Eagle  was  somewhat  injured  by  striking  a  rock  above 
Gregory's  Landing. 

Septrmher  3. — Steamer  Annie  sunk  a  barge  on  the  chain  above  the  canal. 

October  12. — Steamer  Iowa  struck  a  rock  opposit^i  Dallas  and  sunk;  raised;  one 
man  lost. 

Korcmber  26. — Steamer  Annie  sunk  a  barge  below  Keokuk ;  cargo  and  barge  total 
loss. 

CUSTOMS  REVENUE  AND  TONNAGE. 

That  portion  of  the  Mississippi  between  Saint  Paul  and  the  mouth  of  the  Illinois 
River  lies  partly  in  the  customs  district  of  Minnesota  and  partly  in  the  customs  dis- 
trict of  New  Orleans.  Survevors  of  customs  are  located  at  Burlington  and  Dubuq^^i 
Iowa,  Galena,  111.,  Saint  Paul,  Minn.,  and  La  Crosse,  Wis. 

In  the  following  statement  is  given  the  total  exhibit  of  the  port  of  Saint  Ix>^^ 
where  the  greater  portion  of  the  Upper  Mississippi  boats  are  registered,  and  w^^*^^ 
includes  many  of  the  Lower  Mississippi,  Missouri,  and  Illinois  River  boats. 

Customs  revenue  and  tonnage  for  fiscal  year  ending  June  30,  1879. 


Saint  Louis 
Burlinffton  . 
Dubuque . . . 
La  Crosse  . . 
Galena  — 
Saint  Paul. . 


Port. 


Collectiona. 


$1, 138, 417  85 

1,820  88 

9  10 

None 

4,715  48 
11,683  71 


Tonnajre 
enrolled. 


148. 092. 68 
5,80&04 
4, 396. 71 
80X31 
1,7)12.13 
4,73L66 


INTERNAL  REVENUE. 


Rem 


t^ 


There  are  ten  internal  revenue  district*  bordering  on  the  Mississippi  River  betw^e^ 
Saint  Paul  and  the  mouth  of  the  Illinois  River.     Each  of  these  district«  is  composed  or 
a  large  number  of  counties  the  greater  portion  of  which  do  not  touch  the  river,  bnt 
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iilk  of  the  revenue  to  the  government  comes  ftx)m  the  sections  bordering  upon 
ver  and  tributary  to  its  navigation  and  commerce.  I  give  below  a  table  show- 
he  designation  of  the  districts  touching  the  river  between  the  points  above 
d,  the  residence  of  the  collector,  and  the  amount  of  collections  for  the  fiscal  year 
ig  June  30, 1879. 


District. 


ifinneftota. . . 
I  MinnesotA. 
I  Wisconsin. 
C^isconsin  . . 

I  Iowa 

lo-wa 

1  Iowa 

lUinois 

L  Illinois 

1  Missouri . . 


kggns^ie 


iX>ectfnlly  submitted. 


Macitexzie, 
Captain  of  Engineers, 


Residence  of  col- 
lector. 


Anionnt  col- 
lected for  year 
ending  June 
30,  1879. 


Bochester 

Saint  Paul.... 

Madison 

Sparta 

Dav6ni>ort 

Dubnqne    

Burlin^n 

Mount  Carroll 

guincv 
onisiana 


$03,850  49 
211, 858  27 
145, 468  47 
89.982  42 
276,  592  17 
298,663  81 
172, 116  54 
809,  835  58 
967,731  85 
280,062  47 


3,  346, 162  07 


C.  W.  Durham, 

Assistant  Engineer. 


S   2. 

MOVEMENT  OF  THE    MISSISSIPPI  RIVER   FROM  SAINT  PAUL  TO  DES 

MOINES  RAPIDS. 

ider  this  appropriation  are  carried  on  works  for  the  improvement 
irough  navigation.  These  works  consist  of  brush  and  stone  dams 
losing  side  chntes  and  snbsidiary  channels,  and  for  contracting  the 
h  of  water  way,  and  also  of  brush  and  stone  shore  protections  for 
Qg  banks. 

general  plan  with  estimates  has  been  prepared,  but  it  is  liable  to  so 
y  alterations  of  detail  due  to  changes  of  the  river  and  experience 
ed  as  the  work  progresses,  that  it  is  deemed  more  proper  to  simply 
ent  projects  from  year  to  year  for  the  work  which  can  be  accom- 
led  with  the  amounts  then  available,  selecting  for  improvement  the 
ts  known  to  be  most  troublesome.  The  results  already  obtained 
V  that  the  system  of  improvement  adopted  will  give  in  time  a  good 
inel  sufficient  for  all  purposes  of  navigation,  and  the  main  question  of 
future  is  a  reduction  in  the  expense  of  dams  and  shore  protections, 
the  adoption  of  temporary  expedients  for  assisting  navigation  until 
channel  is  so  regulated  that  it  will  maintain  itself, 
•evious  to  1878  improvements  had  been  made  at  Pig's  Eye  (1874) 
Nininger  Slough  (1875  and  1876).  During  1878  and  1879  works 
carried  on  at  Pig's  Eye,  Newport,  Hastings,  Prescott,  Crat's  Island, 
Slough,  Kollingstone,  Betsy  Slough,  Queen's  Bluflf,  Bellevue,  Horse 
id,  Dallas,  and  Pontoosac,  and  during  the  last  liscal  year  improve- 
ts  have  been  made  at  Hastings,  Prescott,  Smith's  Bar,  Crat's  Island, 
'  Slough,  Mount  Vernon,  Rollingstoue,  Betsy  Slough,  Winona,  La 
se,  Cassville  Slough,  Horse  Island,  Smith's  Island,  and  Keithsburg. 
le  appended  reports  of  United  States  Civil  Engineer  M.  Meigs  and 
stant  Engineers  E.  F.  Hoffman  and  J.  L.  Gillespie  give  in  detail 
«rork  done  and  results  obtained  in  their  respective  d\B\>Y\e\a.   '^o 
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these  gentlemen  much  credit  is  due  for  the  intelligence  and  energy  they 
have  displayed  in  carrying  on  the  works  assigned  to  their  local  charge. 

The  act  of  Congress  approved  March  3, 1879,  p^o^ided  that  of  the 
$100,000  approi)riated  for  "improving  Mississippi  River,  Saint  Paul  to 
Des  Moines  Rapids,"  $20,000  might  be  used  for  testing  the  Adams  Flume. 
Mr.  Adams  has  selected  the  very  troublesome  bar  below  Read's  Lauding 
for  his  experiments,  but  has  not  yfet  commenced  active  operations. 

The  work  of  the  last  season  was  carried  on  principally  by  contract, 
and  this  system  will  be  recommended  whenever  practicable,  but  in  many 
cases  the  river  is  liable  to  such  frequent  changes  that  the  projects,  which 
are  necessarily  made  some  time  in  advance  of  operations,  cannot  be  ad- 
hered to,  and  in  such  cases  formal  contracts  are  inexpedient,  as  no  plans 
or  specifications  can  be  drawn  to  properly  cover  the  work. 

While  past  experience  has  not  demonstrated  that  the  use  of  an  ordi- 
nary dredge-boat  is  as  a  rule  advisable  in  connection  with  the  cutting 
of  new  channels  through  sand  bars,  yet  occasions  have  arisen  and  will 
continue  to  arise  where  such  work  will  be  necessary.  For  such  cases,  as 
well  as  in  connection  with  the  improvement  of  the  various  harbors  along 
the  river,  and  in  the  removal  of  gravel  bars  both  for  improvement  of 
navigation  and  for  obtaining  material  for  dams  and  shore  protections, 
many  dredges  are  required.  There  are  but  four  private  dredges  on  tlie 
river,  and  these  being  in  comparatively  poor  condition  are  entirely  in- 
adequate te  the  prompt  and  proper  execution  of  the  work  now  required 
of  them.  The  United  States  should  own  a  dredge  capable  of  removing 
all  classes  of  material  met  with  in  this  section  of  the  river.  Its  cost, 
together  with  the  requisite  supply  of  dump-boats,  &c.,  would  not  ex 
ceed  $16,000. 

The  field  work  of  the  general  survey  of  the  river  was  completed  in 
the  latter  part  of  July,  1879,  and  during  the  past  year  a  large  part  of 
the  work  of  mapping  has  been  finished.  Tracings  of  the  maps  of  the 
survey  have  already  been  forwarded  te  the  Chief  of  Engineers,  and  the 
final  report  on  the  same  is  hereto  appended. 

The  special  party  (No.  6)  making  surveys  and  observations  near  Bur- 
lington, Iowa,  completed  their  field  work  in  the  latter  part  of  October, 
1879.  A  report  on  this  survey,  together  with  maps  and  diagrams,  was 
forwarded  to  Col.  Z.  B.  Tower,  president  of  the  Board  of  Engineers  on 
Low- Water  Navigation  of  the  Mississippi  River.  A  copy  of  this  report 
is  hereto  appended. 

Many  observations  with  current  meters  were  taken  by  the  Burlington 
party;  but  owing  to  the  absence  of  Mr.  G.  A.  Marr,  the  assistant  in 
charge  of  these  observations,  for  several  months  while  in  the  employ  of 
the  Mississippi  Eiver  Commission,  the  meter  work  has  not  been  reduced 
or  plotted.  A  report  on  this  subject  will  be  submitted  as  soon  as  prac- 
ticable. 

I  take  occasion  at  this  time  to  refer  to  the  report  of  the  "Board of 
Engineers  on  Sheer-Booms,"  pnnted  in  H.  Ex.  Doc.  No.  41,  Forty -fourth 
Congress,  second  session.  In  this  report  the  necessity  and  advisability 
of  constructing  sheer-booms  at  the  various  bridges  were  clearly  shown, 
and  plans  for  the  same  furnished  for  each  bridge.  The  demand  for 
sheer-booms  for  the  protection  and  guidance  of  rafts  becomes  more 
urgent  every  day,  and  it  should  be  given  proper  attention. 

For  the  puri^ose  of  studying  the  river  and  its  changes,  determining 
where  improvements  are  most  needed,  and  noting  the  effect  produced 
by  works  already  ex)nstnicted,  numerous  surveys  and  examinations  have 
been  made  and  will  be  continued  during  the  present  season. 

Water-gauges  are  established  at  many  points  along  the  river  between 
Saint  Paul  and  Grafton,  daily  readings  of  which  are  kept  on  record, 
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d  it  is  very  desirable  that  these  gauge  records  should  be  published  in 

3  newspapers  for  the  benefit  of  na\rigation. 

[n  accordance  with  instructions  from  the  office  of  the  Chief  of  Engi- 

ers,  dated  September  13,  1879,  an  examination  was  made  of  the  har- 

r  of  Kock  Island,  the  report  on  which,  under  date  of  November  5, 

r9,  will  be  found  in  H.  Ex.  Doc.  No.  32,  Forty-si;tth  Congress,  second 

ision. 

Unless  changes  produced  by  the  present  extreme  high  stage  of  the 

er  develop  new  and  more  troublesome  obstructions  requiring  imme- 

kte  attention,  which  cannot  be  known  until  the  next  low- water,  work 

ring  the  present  fiscal  year  will  be  carried  on  at  the  following-named 

Lnts: 

1.  Between  Newport  and  Robinson's  Island. 
'2.  Island  No.  20. 

3.  Head  of  Lake  Pepin. 

4.  Between  Wabasha  and  Alma. 

5.  Shore  protection  at  Mount  Vernon. 

6.  Rollingstone  Bio  ugh. 

7.  Winona. 

8.  Queen's  Bluff. 
^.  La  Crosse. 

0.  Cassville  Slough. 

1.  BeUevue. 

2.  Arnold's  Bar. 

3.  Keithsburg. 

4.  Johnson's  Island. 

5.  Shore  protection  at  Oquawka. 

rhe  radical  improvement  of  the  Upper  Mississippi  River  having  been 
nmenced,  it  is  of  great  importance  that  it  should  be  actively  con- 
ned. 

Large  appropriations  can  be  profitably  expended  and  should  be  made 
order  that  the  benefits  to  be  obtained  may  be  secured  as  speedily  as 
ssible  and  that  the  idtimate  cost  may  be  diminished.  I  would  accord- 
fly  ask  for  an  appropriation  of  $500,000  for  the  fiscal  year  ending 
ne  30,  1882. 

SUMMARY  OF  EXPENDITURES   FOR  FISCAL  YEAR  ENDING  JUNE  30,  1880. 

Hastings $1,740  03 

Dibbled  Point 2,372  02 

Smith's  Bar 13,198  36 

Crat'8  Island 5,419  68 

Beef  Slough 2,826  95 

Monnt  Vernon 14,328  74- 

RoUingstone  and  Betsy  Sloughs 7,726  02 

Winona 12,423  94 

La  Crosse 4,717  33 

Cassville  Slough 12,497  12 

Horse  and  Smith's  Island 4,791  20 

Keithsburg 5,815  02 

ps  and  surveys 10,593  31 

jtte<lfor  '*  Adams's  Flume" 20,000  00 

Total  expended -. 118,449  72 

if 

Money  statement,  | 

y  1,  1879,  amount  {.vailable $142,049  77  { 

ount  appropriated  by  act  approved  June  14,  1880 150,000  00  I 

$292, 049  77                        I 

f  1,  1880,  amount  expended  during  fiscal  year 118,235  54  \ 

f  1,  1880,  outstanding  liabilities 214  18  { 

•       118,449  72                        1^ 

Y  1,  1880,  amount  available 173,600  05 

ount  that  can  be  profitably  expended  i  n  fiscal  year  ending  June  30, 1882 .     500, 000  00 
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report  of  j.  l.  gillespie,  assistant  engineer. 

United  States  Engineer  Office, 

Bock  Island,  III,  June  30, 1680. 

Sir  :  I  have  the  honor  to  submit  the  following  report  upon  works  constructed  for  the 
improvement  of  the  Mississippi  River  from  Saint  Paul  to  Chimney  Rock,  during  the 
fiscal  year  ending  June  30, 1880,  to  which  I  have  added  the  results  of  an  examinatioii 
of  the  river  and  existing  works  in  my  district  made  during  the  month  of  May,  1^. 

examination  at  pig*s  eye  bar. 

The  soundings  were  made  at  a  stage  of  7  feet  above  low-water  of  1864,  and  show  no 
material  change  since  the  last  examination,  except  a  slight  filling  at  the  upper  and 
lower  ends  of  the  improved  channel,  which  will  undoubtedlv  cut  out  as  tne  water 
falls.  No  examination  was  made  at  low-water  last  year,  but  pilots  report  not  less  than 
4^  feet  in  the  channel. 

The  left  bank  between  dams  3  and  6  should  be  protected  for  a  length  of  al>out  1,000 
feet,  but  this  is  not  immediately  necessary. 

examination  at  head  of    NEWPORT  ISLAND. 

The  channel  is  straightening  and  improving  slowly,  and  is  sufficiently  good  so  long 
as  other  bars  in  the  vicinity  remain  in  their  present  condition.  The  head  of  Newport 
Island  should  be  protected,  and  the  channel  between  Island  No.  3  and  the  left  bank  closed. 
At  the  foot  of  Newport  Island,  and  on  the  three  crossings  above  Robinson's  Island, 
there  was  leas  than  2  feet  at  low-water  last  season.  These  points  will  require  first 
attention  whenever  the  improvement  of  the  river  between  Saint  Paul  and  Hastings 
is  continued. 

shore  protection  at  HASTINGS,  MINNESOTA. 

This  work  was  done  under  contract  with  Messrs.  Winston  Brothers  of  Minneapolis, 
Minn. ,  dated  June  4, 1879,  Mr.  F.  A.  Churchill,  inspector.  The  shore  protection  was  com- 
menced at  a  point  on  the  right  bank,  3,600  feet  below  Hastings  Railroad  Bridge,  oppo- 
site the  dams  built  in  1878,  and  continued  down  stream  800  feet.  The  bank  is  aooot 
Id  feet  above  low  water,  the  upper  part  being  a  hard  clay,  but  underlaid  by  a  stratum 
of  sand  near  the  low-water  line,  wmch  cuts  out  and  causes  the  upper  stratum  to  cave 
off  in  large  masses.  The  channel  is  working  down  this  shore,  and  the  protection 
should  be  extended  down  stream  about  500  feet. 

Materials  used  and  cost  of  work. 


Deacription. 


i 


.9 


in 

«""l 

|8g 

p 
e 

S 


Shore  protection  (sheet  No. 6*) I  800  I    1,23L7  580.8  ;  |I, 506  IT 

SaperintendoDce  and  office  expenses t I ; |       233  56 

Total i I ' 1,74«» 


*  The  sheets  relerrod  to  are  the  general  maps  of  survey,  Saint  Paul,  ^linn.,  to  Grafton,  IlL 

EXAMINATION  AT  HASTINGS  BAR. 


The  chamiel  continues  to  widen  somewhat,  and  there  has  been  considerable  filling 
between  the  spur  dams.  The  boats  have  had  no  trouble  here  since  the  dams  were 
built. 

SHORE  PROTECTION  AT  DIBBLE'S  POINT. 

This  work  was  done  under  the  same  contract  as  that  at  Hastings.  The  left  bank  of 
the  river  opposite  Prescott  Island  was  protected  for  a  distance  of  1,250  feet  uj)  stream 
from  the  foot  of  the  point. 

The  material  of  wnich  the  point  is  composed  is  a  pure  fine  sand,  easily  cut  s^aJ 
by  the  current,  and  the  shore  line  had  receded  from  15  to  20  feet  since  the  channel  t« 
the  right  of  Prescott  Island  was  closed  last  year. 
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Materials  used  and  cost  of  work. 


Description. 


I 


protection  (sheet  No.  7) 

mt«ndence  and  office  expenses 


Total 


5  . 
es  9 


1, 250  !     1,  575.  6 


3 


11 


n 


907.3 


9 

o 

a 


$2,053  63 
318  39 

2,372  02 


EXAMINATION  OF   HEAD  OF  PRE8COTT  ISLAND. 

ice  last  season  the  bar  has  cat  out  so  that  there  is  now  a  good  3-foot  channel  at 
^ater,  which  will  probably  improve  as  the  water  falls.  Tnis  bar  was  composed 
(ly  of  fine  gravel,  which  resisted  the  sconrinc  action  of  the  current  and  rendered 
ieepening  of  the  channel  very  slow ;  but  of  late  it  has  improved  rapidly,  and 
irther  trouble  at  this  {loint  is  anticipated. 

smith's  bar. 

lis  work  was  done  under  contract  with  S.  J.  Truax,  of  Hastings,  Minn.,  dated 
ast  29,  1879,  Mr.  H.  N.  Elmer,  inspector.  The  river  at  this  place  was  about  1,100 
wide,  forming  a  long  shoal  crossing  from  the  left  bank  to  the  right  bank,  with 
it  2  feet  in  the  channel  at  low-water.  This  has  been  the  head  of  navigation  for 
arger  boats  during  low-water  for  the  past  two  seasons. 

e  channel  was  contracted  to  a  width  of  600  feet  by  five  spur  dams,  three  from 
eft  and  two  frt>m  the  right  bank,  and  1,000  feet  of  the  right  bank  below  the  dams 
protected  by  a  revetment  of  brush  and  stone.  The  dams  where  less  than  5  feet 
were  built  with  fascines  12  feet  long,  which  effected  a  considerable  saving  of 
trial.  The  examination  in  May  showed  a  good  channel  of  not  less  than  4^  feet  at 
rater.] 

Materials  used  and  cost  of  work. 


Description. 


No.  1  (sheet  8) 

Na  2  (sheet  8) 

Ko.  8  (sheet  8) 

No.  4  (sheet  8) 

Na5  (sheet  8) 

t  protection  (sheet  8) 


intendence  and  office  expenses 
ToUl 


t 

S 


s  . 

-§    . 

11 

11 

a  ^ 

«^ 

So 

"o 

^3 

*3 

es  a 

*  p 

.o 

Xi  » 

•^  b 

2  u 

Jt 

IS- 

n 

500 
150 
350 
300 
525 
1.000 


1.000.8 
604.2 

1,058.9 

1,  526.  5 

2,  377. 6 


7,  567.  8 


579.  7 
645.0 
948.2 

1, 007. 0 
909.0 

1,759.1 


5.93&0 


a 

9 

o 
S 


$1,348  67 
1,047  29 
1,638  90 
1,737  95 
2, 147  80 
3,  505  76 


11, 426  36 
1,  772  00 

13, 196  36 


SHORE  PROTECTION    OPPOSITE  CRATES  ISLAND. 


le  work  at  this  place  consisted  in  protecting  the  left  bank  of  the  river  for  a  dis- 
e  of  1,977  fe«t,  divided  as  follows :  400  feet  of  low  shore  protection  opposite  the 
of  the  island ;  then  an  interval  of  432  feet  unprotected,  followed  by  1,577  linear 
of  protection  carried  to  the  top  of  the  bank.  Below  this  the  bank  juts  out  into 
(tream,  deflecting  the  current  to  the  right.  It  is  proposed  to  allow  this  part  of 
bank  to  cut  away  until  it  is  nearly  straight,  and  then  continue  the  protection 
a  stream. 
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The  bank  is  from  5  to  10  feet  high,  composed  of  a  mixture  of  loam  and  fine  aaad, 
and  had  receded  from  10  to  30  feet  since  the  completion  of  the  dam  built  in  1878.  Ma- 
terials were  purchased  in  open  market,  and  the  work  done  by  hired  labor.  Work  was 
commenced  August  27  and  finished  September  25. 

Materials  used  and  cost  of  work. 


DeMcription. 


I 

Q 
1-^ 


I      <*  fc    • 

I   ^^^ 

CO 

I  |Sg 

I  « 


8hore  protection  (sheet  14) 
Hire  of  boata  and  barges  . . 
Labor  


1,977 


2,550.9 


pq 


1.990.4 


^Superintendence  and  office  expenses 
Total 


1,500 


a 

0 
0 

B 


12,928  31 
902  OQ 
802ai 

4, 002  OS 
737  91 


6.419« 


EXAMINATION  OF    CRAT'S    ISLAND. 

The  high  bar.  which  in  1878  was  opposite  dam  No.  1,  has  moved  down,  and  is  now 
•opposite  dam  No.  2,  making  the  channel  part  of  the  dam,  though  deep,  only  abontSOO 
feet  wide.  If  this  bar  does  not  cut  away  as  the  water  falls,  it  may  oe  necessary  to 
sink  a  line  of  mattresses  between  the  dam  and  the  bar  to  prevent  further  deepening 
and  force  a  widening  of  the  channel. 

The  tow-head  between  the  head  of  Crates  Island  and  the  left  bank  has  disappeared^ 
and  the  channel  is  cutting  out  down  the  left  side  of  the  island,  which  will  probablj 
render  some  protection  at  the  npper  end  of  the  island  necessary. 

EXAMINATION  OF   BEBF  SLOUGH  BAR. 

The  channel  above  Tee-pe-ota  Point  has  left  the  rizht  bank  and  has  been  graduallj 
working  eastward  for  the  past  two  years.  The  sounoings  show  a  good  channel  of  sof- 
fioient  width  to  the  left  of  the  high  bar  off  the  point.  One  or  two  spur  dams  from  the 
right  bank  will  maintain  the  channel  in  its  present  position,  which  is  desirable. 

The  bar  west  of  Island  31  will  probably  move  down  and  gradually  close  the  present 
channel,  throwing  the  water  between  Islands  33  and  34.  Whenever  this  takes  place 
the  projected  dam  from  the  left  bank  to  Island  34  should  be  built. 

DAM  AT  FOOT  OF  BEEF  SLOUGH. 

Work  was  commenced  here  June  1, 1880,  and  the  shore  protections  and  bottom  layor 
of  dam  No.  1,  from  the  left  bank  to  Island  3G,  were  put  in.  Owing  to  the  present  higb 
stage  of  water  it  was  necessary  to  suspend  the  work,  which  will  be  resumed  as  soon 
as  uie  stage  of  water  permits.  The  work  was  done  by  hired  labor,  material  being 
purchased  in  open  market. 

MaieriaU  used  and  cost  of  work. 


Description. 


'Linear  feet. 


Rock,  cubic 
yards. 


Bam  No.  1  (sheet  14)  ... 
Hire  of  boat  and  barges 
Labor 


1,200 


682 


Brush,  cu-  Poles,  num-    ^^ount 
bic  yards.  ' —         ' 


ber. 


780.11 


1,284 


Tools,  &c. 


Superiuteudence  and  office  expenses. 
Total 


I827M 
514  95 
77058 

234  9 
379  4» 
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MOUNT  VERNON  BAR. 

This  work  was  dune  under   contract  with  Messrs.   Jenkins  &  Van  Gorder,   of 
Vinoua,  Minn.,  dated  September  3, 1879,  Mr.  J.  C.  McElherne,  inspector. 

Mount  Vernon  Bar  is  formed  by  the  junction  of  Pomme  de  Terre  Chute  with  the 
lain  channel  of  the  river  at  the  foot  of  Island  48,  and  has  been  a  serious  obstruction 
o  navigation  for  many  years. 

At  low-water  of  1879  there  was  a  narrow  and  crooked  channel  of  about  3  feet  depth 
cross  the  bar. 

The  plan  of  improvement  adopted  was  to  contract  the  channel  across  the  bar  to  a 
ridth  of  900  feet,  by  spur-dams,  and  also  close  the  channel  to  the  left  of  Island  50 
nd  the  tow-head  below.  Work  was  commenced  September  23,  and  completed  Decem- 
er  2,  1879. 

Materials  used  and  cost  of  woi'k. 


Desoriptiou. 


«in  No.  1  (sheet  16) 

^m  No.  2  (Hheetl6) 

»am  No.  3  (sheet  16) 

^tn  No.  4  (sheet  16) 

»am  No.  6  (sheet  16) 

hore  protection  Islaud  50  (sheet  16) . 


a  j»e  rill  tendance  aod  office  expenses. 
ToUl 


Stone, 
Linear  feet.'  at  $1.23  per 
1  cubic  yard. 


300 
620 
1,400 
650 
200 
250 


1,600.0 
1, 191. 2 
2, 012. 8 
1,108.4 
331.1 
438.44 


Brush,  at 
53  cents  per 
cubic  yard. 


1,152.5 
],43L0 
3, 170. 0 
1,  539. 1 
281.0 
343.52 


Amount. 


$2,455  82 

2,223  00 

4,155  84 

2,280  74 

556  10 

721  85 


12, 402  54 
1,926  20 


14, 328  74 


EXAMINATION  AT  MOUNT   VERNON  BAR. 

The  sonndines  show  a  channel  of  4^  feet  at  low-water,  not  less  than  300  feet 
ride,  which  will  doubtless  improve  as  the  river  falls.  There  is  no  probability  of  any 
nrther  trouble  at  this  point. 

Very  respectfully,  your  obedient  servant, 

J.  L.  Gillespie^ 
Assistant  Engineer, 
Capt.  A.  Mackenzie, 

Corps  of  Engineers^  U.  8,  A^ 


REPORT  OF  MR.   M.   MEIGS,  UNITED  STATES  CIVIL  ENGINEER. 

Rock  Island,  III.,  June  30,  1880. 

Captain  :  I  have  the  honor  to  submit  my  annual  report  of  work  done  on  the  improve- 
iient  on. the  Upper  Mississippi  River,  between  Rock  Island,  111.,  and  Chimney  Rock 
Bar.  Minnesota,  for  the  fiscal  year  ending  June  30,  1880,  as  follows: 

GENERAL  REMARKS. 


The  work  done  last  season  was  similar  in  character  to  that  of  the  preceding  year, 
rhe  same  forms  of  dams  and  shore  protections  were  used,  but  with  the  difiference  that 
t  was  endeavored  to  use  a  larger  proportion  of  brush  in  the  dams,  and  on  the  shore 
)rotection8  a  smaller  proportion  or  rock  ;  both  of  which  attempts  have  so  far  resulted 
n  a  reduction  of  cost,  without  any  apparent  want  of  stability  in  the  structures  them- 
lelves. 

The  supply  of  brush,  however,  in  the  vicinity  of  all  the  larger  works  on  the  Upper 
Mississippi  River  is  becoming  scarce,  and  it  seems  as  if  some  steps  should  be  taken  to 
lecuro  a  luture  supply,  if  the  works  are  to  go  on,  and  to  economize  brush  in  the  con- 
itmctions  projected.  The  first  consideration  would  necessitate  the  planting  of  sand- 
tars  ;  the  latter  the  adoption  of  a  form  of  dam  consisting  mostly  oi  rock  or  dredged 
naterial. 

Tlie  past  season  was  a  trying  one  for  steamboats,  and  has,  I  think,  proved  conclu- 
lively  the  beneficial  effects  of  works  of  improvement  alreafly  completed.    The  con- 
(tnictions  of  1878  have  in  every  case  proved  successful  in  iT\vv\ig  a  ^ooOi  e\v«ai\v«\ 
rhere  they  ha^l  heen  advanced  to  aDythiDg  like  a  completed  stale. 


1500  REPORT  OF  THE  CHIEF  OF  ENGINEERS,  U.  S.  ARMY. 

I  think  an  effort  shonld  be  made  this  year  to  test  the  nsefalness  of  sand-bar  plant- 
ing,  and  the  experiment  should  be  made  in  the  fall,  aft-er  the  water  becomes  low. 
Shonld  the  experiment  prove  a  failnre,  it  should  be  tried  again  next  spring,  before  the 
June  rise.  Very  few  of  the  willows  put  into  our  dams  or  shore  protections  have  takeo 
root;  from  the  fact  that  they  were  usually  cut  in  the  hot  months. 

R0LLING8TONE  BAR. 

The  work  on  this  bar,  and  also  on  that  at  the  foot  of  Bet«y  Slough,  was  done  under 
a  contract  with  Mr.  Jacob  Richtmann^  of  Fountain  City,  Wis. ;  inspector,  Mr.  James 
P.  Allen. 

The  closing  dam  in  RoUingstone  Bend,  from  Island  57  to  the  Minnesota  shore,  wa« 
examined  early  in  the  season  and  no  settling  of  consequence  was  detected.  Soundings 
below  the  gap  !i^  feet  wide,  left  for  the  passage  of  rafts,  developed  a  great  amount  of 
scour,  a  hole  having  been  excavated  which  measured  54  feet  deep  at  low  water.  From 
this  point  the  bottom  rose  gradually  to  the  foot  of  the  dam,  which  latter  seems  to  have 
sufifered  no  bad  effects. 

It  was  impossible  to  place  any  large  amount  of  rock  in  the  gap  without  interfering 
with  the  passage  of  rafts.  There  is  no  doubt  but  that  this  gap  wastes  a  vast  amonnt 
of  water  needed  in  the  main  channel  to  the  left  of  Island  57.  Either  the  gap  must  be 
closed  and  the  dam  raised  or  dam  No.  1  extended  and  raised  so  as  to  divert  the  water 
at  that  point.  The  latter  plan  will  conflict  less  with  large  private  interest*,  aud  I 
would  recommend  its  adoption. 

Dam  No.  2  was  built  from  the  head  of  Island  57  out  to  the  proposed  channel  line. 
This  was  to  stop  a  great  escape  of  water  between  the  bar  and  the  head  of  Island  57, 
and  caused  it  to  flow  around  the  end  of  the  dam,  and  assist  in  scouring  out  the  bad 
crossing  opposite  the  island.  (See  map.  Report  Chief  of  Engineers,  lb79.)  In  the 
lowest  place  this  dam  was  built  to  2  feet  above  low-water,  the  portion  on  the  sand-bar 
being  some  2  feet  higher  or  5  feet  above  low-wat«r. 

Dam  No.  9  is  a  submerged  dam  built  to  prevent  the  wat-er  cutting  any  deeper  along 
the  face  of  the  bank  opposite  Island  58 ;  300  feet  of  shore  protection  was  bmlt  at  the 
junction  of  the  dam  with  the  shore,  and  800  feet  more  will  be  needed,  as  this  bank  i.i 
cutting  rapidly.  There  is  nowhere  less  than  4^  feet  of  water  over  Dam  9  at  lowest 
stage. 

An  examination  made  May  17,  1880,  shows  that  there  is  a  considerable  widening  of 
the  3-foot  channel  opposite  Island  57.  The  bar  has  been  forced  down  upon  the  head 
of  dam  No.  6,  and  the  channel-way  contracted  to  a  width  of  only  250  feet.  At  a  lower 
stage  than  that  prevailing  at  the  date  of  the  examination,  this  width  will  no  doubt  be 
increased. 

A  dam«hould  be  built  from  the  left  bank  to  contract  the  water-way  across  the  bar 
opposite  Island  57. 

All  the  works  recommended  above  should  be  put  in  during  the  season  of  1880. 


BETSY  SLOUGH. 

The  dams  and  shore  protections  built  in  1878  have  stood  well,  and  have  secured  a 
channel  across  this  very  bad  bar,  which  has  never  since  the  completion  of  the  dam* 
had  less  than  a  4i-foot  channel.  Daring  the  past  season  1,024  feet  of  shore  protection 
has  been  put  in  on  the  left  bank  of  Betsy  Slough— included  in  last  annual  report— and 
1,000  feet  on  the  right  bank  of  the  river,  below  the  foot  of  Island  6.3,  built  after  June 
30.  Thq  bank  below  both  these  pieces  of  riprap  will  need  at  no  distant  day  some  fur- 
ther protection.  The  two  sloughs  opposite  Wilds,  1  mile  below  Betsy  Slough,  shonld 
be  closed,  as  the  river  shows  a  tendency  to  draw  in  that  way. 

Detailed  cost  of  Bollingstone  and  Betsy  Slough  work. 


Description. 
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Dam  2  (sheet  No.  17) 

Dam  9  (sheet  No.  17) 

Shore  protection  No.  3  (sheet  No.  17) 


Suptfrintendence  and  office  expenses 


668 

196 

1,000 


1,667.5 

932.6 

2,206.3 

Cu.ydt. 
9U3.0 
551.1 
881.5 

4,806.4  I    2,335.6 


0 

s 


$2,376  4. 

1^356K 
2;955« 

6,688* 
J;  037  20 


Total  expended ;. j    7.726« 
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WINONA. 

This  work  was  begun  September  16,  under  a  contract  with  Jenkins  &  Van  Gorder, 
r  Winona,  Minn.  The  inspector  was  Mr.  James  P.  Allen.  Two  dams  were  built,  as 
lown  on  the  accompanying  map,  and  two  pieces  of  shore  protection.  It  was  found 
apossible  to  bnild  the  works  as  originally  planned,  as  it  would  have  interfered  too 
inch  with  the  navigation.  While  construction  was  in  progress,  Sei>tember  24,  there 
ere  nine  steamers  held  there  trying  to  cross  the  bar. 

Dam  No.  16  was  built  t<>  a  height  of  4  feet  above  low-water.  The  end  abutting  on 
dand  70  will  probably  settle  somewhat,  the  sand-bar  on  that  side  of  the  slough  being 
ctremely  soft  and  easily  disturbed.  The  dam  extends  from  Island  70  to  Island  71, 
ad  is  710  feet  long.  It  stops  a  slough  which  diverted  a  large  portion  of  the  low- 
at«r  flow  from  the  main  river. 

Dam  No.  20  extends  from  Island  71  to  Island  72,  and  closes  a  similar  gap,  dry  at 
tw-water.  This  dam  consists  of  one  layer  of  rock  and  brush  only.  The  shore  pro- 
)ctions  on  Island  71,  and  opposite  Argo  Island,  were,  like  those  at  Betsy  Slough,  built 
gbter  than  those  put  in  in  1878,  and  appear  to  stand  equally  well. 
An  examination  made  May  4,  1880,  at  a  stage  of  8.1  feet  above  low-water,  shows 
lat  the  channel  has  changed  somewhat  since  1878,  being  closer  to  the  head  of  Island 
2.  The  3-foot  contours  give  a  width  of  channel  not  less  than  400  feet  on  the  crossing. 
;  will  be  necessary  to  contract  the  width  of  the  channel  opposite  Island  71  by  a 
)ur  or  spurs  from  the  right  bank,  as  the  river  is  here  very  flat,  and  the  water  is 
af^t^d  over  a  large  area. 

There  should  also  be  a  spur  from  Island  72,  and  some  shore  protection  on  the  head 
f  Island  72.  A  small  slough  back  of  Island  70  should  also  be  closed,  as  a  large 
mount  of  water  is  wasted  through  it,  and  the  width  appears  to  be  increasing. 

Detailed  cost  of  Winona  wwks. 


Description. 


hore  protect iou  No.  13  (Hbeet  18) 

>aiu  No.  16  (sheet  Np.  18)  

ihore  protection  (8h«et  18) 

)ainNo.  20  (sheet  18) 


Qperintendence  and  office  expenses. 
Total  expended 


;    Rock,  at 
Linear  feet.  $1.17  per  cu- 
j   bic  yard. 

Brush,  at 
5:)  ceuts  per 
cubic  yard. 

Amount. 

i  Cubic  yd». 
1, 185  !        1, 622.  6 

710  !        2,295.1 
1,  365           2, 189.  4 

395              812. 1 

Cubic  yds. 

1, 027. 0 

1.  765.  6 

1,  736. 1 

491.1 

$2, 442  75 
3, 621  02 
3,  481  73 
1, 210  44 

6,  919.  2 


5,  019. 8 


10,  755  94 
1,668  00 

12,423  94 


queen's  bluff. 

No  work  was  done  at  this  place  last  season,  though  authority  was  granted  for  some 
riprap  opposite  the  dams,  other  places  appearing  to  nee<l  the  expenditure  more.  This 
ihore  protection  should  be  put  in  soon.  The  result  of  the  works  at  Queen's  Bluffs,  put 
in  in  1878,  has  been  very  gratifying,  no  detention  to  steamboats  having  occurred  during 
the  past  season  even  at  the  lowest  stage  of  water.  No  examination  was  made  at  this 
bar  during  the  past  spring,  but  it  is  believed  that  the  low-water  season  will  show  the 
:;ontinuance  of  the  good  results  attained  last  year. 


LA  CROSSE. 

Late  in  the  season  the  river  above  La  Crosse  showed  a  strong  tendency  to  cut  in 
t)ehind  Island  105,  owing  to  a  straightening  of  the  main  channel,  which  threw  the 
current  directly  on  the  head  of  the  island. 

A  low  dam  was  built  from  Island  105  to  the  left  bank,  and  375  feet  of  riprap  put  in 
ftt  the  head  of  the  island. 

It  was  intended  to  put  in  some  shore  protection  on  the  shore  of  Barron  Island,  op> 
posite  and  below  the  head  of  Island  10.5,  which  needs  it  very  much,  but  the  cold 
weather  drove  the  working  parties  from  the  field.  The  work  was  done  under  an  in- 
formal contract  with  P.  S.  Davidson,  of  La  Crosse.  Mr.  C.  M.  Bennett  was  the  in- 
spector. 

The  dams  at  Island  104  and  Island  106  cannot  be  considered  as  more  than  partially 
improving  this  part  of  the  river.  The  bar  above  the  city  was  in  a  very  bad  condition. 
la»t  season  and  caused  much  delnv  and  trouble  to  steamers  and  nvits. 
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The  water  flows  •ver  this  bar  in  a  thin  sheet,  and  shonhl  be  concentrated  so  a«  to 
give  greater  depth.  This  could  be  accomplished  by  building  a  training  wall  down 
stream  from  a  point  at  the  junction  of  the  Black  and  Mississippi  rivers,  and  a  abort 
spur  from  the  shore  of  Island  106.  This  work  and  the  riprap  on  Island  106,  aboYc 
referred  to,  are  very  important.  The  cutting  away  of  the  shore  of  Island  106  is  pro- 
gressing very  rapialy  and  contributing  great  masses  of  material  to  the  bar  below. 
There  is  a  small  slough  which  enters  Black  River  opposite  the  elevator  wharf  and  has 
caused  the  formation  of  a  sand-bar,  which  greatly  interferes  with  the  o]>eration9  of 
steamers  and  rafts.     This  slough  should  be  closed. 

Detailed  cost  of  La  Crosse  work. 


Description. 
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Closing  dam  No.  4  (sheet  No.  21) 

Shore  protection  No.  1  (sheet  No.  21) 


Total 

Superintendence  and  office  expenses 


Total  expended 


Cttbie  yd*.  Cubic  yd*. 
350  ;     1,293.0         764.00 
375  I     1,278.1         407.  »5 


2,560.1  I  1,231.95 


i 

o 
a 


$2,163» 
1.930S8 


4,083r 
833  IS 


4, 717  S3 


FOOT  OF  CASSVILLE   SLOUGH. 

Work  could  not  be  begun  until  late  in  the  season  owing  to  a  combination  of  circum- 
stances. No  contractor  could  be  found  willing  to  undertake  the  furnishing  of  bnuli 
and  rock  so  near  the  cold  weather  sc^ason,  so  all  the  work  was  doue  by  hired  labor. 
The  work  was  somewhat  delayed  by  rain  and  wind,  the  latter  making  the  handling  of 
steamer  and  barges  difficult.  Finally,  the  clo8<»  of  navigation  drove  the  working  party 
in  before  the  work  was  completed. 

The  closing  dam  from  Island  192  to  the  main  shore  was  finished,  also  the  riprap  at 
the  head  of  Island  192.  Eight  hundred  and  fifty  feet  of  ripraj*  on  the  right  bank  op- 
posite the  head  of  Island  19§  was  completed  to  a  height  of  4  feet  al)ove  low-water. 
An  examination  made  April  27,  1880,  shows  a  great  improvement  in  the  condition  of 
this  bar  due  to  the  actiou  of  the  dam  at  Island  192. 

There  is  a  wide  3-foot  channel  and  but  slight  interruption  to  the  4^foot  chanuel. 
The  water  shows  a  tendency  to  follow  the  shore  of  Island  192,  and  should  be  inter- 
cepted by  a  low  spur.  The  shore  near  the  foot  of  12-mile  Island,  opposite  192,  form- 
ing the  right  baiik  of  the  chute,  should  be  further  riprapped,  as  it  is  of  very  sandy 
material  and  washes  rapidly. 

This  bar  gave  great  trouble  to  both  steamers  and  rafts  during  the  low-water  of  Sep- 
tember and  October,  1878.  Some  of  the  raft-boats  could  not  cross  at  all  and  had  to 
lie  below  the  bar,  waiting  for  their  rafts  to  be  sent  down  to  them  by  a  lighter  boat. 

The  bar  has  been  for  many  years  one  of  the  worst  obstructions  on  the  Upper  Missis- 
sippi River. 

Detailed  cost  of  Cassrille  work. 

Cost  of  labor |!7,lO8  90 

Hire  of  steamer  and  use  of  steam-launch 1, 618  30 

Hire  of  barges 1,060  © 

Purchase  of  tents  and  plant 405  57 

Costof  lath  yam,  2,180  poimds 199  50 

Purchase  of  powder  (110  pounds  still  on  hand) 36840 

Quarry  and  brush  royalties 65(W 

Superintendence  and  traveling  expenses 1,677  90 

Total  cost 12,497  tf 
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Summarif, 


Description. 


loung  (lam  No.  1  (sheet  38) 

bore  protection  No.  1  (sheet  33) . 
tore  protetrtiuu  No.  2  (sheet  33) . 
Fceived  at  works  and  not  put  in 


Totals 


Linear 
feet. 


520 
423 
850 


Poles. 


1,811 
784 
450 
430 


3,475 


Rock.      I     Brush. 


Chtbieyds. 

3,00K.25 

1,094.00 

879.00 

125.00 


Summary  of  cost. 


5,196.25 


Cubic  ydt, 

2, 348.  50 

842.00 

779.50 

556.00 


4,426.00 


Description. 


I   Cost  per 
cubio  yard. 


alue  of  material  on  hand 

040.75  cubic  yards  material  put  in  work 
aperintendence  and  traveling  expenses . 


$1  m 


Total  cost. 


Total 


$204  87 

10, 614  35 

1,677  90 

12.497  12 


DELLBVUE   BAR. 

No  work  YiAn  been  done  at  this  place  since  1878,  when  the  dam  was  put  in  at  the 
ead  of  Island  248. 

Two  examinations  were  made  during  the  present  fiscal  year,  one  in  August,  1879,  at 
)w-water,  and  one  April,  1880,  at  a  high  stage.  Both  show  a  marked  tendency  of  the 
'ater  to  form  a  new  channel  close  to  the  right  bank  of  the  river.  This  will  be  a  great 
nprovement  if  it  can  bo  secured.  A  small  amount  of  dredging  towards  the  lower 
nd  of  the  bar  would  perhaps  determine  the  channel  in  the  desired  position,  and  I 
^'ommend  that  the  attempt  be  made.  The  channel  once  secured  in  this  place  will 
Tobably  be  permanent,  or  at  least  will  allow  of  its  being  made  so  at  a  small  propor  • 
ionate  cost.  Belle vue  Bar  continued  to  give  trouble  last  year,  and  many  rafts  and 
teamers  were  delayed  there.  The  dam  at  the  head  of  Island  248  has  stood  well,  but 
nly  was  built  1|  foot  above  water  and  should  be  raised  at  least  2  feet. 

HARBOR  OF   ROCK   ISLAND,    ILLINOIS. 

A  survey  and  estimate  was  made  under  your  orders  September  17, 1879,  showing  the 
ondition  and  cost  of  removing  of  a  sand-bar  which  envelops  the  river  iront  of  Rock 
»land,  and  interferes  greatly  with  navigation.  A  small  amount  of  dredging  would 
fford  great  relief  to  the  steamers  landing  here  for  freight  and  coal.  Rock  Island  being 
De  of  the  principal  coaling  stations  on  the  Upper  Mississippi  River.  (See  your  letter 
)  Chief  of  Engineers  dated  November  5,  1879,  forming  part  of  H.  Ex.  Doc.  No.  112, 
orty-sixth  Congress,  second  session.) 

ARNOLD'S  BAR. 

Great  trouble  and  delay  were  experienced  last  season  at  Arnold's  Bar.  The  river 
lits  on  Island  259  into  two  channels,  and  has  for  several  years  been  in  very  bad  con- 
tiou  at  low-water.  A  dam  should  be  built  closing  one  or  the  other  of  these  chan- 
)l8,  the  one  to  be  closed  being  determined  by  surveys  later  in  the  season.  The 
twM.  of  Island  259  should  also  be  protected  by  riprap,  and  some  riprap  put  in  on 
e  ehore  below  Island  259  if  the  left  arm  of  the  river  is  closed. 


SAMPLES  OF  MATERIALS. 

Samples  of  sand,  clay,  and  mud  were  collected  at  various  places  during  the  past  sea- 
•n.  In  obedience  to  your  orders  I  append  the  following  table  of  specific  gravities 
id  weights  per  cubic  foot.  The  samples  of  sand  taken  from  different  bars  vary  little 
I  appearance,  nearly  all  the  bars  containing  all  the  different  grades  in  varying  pro- 
[>rttons  and  positions. 

The  samples  of  materials  from  Galena  River  were  taken  with  a  dredge^  and  the 
eight  i>er  cubic  foot  determined  by  actual  measurement  in  a  box  1  cubic  foot  in 
imension.  The  specific  gravity  in  this  case  has  been  determined  from  the  weight 
er  cubic  foot,  water  at  maximum  density  being  the  standard. 
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In  all  the  samples  except  those,  taken  from  Galena  River,  the  sand  was  well  shaken 
in  the  bottle  ontil  it  would  compact  no  more.  The  weights  and  specific  cavities  of 
the  wet  sand  refer  to  sand  perfectly  wet,  the  excess  of  water  being  poured  off.  Wet 
sand  taken  from  a  dredge  would  be  lighter  as  it  would  contain  less  water.  The  ratio 
of  absorption  given  in  the  table  is  understood  to  be  the  difference  of  weight  between 
the  same  sample  wet  and  dry,  divided  by  the  weight  of  a  volume  of  water  equal  to 
the  volume  of  sand. 

Very  respectfully,  your  obedient  servant, 

^  M.  Meigs, 

Vniled  States  CHvil  Engineer. 
Capt.  Alexander  Mackenzie, 

Corps  of  Engineers y  U.  S.  A. 


Table  of  specific  gravities^  tfc 


Localltv. 


Prescott  Bar. 


Smith's  Bar. 


Mount  Vernon . 


Dubuque  Bar 


Belle  vuc  Bar. 


Galena  River 
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5 
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10 

10 

10 

15 

15 
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4 

15 

15 

16 

16 

10 

10 
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2 
1 
1 

4 
4 
3 
3 
6 
6 


u 

0 


u 

1 

1.8072 

112. 81 

2.1547 

134.51 

1. 7875 

111.68 

2. 1359 

133.34 

1.8917 

118.  28 

2.0519 

128. 15 

1.6683 

104.25 

1.9386 

121.  05 

1.  8106 

112.  98 

2.1630 

135. 33 

1.  8820 

112.08 

1.9407 

121. 15 

1.  7272 

107.90 

2.0958 

130. 80 

1.8824 

117.  51 

2.1956 

137.06 

1.  8738 

116.97 

1.9867 

124.  02 

1.7682 

110.38 

2.0905 

130.51 

1.8557 

115.84 

2.1688 

135.  39 

1.7882 

111.63 

2.1150 

132.  03 

1. 7137 

106  98 

2.0566 

128.38 

1.6819 

104.99 

1.9969 

124.66 

2. 2378 

139.  70 

2.3635 

147.55 

1. 8738 

117. 00 

1.9063 

119.00 

L8262 

114.00 

1.5539 

97.00 

1.6180 

101.00 

1.9255 

123.00 

1.9063 

119.00 

§ 

& 

eS 


0.34894 


0.34992 

0. 16146 

0.26963 

0.35880 

0. 13313 

0.36838 

0.  31456 

0. 11341 

0. 32369 

0. 31431 

0. 32183 

0.34436 

0. 31636 

.  0.17733 

Kemarks. 


Very  fine  sand ;  dr>'. 
Very  fine  sand ;  wet. 
Medium,  coai-se  and  fine  mixed;  dry. 

Do. 
Gravel  and  sand  mixed ;  dry. 
Gravel  and  sand  mixed ;  wet. 
Very  fine  Hand ;  drj'. 
Verr  fine  sand ;  wet. 
Meaium,  coarse  and  fine  mixed ;  dry. 
Medium,  coarse  and  fine  mixed ;  wet. 
Gravel  and  fine  sand  mixed;  dry. 
Gravel  and  fine  sand  mixed ;  wet. 
Very  fine  sand ;  diy. 
Very  fine  sand ;  wet. 
Meaium  and  fine  sand  mixed ;  dry. 
Medium  and  fine  sand  mixed ;  wet. 
Fine  jpiivel  with  a  little  sand ;  dry. 
Fine  gravel  with  a  little  sand ;  wet 
Very  fine  sand,  impure,  lower  edge  of  btf; 

dry. 
Very  fine  sand,  impure,  lower  edge  of  bar; 

wet. 
Fine  sand,  opposite  Waple's  Cut ;  dry. 
Fine  sand,  opposite  Waple's  Cut;  wot 
Pure  sand,  outer  edge  of  bar ;  dry. 
Pure  sand,  outer  edge  of  bar ;  wet. 
Very  fine  sand ;  dry. 
Very  fine  sand ;  wet. 
Coarse  sand ;  dry. 
Coarse  sand ;  wet. 

Coarse  gravel  and  a  little  sand ;  dry. 
Coarse  gravel  and  a  little  sand ;  wet 
Medium  sand,  ttom  bar  foot  Harris's  Sloagb ; 

wet 
Sand,  slightly  impure,  surface  of  bar;  we*- 
Mud,  saxbe  locality  as  above. 
Mud,  very  soft,  opposite  Statimi  22. 
Clay  at  Spratt's  Lake. 
Sand,  very  fine  aad  impure,  above  Sprett* 

Lake;  wet 
Clay  and  mud,  a  little  sandy ;  wet. 


REPORT  OF  MR.    E.    F.    HOFFMANN,   ASSISTANT  ENGINEER. 


United  States  Engineer  Office, 

Rook  Islandf  III,  June  30,  1880. 

Captain  :  I  liave  the  honor  to  submit  my  anuiial  report  in  reference  to  certain 
works  for  improving  navigation  of  the  Mi38is.Hij»jH  River  from  Kock  Island  to  I>«* 
Moines  RajmU. 
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WORK  NEAR  HORBE  ISLAND. 

It  was  decided  to  improve  the  channel  of  the  river  near  Horse  Island,  about  4  miles 
>elow  Rock  Island,  by  removing  certain  patches  of  rock.  Two  trials  were  made  by 
b  dredge,  which  showed  the  necessity  of  nrst  chiseling  the  rock.  Messrs  Whitney  & 
Son  obt-ained  the  contract  for  removing  this  rock,  for  which  they  were  paid  $2.50  per 
rard.  The  horizontal  stratification  of  the  rock  made  it  necessary  to  break  2|  feet  of 
t>ck,  and  the  estimated  amounts  of  these  patches  were  very  much  overrun,  so  that 
mly  a  part  of  the  improvement  could  be  effected  with  the  funds  available.  fSrom 
ingust  26  to  October  16,  1879,  1,583.79  cubic  yards  of  rock  were  removed,  leaving  250 
;nl>ic  yards  chiseled  but  not  removed.  Dredging  was  resumed  March  31,  but  only 
^5.7  cubic  yards  of  rock  were  removed,  work  being  stopped  by  high  stage  of  water, 
rhe  total  quantity  of  rock  removed  at  Horse  Island  is,  therefore,  1,659.17  cubic  yards, 
wd  the  amount  of  money  paid  for  its  removal  is  $4,147.92. 

REMOVAL  OF  OBSTRUCTIONS  AT  HMITH'S  ISLAND. 

It  having  been  reported  that  bowlders  were  to  be  found  in  the  middle  of  the  chan- 
lel  near  Smith's  Island,  about  8  miles  below  Rock  Island,  with  but  2  feet  of  water 
>ver  them  at  low-water,  an  examination  was  made,  and  the  steam-drill  was  taken 
lown  to  the  locality.  The  so-called  bowlders  proved  to  be  heavy  building  stone  un- 
kMuled  from  a  flat-boat  caught  in  the  ice  in  this  vicinity  in  1866.  By  constructing  a 
lerrick  upon  the  steam-drill  scow,  and  using  the  powerful  capstan  engine  of  the  boat, 
13  heavy  building  stones  were  taken  from  the  river  and  deposited  on  the  Iowa  shore. 
These  stones  averaged  from  H  to  2  cubic  yanls  each  in  contents.  Lying  closely  to- 
gether they  might  easily  have  been  taken  for  bowlders.  This  work  was  finished  on 
N^ovember  14. 

DREDGING  AT  KEITIISBURO,    ILLINOIS*. 

The  river  at  this  place  is  very  wide,  and -at  a  low  ^tage  of  water  very  shallow,  with 
I  bottom  which  has  alwaj^s  been  called  rock.  On  the  .3<1  of  November  a  chisel-boat 
was  placed  at  the  crossing  and  commenced  work.  A  few  days  later  the  dredge  was 
lowed  into  position.  It  soon  became  evident  that  the  dredge  could  execute  the  work 
without  the  assistance  of  the  chisel-boat,  and  it  was  therefore  withdrawn.  A  careful 
jbaervation  in  reference  to  the  composition  of  the  material  dredged  up  classiHes  the 
iifferent  parts  of  the  conglomerate  as  follows  : 

SO  per  cent,  is  a  hard  black  clay. 

¥)  per  cent,  are  bowlders  of  sienite,  granite,  porphyry,  &c. 
5  per  cent,  is  a  coarse  gravel. 
5  per  cent,  is  a  coarse  sand. 

The  work  was  vigorously  pushed  by  Messrs.  Whitney  &  Son,  the  contractors,  until 
the  inclement  weather  forced  the  withdrawal  of  the  dredge  November  3U.  The 
monthly  estimate  showed  during  26  actual  working  days  a  daily  excavation  of  about 
206  cubic  yards,  or  a  total  of  5,3^5.1  cubic  yards.  Under  the  first  supposition  that  the 
material  at  this  bar  consisted  of  solid  rock,  which  could  only  be  excavated  by  chisel- 
boat  and  dredge,  the  price  per  cubic  yard  was  to  be  $2  for  work  done  by  the  chisel- 
boat,  and  $1  for  work  accomplished  by  tbe  dredge,  but  when  the  nature  of  the  material 
was  fully  developed,  the  price  was  changed  to  60  cents  per  cubic  yard. 

On  March  19,  1880,  work  of  excavation  was  resumed  and  continueil  until  March  30. 
Daring  this  time  2,272.66  cubic  yards  of  material  were  removed.  The  estimated 
amount  of  dredging  for  improving  the  crossing  at  Keithsbni^  is  29,057  cubic  yards, 
and  the  amount  of  material  removed  was  7,627.76  cubic  yards,  leaving  21,430  cubic 
yards  yet  to  be  dredged,  as  is  shown  in  the  sketch  accompanying  this  report. 

An  appropriation  of  $20,000  is  necessary  to  make  the  work  commenced  useful  for 
navigation.  The  money  so  far  expended  for  the  removal  of  the  7,627.76  cubic  yards 
excavated  is  $5,034.:^. 

All  of  which  is  most  respectfully  submitted. 

E.  F.  Hoffmann, 

Assistant  Engineer, 

Capt.  Alexander  Mackenzie, 

Corps  of  Engineers f  U.  8,  A. 

95  E 
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Jbslract  of  all  proposaU' received  and  opened  thi»^th  day  of  August j  1879,  by  Ca| 
Mackenzie  J  Corps  of  Engineern^  U.  S.  A.^  for  building  dams  and  shore  protectiona  of 
and  stone  at  Smith's  Bar,  5  miles  below  Prescott,  Wis, 


a 
'A 


1 
2 
3 
4 
5 


Names  nud  residences  of  bidders. 


E.  E.  Heerraann,  Reed's  Landiug  .. 

P.  S.  Davidson,  La  Crosse,  Wis 

John  Gage,  Waba«ha,  Minn 

Winston  Bros..  Minneapolis,  Minn 
Sid.  J.  Truax,  Hastings,  Minn 


7,000  cubic  yards 

6,500  cubic 

yards 

stone. 

brush 

» 

^%S^ 

Per  cubic    » «,«„«♦ 
yaitl.     1  Amount- 

Per  cubic 
yard. 

Amount. 

$1  85       $12,950 

$1  50 

$9,750 

\ 

1  10           7.700 

80 

5,200 

1  24 

8.680 

79 

5,  1.35 

1  15 

8,050 

88 

5.720 

89 

6,230 

70 

5,135 

Abstract  of  all  proposals  received  and  opened  this  27th  day  of  August ^  1879,  by  Ca^ 
Mackenzie  J  Corps  of  Engineers  y  U.  S.^A.^for  building  dams  and  shore  protections  of 
and  stone  at  Mount  Vernon  Bars,  2  miles  below  Minnieska,  Minn, 


a 

s 

'A 


1 

2 
3 

4 

5 


Xarne:!  and  residences  of  bidders. 


10,000  cubic  yards  !  9,000  cubic  yards 
stone.  I  brush. 


AggT 


Per  cubic :  A^o^t.  ^^L^^^**  I  Amount. 


yai-d. 


E.  E.  Heerraann,  Reed's  Landiug,  Minn $1  95 

P.  S.  Davidson,  La  Cros»e,  Wis I  1  20 

J.  H.  Jenkins  and  S.  D.  Van  Gorder,  Winona, : 

Minu    I  123 

Robert  M.  Mooer  and  L.  Rossiter,  La  Crosse, 

•^r  jg                        ^_ 1.50 

Jacob  Richtman.  Fountain  City,  "Wis .!!!!!..  1  40 


$19,500 
12,000 

12,300 

15.000 
14.000 


yard. 


$1  50 
80 

53 

50 
80 


$13,500 
7,200 

4,770 

4,500 
7,200 


Abstract  of  all  proposals  received  and  opened  this  27th  day  of  August ^  1879,  hy  Ca\ 
Mackenzie^  Corps  of  Engineers,  IT.  S.  A.,  for  building  dams  and  shore  protections  of 
and  stone  at  bar  1  mile  above  Winona,  Minn. 


a 

0 


1 

2 
3 
4 


Names  and  re»idences  of  bidders. 


10,000  cubic  yards 
stone. 


P.  S.  Davidson,  La  Crosse,  Wis 

J.  H.  Jenkins  and  S.  D.  Van  Gorder,  Winona, 

Minn 

Robert  M.  Mooer  and  L.  Rossiter,  La  Crosse, 

Wis 

Jacob  Richtman,  Fountain  City,  Wis 


Per  cubic 
yard. 


$1  20 

1  17 

1  50 
1  20 


Amount. 


$12,000 

11, 700 

15,000 
12,000 


9,000  cubic  yards 
brush. 


Per  cubic 
yard.     I 


$0  80 

53 

50 
80 


Amount. 

$7,200 

4,770 

4,500 
7,200 


Aggr 


S3. 

IMPROVEMENT  OF  THE   MISSISSIPPI  RIVER  FROM   DES  MOINES  RAl 

TO  MOUTH  OF  THE  ILLINOIS  RIVER, 


The  works  under  this  head  of  appropriation  were  in  local  charge  of  C 
B.  D.  Greene,  Corps  of  Engineers,  until  January  1,  1880,  at  which 
he  was  transferred  to  Detroit.    From  his  reports  and  memoranda  n 
of  the  following  details  w^ere  gathered.    He  took  personal  charg 
operations  in  the  field,  and  to  his  intelligent  and  zealous  labors  is 
in  great  part  the  successful  management  of  the  work. 


r/  toUes  J^o  irt  esJFfvyo  ids  • 
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Jb8tract  of  alt  proposals  received  and  opened  ihis^tk  day  of  August^  1879,  hy  Cap 
Mackenzie,  Corps  of  Engineer,  U.  S.  A.,  for  building  dams  and  shore  proiectiom  of  I 
and  stone  at  Smith's  Bar,  5  miles  below  Prescott,  Wis, 


i 

0 


1 

2 
3 
4 
5 


Xaiiios  and  residences  of  bidders. 


E.  E.  Heerraann,  Reed's  Landing  ... 

P.  S.  Davidson,  La  Crosse,  Wis 

John  Gage,  Wabasha,  Minn 

Winston  Bros.,  Minneapolis,  Minn. 
Sid.  J.  Truax,  Hastings,  Minn 


7,000  cnbic  yards 
stone. 

6,500  cubic  yards 
brufth. 

Affere 

Per  cubic    *,««««* 
yai-d.     .Amount. 

Per4jubic 
yard. 

$1  50 

80 
79 
88 
79 

Amount. 

$1  m 

1  10 

1  24 

1  15 

89 

$12,  950 
7,700 
8.680 
8.050 
6,230 

$9, 750           fi 
5,200            ] 
5. 135             ] 
5,720             1 
5,135             ] 

Abstract  of  all  proposals  received  and  opened  this  27f/i  day  of  August,  1879,  by  Cap 
Mackemie,  Corps  of  Engineers,  U.  S.'A.,for  building  dams  and  shore  protections  of  I 
and  stone  at  Mount  Vernon  Bars,  2  miles  below  Minnieska,  Minn, 


J 

a 


Names  and  residences  of  biddere. 


10,000  cubic  yards  '  9,000  cubic  yards 
stone.  I  brush. " 


Per  cubic 
yaiti. 


1  1  E.  £.  Heei-mann,  Reed's  Landing,  Minn i  $1  95 

2  P.  S.  Davidson,  La  Crosse,  Wis i  1  20 

3  J.  H.  Jenkins  and  S.  D.  Van  Goixler,  Winona, 

Minn    I  123 

4  Robert  M.  Mooer  and  L.  Rossiter,  La  Crosse, 

Wis    I  1  50 

5  Jacob  Richtman,  Fountain  City,  Wis 1  1  40 


Amount. 


$19,  500 
12,000 

12,300 

1.5,  000 
14,000 


Aggw 


Per  cubic 
yard.     I 


Amount. 


$13,  500 
7,200 


4,770 

4,500 
7,200 


Abstract  of  all  proposals  received  and  opened  this  27th  day  of  August,  1879,  by  Cap 
Mackenzie,  Corps  of  Engineers,  U.  S,  A.,  for  building  dams  and  shore  protections  of  I 
and  stone  at  bar  1  mile  above  JVinona,  Minn, 


M 
a 

p 


1 

2 
3 
4 


Names  and  rehidences  of  bidders. 


P.  S.  Davidson,  La  Croase,  Wis 

J.  H.  Jenkins  and  S.  D.  Van  G  order,  Winona, 

Minn 

Robert  M.  Mooer  and  L.  Rossiter,  La  Crosse, 

Wis 

Jacob  Richtman,  Fountain  City,  Wis 


10,000  cubic  yards 
stone. 


Per  cubic 
yai-d. 


$1  20 

1  17 

1  50 
1  20 


Amount. 


$12, 000 

11,700 

15,000 
12.000 


9,000  cubic  yards 
brush. 


Aggr* 


Per  cubic 
yard,     i 


Amount. 


$0  80 

53 

50. 
80 


$7,200 

4,770 

4,500 
7,200 


S3. 

IMPROVEMENT  OF  THE   MISSISSIPPI  RIVER  FROM  DES  MOINES  RAJ 

TO  MOUTH  OF  THE  ILLINOIS  RIVER. 


The  works  under  this  head  of  appropriation  were  in  local  charge  of  C 
B.  D.  Greene,  Corps  of  Engineers,  until  January  I,  1880,  at  which 
he  was  transferred  to  Detroit.    From  his  reports  and  memoranda  n 
of  the  following  details  were  gathered.    He  took  personal  charg 
operations  in  the  field,  and  to  his  intelligent  and  zealous  labors  is 
in  great  part  the  successful  management  of  the  work. 


? 


APPENDIX   8.  1507 

I.— CANTON,  MXSSOUBI. 

The  improvement  of  the  river  in  this  vicinity,  and  for  a  stretch  of 
river  17  miles  in  length,  extending  from  Canton  to  Quincy,  embracing 
Wyaconda  Bar  and  several  other  shallow  crossings,  was  selected  as  one 
of  the  points  of  operations  under  the  appropriation  for  fiscal  year  ending 
June  30, 1880.  For  nearly  the  whole  distance  the  river  was  divided 
into  two  channels,  the  one  to  the  west  being  the  main  channel,  and  the 
one  to  the  east  called  Canton  Chute.  This  latter  carried  about  one- 
fonrth  of  the  total  volume  of  water  in  the  river. 

The  work  proposed  by  Major  Farquhar  in  his  project  of  April  8, 1879, 
was  the  closing  of  Canton  Chute  near  its  head  by  a  dam  of  brush  and 
stone;  the  closing  of  several  smaller  lateral  chutes  below,  which  di- 
verted considerable  water  from  the  main  channel ;  and  a  spur  dam  from 
above  the  he;id  of  Canton  Chute,  with  a  view  to  shifting  the  channel 
to  the  Canton  shore,  and  improving  the  steamboat  landings  at  that 
place.  It  was  thought  that  the  increased  volume  of  water  thus  turned 
into  the  main  channel  would  materially  benefit  the  stretch  of  river  above 
mentioned,  and  especially  improve  Wyaconda  Bar.  The  above  indi- 
cated project  was  approved  by  the  Chief  of  Engineers,  under  date  of 
May  12, 1879. 

Owing  to  the  small  amount  of  money  allotted  for  this  locality,  it  was 
decided  to  first  construct  only  the  Canton  and  Smoot  Chute  Dams,  and 
to  protect  from  abrasion  the  head  of  Island  No.  416.  The  work  was  ad' 
vertised,  and  the  contract  awarded  to  S.  S.  Sample,  of  Keokuk,  Iowa, 
who  began  work  September  18,  1879,  and  finished  November  25. 

Oanton  Chute  Dam  (No.  1,  sheet  66). — This  closing  dam  was  located 
about  700  feet  below  the  bead  of  Island  No.  416,  is  1,095  feet  long,  with 
shore  protection  on  the  island  end  200  feet  in  length,  and  on  the  Illinois 
shore  80  feet.  The  crest  of  the  dam  was  raised  to  a  height  of  4  feet  above 
low-water.  About  150  feet  of  the  dam,  being  built  on  a  quicksand 
bottom,  settled  about  3  feet;  and  this  gap  was  afterwards  filled  with 
rock  and  gravel.  Captain  Greene,  in  speaking  of  the  Canton  Chute 
Dam,  says : 

Near  one  end  of  the  dam  there  was  some  troable  from  settling,  for  a  distance  of  150 
feet  or  more.  This  was  stopped  by  backing  np  with  gravel  for  a  distance  of  8  or  10 
feet.  The  bar  from  which  this  gravel  was  taken  is,  so  far  as  I  know,  the  only  bed  of 
pnre  gravel  npon  this  section  of  the  river.  It  is  situated  just  at  the  entrance  to  Canton 
Chute,  extenaing  out  from  the  main  shore,  and  is  of  very  considerable  extent.  This 
gravel  will  be  valuable  in  works  of  improvement,  and  perhaps  still  more  so  if  placed 
on  the  country  roads.  Other  gravel  bars  in  this  vicinity  contain  an  excess  of  cusinte- 
grated  limestone  and  flint. 

Smoot  Chute  Dam  (No.  2,  sheet  66).— This  dam  is  370  feet  long,  with 
200  feet  shore  protection  at  each  end,  and  was  built  across  the  lateral 
chute  between  Islands  No.  416  and  418.  It  was  brought  up  to  a  height 
of  2  feet  above  low-water  of  1864. 

Shore  protection  at  head  of  Island  No.  416  (No.  1,  sheet  66). — ^Tbis  is 
about  1,000  feet  in  length,  extending  200  feet  down  the  chute,  and  800 
feet  along  the  western  side  of  the  island,  with  an  average  width  of  35 
feet. 
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Summary  of  work  at  Canton,  Mo,,  for  fiscal  year  ending  June  30,  1880. 


Desoriptioo. 


Canton  chute  dam 
Smoot  chute  dam. . 
Shore  protection . . 


Total 

Snperintendence,  office  expenses,  Sic. 


Total  expended. 


I 


1.095 

370 

1,000 


I 


I 


I! 

'So 

-3 
1g 


I 


I. 
It 

o 


AmovBL 


Ouineydt.  Cubic  pds. 


3,422.61 
1,345.88 
1,26a  24 


2,278.41 
829.91 
1,026.48 


256.43 


$S,76IS2 
2,1(B« 

2,iraT? 


6,036.23 


4,134w80 


256.43  I  10,04211 
69611 


1Q^7»« 


Mr.  W.  A.  Thompson,  inspector  at  Canton,  deserves  credit  for  the[able 
and  zealous  performance  of  his  daties. 

n. — HANl^AL,  MISSOURI. 

A  small  amount  of  dredging  was  done  here  by  special  direction  of  the 
Secretary  of  War.  This  furnished  temporary  relief  just  at  the  steamboat 
landing  and  the  trouble  will  recur  until  radical  changes  are  made  in  the 
river  in  this  vicinity.  A  report  on  this  subject  was  submitted  by  me 
January  17,  1880,  and  is  printed  in  Miscellaneous  Document  Ko.  24, 
Forty-sixth  Congress,  second  session. 

Summary  of  work  at  Hannibal,  Mo,,  for  fiscal  year  ending  June  30,  1880. 

Dredging  3,845.85  oubio  yards  mad  and  sand,  at  20  cents |769  17 

SnperiDftendence,  office  expenses,  &,g 53  34 


ni. — GILBERT'S  ISLAND. 


822  51 


The  works  proposed  at  this  place  were  to  close  Gilbert's  Chute,  to  pro- 
tect the  Illinois  shore,  and  to  build  several  spur  dams  in  the  vicinity  of 
Gilbert's  Island  to  rectify  the  channel  of  the  river.  This  project  of 
Major  Farquhar,  Corps  of  Engineers,  was  submitted  through  the  Chief 
of  Engineers  to  the  Board  of  Engineers  on  the  low-water  navigation  of 
the  Mississippi  Eiver,  and  approved  by  them,  as  follows: 

EoAJiD  Room,  Engineer  Office, 
Saint  Louis,  Mo,,  November  15, 1878. 

General  ..  *  »  •  Xhfe  Board  approves  of  the  building  of  the  closing  dam  in  Gil- 
bert's Chute,  the  spur  dam  from  right  bank  at  head  of  chute,  the  spur  on  sand  har 
from  left  bank  above  Gilbert's  Island,  and  a  shore  protection  on  the  Illinoia  shore 
wherever  it  may  be  found  necessary.  The  other  ^^orks  at  and  below  the  head  of  t)» 
island  to  be  built  when  a  necessity  for  them  is  shown. 
Very  resj^ectfally,  your  obedient  servant, 

J.  G.  Barnard, 
Colonel  of  Engineers  and  Bvt,  Maj,  Gen,, 

President  of  the  Board, 
Gen.  A.  A.  Humphreys, 

Chief  of  Engineers,  U,  8,  A, 

The  above  finding  of  the  Board  was  approved  by  the  Chief  of  En- 
gineers under  date  of  November  2%  1878.  By  letter  fipom  the  Chief  of 
Engineers  dated  August  15, 1879,1  was  authorized  to  make  such  change« 
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in  the  condact  of  the  work  ajs  experience  should  dictate,  it  being  im- 
possible to  devise  plans  for  theimprovementof  any  considerable  stretch 
of  riTer  which  could  be  rigidly  carried  out,  I  was  also  authorized  to  em- 
ploy dredging  as  an  auxiliary. 

The  contract  for  the  works  at  Gilbert's  Island  had  been  awarded  to 
W.  A.  McConnell,  of  Quincy,  III.,  but  owing  to  his  failure  to  make  satis- 
factory progress,  it  was  taken  from  him  and  given  to  his  sureties,  who 
carried  on  the  work  until  the  latter  part  of  September,  when,  the  approx- 
imate quantities  having  been  furnished,  the  contract  was  closed.  Much 
annoyance  and  delay  resulted  from  the  failure  of  the  contractor  to  per- 
form his  contract,  and  subsequently  from  the  inefficiency  and  inexperi- 
ence of  the  sureties.  Early  in  October  the  work  was  taken  in  hand  by 
the  government  and  prosecuted  by  hired  labor  to  the  close  of  the  season. 

Oilberfs  Chute  Dam  (No.  6,  sheet  73).--Thi8  is  1,775  feet  in  length  and 
located  about  2,500  feet  below  head  of  Gilbert's  Island,  with  shore  pro- 
tections on  eacn  end.  The  greatest  depth  of  water  on  ttie  line  of  the 
dam  was  7  feet  below  low-water  of  1864,  and  the  average  depth  4.27  feet. 
The  construction  was  the  same  as  heretofore  adopt^.  As  originally 
designed  the  crest  of  this  dam  was  built  to  1  foot  below  low- water  of 
1864  in  the  center,  from  whence  it  gradually  rose  to  2  feet  above  low- 
water  at  Missouri  shore  and  3  feet  above  at  the  island  shore,  and  it  was 
completed  on  this  plan  on  June  17,  1879.  Subsequently  it  was  decided 
to  raise  it,  and  in  September  a  further  quantity  of  rock  and  gravel  was 
placed  on  it  bringing  the  elevation  throughout  to  a  height  of  2^  feet 
above  low- water. 

Dam  N'o.  6  (sheet  72). — A  wing  dam  was  commenced  beginning  at 
the  gravel  point  just  above  head  of  Gilbert's  Island  on  Missouri  shore 
and  extending  out  into  the  river  for  the  purpose  of  turning  the  current 
down  the  Cincinnati  side.  After  a  short  time,  however,  work  on  this 
dam  was  stopped,  other  points  appearing  to  require  more  immediate 
attention. 

Illinois  shore  protection  (No.  1,  sheet  72,  Nos.  2  and  3,  sheet  73). — ^That 
part  of  the  Ulinois  shore  requiring  protection  extends  from  a  point  op- 
posite head  of  Gilbert's  Island  to  dam  No.  3,  a  distance  of  13,000  feet. 
A  portion  of  this  work  was  done  in  May  and  June,  1879,  some  1,050  feet 
of  bank  being  protected  at  that  time.  Later  in  the  season  about  9,000 
additional  feet  of  shore  protection  were  built  at  such  places  as  it  was 
deemed  most  necessary. 

Oilberfs  Island  shore  protection  (No.  4,  sheet  73). — Some  1,000  feet  of 
bank  were  protected  at  the  lower  end  of  Gilbert's  Island.  At  this  place 
and  on  a  part  of  the  Illinois  shore  work  piers  of  brush  and  stone  were 
constructed  at  intervals  of  50  to  100  feet,  and  between  the  bank  was 
sloped  and  covered  with  gravel  extending  out  to  a  depth  of  from  6  to 
10  feet. 

Wing-dam  Xo.  4  (sheet  73). — This  dam  extends  out  from  the  Illinois 
shore  opposite  foot  of  Island  No.  449;  was  begun  July  17,  and  finished 
August  2, 1879.  It  is  700  feet  in  length  with  shore  protection  100  feet 
long  and  spur  at  outer  end  40  feet.  Crest  at  shore  end  2  feet  above 
low-water,  at  outer  end  1  foot  below. 

Denmark  Island  Dam  (No.  7,  sheet  73). — This  closing  dam  is  1,500  feet 
in  length ;  a  portion,  some  700  feet,  extends  across  a  sand  bar,  but  the 
remainder  was  built  in  deep  water,  ranging  from  10  to  20  feet  below  low- 
water.  In  the  deeper  portion  great  difficulty  was  experienced  in  sink- 
ing mats  on  the  line.  This  dam  was  carried  to  an  average  height  of 
about  6  feet  above  the  bottom. 
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Drift  Slough  Dam. — ^A  layer  of  brash  and  rock  was  placed  across  the 
head  of  Drift  Slough  to  prevent  it  from  widening. 

Dredging, — From  an  examination  of  the  east  channel  in  July,  1879,  it 
became  evident  that  a  good  channel  could  not  be  maintained  even  with 
the  increase  of  volume  attributable  to  the  Gilbert^s  Chute  Dam,  and  ac- 
cordingly dredging  was  resorted  to  with  a  view  to  assist  the  operations 
of  the  dams  and  open  a  channel  for  boats,  but  the  water  falling  very 
rapidly  left  the  channel  in  very  bad  shape  and  much  trouble  was  ex- 
perienced. The  dredges  worked  with  indifferent  success,  the  sand  shift- 
ing very  rapidly  and  obliterating  in  great  part  the  results  of  their  labors. 
The  main  object  was  to  open  a  cut  along  the  Illinois  shore  from  the 
pocket  above  dam  No.  3  to  the  deep  water  below  dam  No.  4,  and  this 
was  finally  accomplished  after  many  interruptions,  but  in  a  short  time 
nearly  the  whole  cut  had  filled  up.  An  examination,  however,  made  in 
the  spring  of  1880,  shows  that  the  main  channel  now  follows  the  coarse 
of  this  cut  and  bids  fair  to  be  lasting  and  good. 

A  great  deal  of  time  was  spent  in  deepening  by  dredging  the  square 
crossing  between  dams  2  and  3,  and  by  this  means  a  tolerable  channel 
was  kept  open  for  boats.  A  cut  was  also  made  along  Gilbert's  Island 
from  above  dam  No.  2  to  a  point  some  distance  below,  but  this  afforded 
relief  for  a  short  time  only  as  it  soon  filled  up  again. 

Wing-dam  No.  2  (sheet  73). — Buns  out  from  the  east  side  of  Gilberffe 
Island,  starting  from  a  point  about  800  feet  above  the  square  crossing 
and  extends  700  feet  to  the  shoal  water  on  the  bar.  It  was  brought  op 
to  an  average  elevation  of  about  low- water  mark.  More  material  is  re- 
quired to  complete  this  dam  and  give  its  crest  the  proper  elevation. 

Wing-dam  No,  1  (sheet  73). — Euns  out  from  the  east  shore  of  Gilbert's 
Island  from  a  point  about  2,400  feet  above  No.  2  and  is  about  700  feet 
in  length,  extending  to  shoal  water  on  the  bar  opposite.  This  dam  is 
not  yet  completed. 

Wing-dam  No.  3  (sheet  73). — ^Was  begun  November  17  and  occupied 
a  part  of  the  working  force  until  the  termination  of  the  working  season, 
December  10, 1879.  This  dam  runs  out  from  the  Illinois  shore  from  » 
point  a  short  distance  below  the  square  crossing  some  1,200  feet,  and 
consists  of  2  layers  of  brush  covered  with  rock. 

Removal  of  portion  of  dam  No.  3. — ^A  survey  was  made  by  Inspector  0. 
N.  Chaffee  in  March,  1880,  for  the  purpose  of  ascertaining  what  changes 
had  occurred  since  the  previous  survey  of  July,  1879.  It  was  found 
that  the  best  channel  ran  down  the  Illinois  shore  over  dam  No.  3,  and 
past  the  end  of  dam  No.  4.  The  square  crossing  which  had  been  the 
channel  of  the  year  before  was  found  to  be  filling  up  and  it  was  accord- 
ingly determined  to  remove  a  portion  of  dam  No.  3  by  dredging,  in  order 
that  boats  might  pass  down  the  Illinois  shore  where  the  best  water 
existed.  Work  was  begun  on  April  5  and  completed  on  the  15th,  some 
430  feet  of  the  dam  being  taken  out  and  the  material  chiefly  deposited 
on  dam  No.  4.  Dredging  was  done  with  dredge  and  outfit  hired  by  the 
day.  This  new  channel  is  straight  and  comparatively  deep,  and  if  it 
can  be  maintained,  of  which  there  now  seems  to  be  no  reasonable  doubt, 
the  problem  of  the  improvement  of  this  locality  will  have  been  solved. 
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immarjf  of  work  at  Oilberfs  Island  from  its  commencement  up  to  and  including  June  30, 1880. 


DeecriptioD. 


tllwrt'B  Cbat«  Dam 

^inC-dMnNaS 

linoli  shore  proteotioD 

flbcit's  Island  shore  protection. 

^iBg-damNa4 

enmark  Island  Dam 

rift  Sloarii  Dam 

^iBg-damSo.2 

^ing-damNal 

^ins-dam  Na  3 

reaging 

emoring  part  of  dun  No.  3 


Total 

iperintendence,  office  expenses,  Ae. 


Total. 


Linear 
feet. 


1,775 


10,050 
1,000 
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1,500 
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700 
700 

1,200 


430 


Bock. 


Brush. 
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7,240 
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3,235 
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1,022 
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804 

1,032 

1,490 


19,279 


OuXnevdt. 
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1,041 
1,803 
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1,602 
1,886 

116 
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1,508 


18,687 
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Oubieyds. 
1,882 


8,902 
500 


108 
721 


11,068 


Sand. 


OuHeyds. 


28.782 


^28,782 


Amomil 


1, 
14, 
1, 
2, 
5, 

1, 
2, 

5, 


854  12 
834  90 
899  96 
220  04 
200  17 
630  46 
227  U 
788  20 
514  06 
259  84 


1,296  76 


62,854  64 
8,764  02 


56,U9  46 


Of  the  abore  amonnt  the  snm  of  $11,724.20  was  expended  prior  to  Joly  1, 1879. 

I  take  pleasure  in  calling  attention  to  the  zealous  and  able  maimer  in 
'hich  the  inspector,  Mr.  O.  N.  Chaffee,  has  carried  on  the  various  works 
1  the  vicinity  of  Gilbert's  Island  which  have  been  superintended  by 
im  from  the  beginning. 


IV. — SLIM  ISLAND. 

The  works  proposed  for  the  locality,  which  are  included  in  the  project  for 
lie  improvement  of  the  river  from  just  below  Glarksville,  Mo.,  to  Ham- 
urg,  Ul.,  a  distance  of  14  miles,  consist  in  closing  several  side  channels 
f  the  river,  to  confine  aU  the  water  in  one  channel,  and  of  dpur-dams  to 
)ntract  the  water-way  and  direct  the  currents.  Tne  original  project  of 
[ajor  Farquhar  received  the  indorsement  of  the  ^^  Board  of  Engineers  on 
)w- water  navigation  of  the  Mississippi  River"  November  16, 1878,  and 
tie  approval  of  the  Chief  of  Engineers  November  26.  After  due  ad- 
ertisement  the  contract  for  the  works  at  Slim  Island  was  awarded  to 
'ruin  &  Co.,  of  Saint  Louis,  who  pushed  their  work  energetically  and 
itisfactorily  to  the  government. 

Carroll  Chute  Dam  (No.  1,  sheet  77). — ^Work  was  begun  on  this  dam 
Lpril  15, 1879,  and  it  was  completed  in  the  latter  part  of  September. 
b  is  678  feet  in  lepgth,  and  was  built  to  a  height  of  2  feet  above  low- 
ater.  An  examination  of  the  dam  made  this  spring  shows  that  it  has 
ink  about  3  feet  evenly  along  its  length. 

Slim  Island  shore  protection  (No.  1,  sheet  77). — This  work  was  begun 
[ay  13  and  completed  September  17, 1879,  during  which  time  2,966  feet 
r  caving  bank  were  protected  from  abrasion,  beginning  at  the  head  of 
le  island  and  extending  down  its  eastern  shore.  It  is  now  in  excellent 
)ndition. 

Coon  Island  Dam  (No.  2,  sheet  77). — This  dam  is  428  feet  long,  with 
lore  protection  at  each  end  of  100  feet  The  crest  of  the  dam  was  car- 
ed to  a  height  of  1  foot  above  low-water.  Work  was  begun  June  2 
od  finished  June  13, 1879.    This  dam  has  settled  but  slightly. 

Orime^s  Island  Dam  (No.  3,  sheet  77).— This  dam  is  1,204  feet  long, 
ith  100  feet  shore  protections.  The  greater  part  of  the  dam  is  on  a 
ind-bar,  which  is  dry  at  low-water,  and  it  was  built  to  prevent  the  Chan- 
el from  cutting  through  this  bar.  Commenced  June  13  and  finished 
aly  14,  1879.    The  dam  remains  in  excellent  condition. 
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Spur-dam  above  head  of  Slim  Island  (No.  4,  sheet  77). — This  dam  is  70^ 
feet  loDg,  with  100  feet  shore  protection  and  200  feet  T-head  at  oater 
end.    It  was  built  to  a  height  of  1  foot  above  low-water,  was  began  July 
14  and  completed  Angast  6, 1879,  and  i»  now  in  excellent  condition. 

Slim  Island  Chute  Sam  (No.S,  sheet  77). — This  dam  closes  Slim  IslaDd 
Chute,  and  is  504  feet  in  length,  with  shore  protections  of  100  feet  at  each 
end.  Greatest  depth  at  low-water,  7  feet.  It  was  carried  to  a  height  o< 
2  feet  above  low- water,  and  was  completed  September  16,  1879.  The 
examination  of  this  spring  shows  that  it  has  settled  about  3  feet. 

Shore  protection^  head  of  CarrolPs  Island  (No.  2,  sheet  77). — This  pro- 
tection is  300  feet  in  length,  extending  from  the  head  of  the  island  down 
the  western  shore.  Begun  Septeml^r  13  and  finished  September  26, 
1879.    It  is  now  in  exceUent  condition. 

Shore  protection,  foot  of  Orime^s  Island  (No.  3,  sheet  78). — This  work 
extends  from  foot  of  Grimes's  Island  up-stream  690  feet.  Begun  Septem- 
ber 29,  finished  October  6,  1879,  and  is  now  in  very  good  condition. 

Illinois  shore  protection  {^o.  4,  sheet  77). — Some  1,500  feet  of  bank 
were  protected  on  the  Illinois  shore  opposite  Grimes's  Island,  the  work 
being  done  between  October  6  and  October  20, 1879.  It  is  now  in  fine 
condition. 

As  the  result  of  the  works  in  the  vicinity  of  Slim  Island,  we  note  grei^ 
improvement  in  the  Carroll's  Island  crossing,  the  first  two  crossings  be- 
low head  of  Slim  Island,  and  the  crossing  at  foot  of  Slim  Island,  and  as 
these  were  formerly  the  worst  obstructions  in  that  part  of  the  river  in- 
cluded in  the  scope  of  the  works  already  constructed,  our  labors  may  be 
said  to  have  been  reasonably  successful. 

To  the  inspector,  Mr.  J.  H.  Morrison,  who  has  superintended  the  worka 
in  vicinity  of  Slim  Island  from  their  commencement,  great  credit  is  due 
for  the  intelligent  and  zealous  discharge  of  his  duties. 

Summary  of  work  at  Slim  Island  from  iU  commencement  up  to  and  including  June  30, 1880. 
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485.63 
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$5,54»» 
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1,716M 
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33,578  4$ 
4.384  61 

37.963  01 


Of  the  above  amount  the  sum  of  $13,319.60  was  expended  prior  to  July  1, 1879. 

I  append  the  following  memoranda  of  Capt.  B.  D.  Greene,  Corps  of 
Engineers,  in  reference  to  works  of  improvement  on  Upper  Mississippi 
River,  &c. : 

MEMOBAXDUM. 

I.  The  closing  of  chutes  aud  confining  the  river  to  a  single  channel  is  of  the  first 
importance,  but  this  should  not  be  done  unless  there  is  money  sufficient  to  protect  th6 
banks  at  the  same  time. 


vJt4ipffle  toiaottth  ofJ/lr/fOfs/ttyer: 


u 
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The  construction  of  win^>daind  near  the  upper  side  of  sand-bars  to  hold  the  sand 
n  the  eddy  below  i^  important  both  in  retaining  the  sand  and  rendering  the  chanhel 
permanent. 

It  is  not  necc^ssary  or  desirable  to  hold  or  force  the  river  to  a  uniform  T^'idth  of  chah- 
lol,  or  to  endeavor  to  straigben  it  or  give  it  an  easy  curve. 

METHODS   OF   CONSTRUCTION. 

II.  Some  mmlitications  mnst  be  made  in  present  construction  of  dums  and  shore 
rotection.  With  any  considerable  amount  of  money,  the  quantity  of  brush  accessi- 
le  will  not  lie  sufficient  to  make  any  calculations  upon  its  use.  The  main  dependence 
lust  be  placed  upon  rock  ;  when  gravel  can  be  found,  rock  and  CTavel  will  do  well. 
Q  closing  a  chute,  if  the  water  is  15  or  20  feet  deep,  I  believe  rock  alone  would  not 
3ttlc  much.  It  might  need  a  little  brush  or  gravel  at  the  angles  at  ends.  In  shoaler 
rater  the  sand  is  lens  finu  and  a  dam  of  rock  alone  would  probably  sink.  Gravel  foun- 
ation  would  do  with  gravel  backing.  If  gravel  cannot  be  had,  perhaps  an  apron  and 
ven  a  whole  foundation  can  be  made  of  poles  5  to  8  inches  in  diameter,  covered  with 
oards  with  intervals  of  2  to  4  inches.  It  is  not  necessary  that  mats  for  shore  protec- 
ion  should  be  1  foot  thick ;  large  willows  30  to  40  ft^et  lon^  can  be  made  into  rafts 
nd  used  instead  of  mat^  along  the  shore  where  the  current  is  usually  gentle  and  they 
an  be  sunk. 

III.  The  way  to  dc»  this  kind  of  work  is  bv  hired  labor,  for  two  reasons :  1st.  If  done 
»y  contract  the  economical  conditions  are  ft-equeutly  not  the  same  for  tke  government 
•nd  for  the  contractor;  therefore  the  latter  must  allow  a  wide  margin,  wiiich  greatly 
ncreases  the  cost  of  the  whole  work.  For  example :  while  at  work  upon  a  dam  a 
lank  is  discovered  to  be  cutting  seriously  a  mile  or  two  below.  It  may  be  for  the 
nterest  of  the  government  to  change  work  to  that  point  without  delay  ;  this  may  be 
ittcnded  with  considerable  additional  expense  to  the  contractor,  or  the  construction 
nay  have  to  be  unusual,  or  only  temporary  ;  and  for  all  these  variations  the  govern- 
nent  must  not  only  pay,  but  pay  also  for  the  chance  that  they  may  occur,  because  no 
>rudent  contractor  would  fail  to  consider  this  matter  well. 

2d.  As  no  contractor  can  be  certain  of  more  than  the  one  work  he  has  in  hand,  he 
!oo«  not  feel  able  to  get  a  suitable  plant,  and  attempts  to  get  along  cheaply,  thereby 
causing  the  work  to  drag,  even  if  it  does  not  fail  altogether. 

I  believe  the  advantages  the  government  would  have  in  these  two  points  would 
nore  than  balance  the  disadvantages  under  which  public  works  are  usually  conducted 
>y  the  public  itself. 

IV.  Work  will  generally  be  done  upon  parts  of  the  river,  such  that  an  outlay  of 
^0,000  at  least  will  be  require<l  in  a  season.  In  quartering  men  a  quarter-boat  will 
[>e  better  than  putting  meu  in  tents;  the  advantages  are,  health,  convenience,  com- 
fort., and  economy. 

The  outfit  for  one  of  these  works  should  consist  of  one  steamboat  and  six  or  eight 
l>arge8,  one  quarter-boat  for  men,  one  for  overseer,  and  from  four  to  six  small  boats, 
with  proper  outfit  of  lines,  tools,  &c.  In  most  places  where  work  will  first  be  done 
the  rock  nmst  be  brought  several  miles. 

It  is  therefore  desirable  that  barges  should  go  in  pairs,  both  for  economy  and  con- 
venience of  handling.  In  building  dams  probably  no  better  way  of  handling  rock  than 
the  one  now  in  praccice  is  to  be  desired,  but  in  putting  rock  on  shore  it  would  seem 
that  a  derrick  might  be  used  to  advantage. 

SUMMAKY   FOR   FISCAL   YEAR  ENDING  JUNE   30,    1880. 

Improvements  at  Canton,  Mo $10,739  38 

Improvements  at  Hannibal,  Mo 822  51 

Improvements  at  Gilbert's  Island 44, 395  26 

Improvements  at  Slim  Island 24, 643  49 

Maps  and  surveys 2, 090  54 

Total  expended 82,691  It 

Five  hundred  thousand  dollars  could  be  well  spent  every  year  on  this 
division  of  the  river  until  the  work  of  improvement  is  completed,  and 
such  a  sum  would  be  more  economical  than  smaller  ones,  for  obvious 
reasons. 

For  reasons  stated  above  in  report  on  *^  Improvement  Mississippi 
River,  Saint  Paul  to  Des  Moines  Kapids,''  I  would  also  respectfully  re- 
quest that  a  dredge  and  outfit  may  be  i)rocured  for  use  on  this  division 
of  the  river  at  a  cost  not  to  exceed  $15,000. 
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It  is  proposed  during  the  present  season,  with  the  amount  now  avail- 
able, to  continue  the  works  at  Canton,  Gilbert's  Island,  and  Slim  Islaod, 
and  to  inaugurate  improvements  at  Gregory's  Bar  and  Westport  Chute, 
and  such  other  points  as  may  prove  most  troublesome  during  the  com- 
ing low- water. 

kBSTRACT   OF    APPROPRIATIONS    FOR    IMPROVEMENTS    MISSISSIPPI     RIVER    FROM    DK 

MOINES  RAPIDS  TO   ILLINOIS  RIVER. 

By  act  approvedJune  18,  1878 $100,000 

By  act  approved  March  3, 1W9 40,000 

By  act  approved  June  14,  1880 , 100,000 

240,000 

Money  statement. 

Improvement  of  Mississippi  Biver  from  Des  Moines  Rapids  to  mouth  of  Ohio  Biter. 

July  1,  1879,  amount  available $45,236  68 

July  1,  1880,  amount  expended  during  tiscal  year 45,236  66 

Improvement  of  Mississippi  Biver  from  Des  Moines  Bapids  to  mouth  of  Illinois  Bim. 

July  1,  1879,  amount  available $40,000  00 

Amount  appropriated  by  act  approved  June  14,  IS-iO 100,000  00 

$140, 000  01 

July  1,  1880,  amount  expended  during  fiscal  year 37, 454  ^ 

July  1,  1880,  amount  available 102,545  48 

Amount  that  can  be  profitably  expended  in  fiscal  year  ending  June  30, 1882.     500, 000  00 


Jhstract  of  proposals  received  and  opened  this  27th  day  of  August j  1879,  by  Capt.  A,  Mtt- 
kemiey  Corps  of  Engineers,  U.  S,  A,y  for  building  dams  and  shore  protections  of  brush  mi 
ston€  in  the  Mississippi  Biver^  at  Canton  Chute,  near  Canton,  Mo, 


2 
8 

4 
5 
6 


Names  and  residences  of  bidders. 


Fred.  W.  Menkc  and  John  H.  Bitler,  Qaincy, 

lU 

H.  &  Brown,  Hamilton,  HI 

Fmin  &  Co.,  Saint  Loais,  Mo 

Whitnev  &,  Son,  Keokuk,  Iowa 

Jacob  Eoert,  Quincy,  111 

Samael  S.  Sample,  &eokiik,  Iowa 


6,000  cubic 

yards 

5,000  cubic 

jards 

stone. 

brush 

■ 

Per  cubic 
yard. 

$1  49 

Amount. 

Per  cubic    *->,„„„* 
yard,     j-^^®*^*- 

1                 1 

1 
$8,940          10  80 

$4,000 

1  30 

7,800                90 

4,500 

1  60 

9,600                65 

4,250 

1  21 

7,260                63 

3,150 

1  26 

7,560  I              64  ' 

3,200 

1  09 

6,540 

77  1 

1 

3,850 

Aggrefttt 


$12,  Wi 
12. 3N 
13. » 
l«l41l 
10,711 
10, 3N 


final  report  on  survey  of  upper  mississippi  river,  from  sai1«t 
paul,  minnesota,  to  mouth  of  illinois  river. 

United  States  Engineer  Office, 

Rock  Island^  J7Z.,  July  — ,  1880. 

General  :  I  have  the  honor  to  present  as  an  appendix  to  my  annual 
report  a  final  report  on  a  continuous  survey  of  the  Upi>er  Mississippi 
River,  from  Saint  Paul,  Minn.,  to  the  mouth  of  the  Illinois,  made  under 
direction  of  Maj.  F.  U.  Farquhar,  Corps  of  Engineers,  in  1878  and  1879. 
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AUTHORITY  FOB  THE  SURVEY. 

rbe  act  approved  June  18, 1878,  made  an  appropriation  for  the  im- 
)vement  of  the  Upper  Mississippi  Kiver  both  above  and  below  the 
s  Moiues  Kapids. 

The  officer  in  charge  wrote  the  letters  from  which  the  following  ex- 
cts  are  taken : 

[Extract.] 

United  States  Engineer  Office, 

Bock  Island,  III,,  June  28,  1878. 

exeral:  *  *  •  No  complete  or  connected  survey  of  this  part  of  the  river 
at  Paul  to  Des  Moines  Rapids)  has  ever  been  made,  and  such  a  survey  is  abso- 
>ly  necessary  for  a  proper  study  of  the  river.  Using  the  partial  surveys  already 
le,  a  connect4»d  survey  can  be  made  for  830,000.  This  would  enable  me  to  put 
^  parties  into  the  field,  and  would  much  facilitate  the  construction  of  the  proposed 
•k  mentioned  below.     •     »    • 

F.  U.  Farql'har, 
Major  of  Engineers, 
hief  of  Engineers,  U.  8.  A. 

[Extract.] 

United  States  Engineer  Office, 

Rock  Island,  III,  July  1,  1878. 

rENERAL :  *  *  *  No  surveys  have  been  made  of  the  Mississippi  River  between 
Des  Moines  Rapids  and  the  mouth  of  the  Illinois  on  which  any  project  for  works 
mprovement  can  be  base<l.  Last  year  examinations  of  the  worst  bars  were  made, 
the  examinations  were  not  detailed  nor  extensive  enough,  aud  before  any  works 
constructed  surveys  must  be  made.  I  propose  sending  two  parties  out  to  make 
li  surveys  at  once,  and  then  complete  a  good  survey  of  the  river  from  Keokuk  to 
month  of  the  Illinois  River.  Such  surveys  can  be  made  during  the  present  season 
two  parties  and  will  cost  about  $30,000. 

F.  U.  Farquhar, 
Major  of  Engineers, 
HIEF  of  Engineers,  U.  S.  A. 

Dhe  project  for  surveys,  dated  June  28,  as  also  the  project  dated 

ly  1,  were  approved  by  the  Chief  of  Engineers  under  date  of  July  8^ 

r8. 

Che  organization  of  a  special  party  (No.  6)  for  a  more  minute  survey 

a  limited  portion  of  the  river  was  authorized  by  the  following  letter: 

[Extract.] 

Office  of  the  Chief  of  Engineers, 

Washington,  D.  C,  September  14,  1878. 

IR :  Your  letter  of  the  9th  instant,  reporting  that  yon  have  selected  the  portion  of 
Mississippi  River  between  Burlington,  Iowa,  and  Fort  Madison,  Iowa,  for  the  ob- 
rations  required  by  the  Board  of  Engineers,  constituted  by  S.  O.  71,  current  series, 
report  upon  improvement  of  the  low-water  navigation  of  the  Mississippi  River, 
,  nas  been  received.  To  enable  you  to  carry  on  tne  observations  proposed  by  the 
krd,  you  are  authorized  to  employ    »    •    •    ^  &c. 

John  G.  Parkk, 

Major  of  Engineers, 
[aj.  F.  U.  Farquhar, 

Corps  of  Engineers, 

PREVIOUS  SUR\^YS. 

Dhe  surveys  that  had  been  previously  made  on  the  Upper  Mississippi 
rer  were  surveys  of  General  G.  K.  Warren,  1866-1869,Jof  detached 
alities  principally  above  Winona  Minn.,  and  surveys  of  detached 
alities  made  by  Col.  J.  N.  Macomb,  1874-75,  under  the  appropriation 
"  Transportation  routes  to  the  seaboard." 


I 

I 
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The  great  changes  in  the  channel  of  the  river  that  had  occurred  sub- 
sequent to  these  surveys,  and  the  want  of  continuity. of  the  surveys 
themselves,  made  them"  of  little  use  for  planning  and  estimating  the 
immediate  work  to  be  done  for  the  improvement  of  particular  localities, 
except  as  furnishing  valuable  data  for  studying  changes  in  the  river  bed. 
It  was  thought  best,  therefore,  to  make  a  continuous  survey  from  Saint 
Paul  to  the  mouth  of  the  Illinois  excepting  only  the  Des  Moines  and 
Eock  Island  Eapids,  where  there  were  alrea/dy  very  thorough  hydro- 
graphic  surveys  completed  for  the  purposes  of  the  improvement  at  those 
places. 

APPORTION>rENT   OF   THE  WORK. 

There  were  originally  contemplated  five  parties,  three  for  the  division 
above  Des  Moines  Eapids  and  two  for  that  below ;  but,  owing  to  the 
lateness  of  the  season  when  work  was  begun  and  a  desire  to  finish  it 
before  winter,  it  was  found  necessary  to  add  several  sub-parties. 

Party  No.  1,  Assistant  F.  Terry  in  charge,  wa«  at  first  intended  to  work 
between  Hastings,  Minn.,  and  Lynxville,  Wis.,  using  the  surveys  of 
General  Warren  and  Colonel  Macomb  when  possible.  It  was  found, 
however,  that  even  with  this  assistance  the  district  was  too  long  to  be 
<50vered  during  the  remainder  of  the  season,  and  a  part  of  the  field  work 
was  therefore  performed  during  the  spring  of  1879. 

Examination  of  that  portion  of  the  river  above  Hastings  also  made 
it  evident  that  to  plan  a  system  of  improvements  suitable  to  its  present 
condition  a  new  survey  would  be  necessary,  and  it  was  accordingly  made 
in  June,  1879,  by  a  party  under  Assistant  Engineer  J.  L.  Gillesi>ie. 

Party  No.  2,  under  Assistant  F.  W.  Lehnartz,  operated  l>etween  Lynx- 
ville, Wis.,  and  Savanna,  111.  This  district  was  also  fouud  to  be  too  long 
to  be  covered  in  the  time  allotted,  and  two  sub-parties  were  added,  one 
survey,  under  Assistant  Max.  E.  Schmidt,  running  from  Bellevue,  Iowa, 
to  Golden's  wood-yard,  and  the  other,  from  Sand  Prairie  to  Savanna, 
was  made  by  Assistant  C.  W.  Durham  with  the  crew  of  the  United 
States  steamer  Montana. 

Party  No.  3,  under  Assistant  J.  P.  Allen,  operated  between  Savanna 
and  Slater's  wood -yard,  7  miles  above  Burlington,  Iowa. 

S^fecial  party  No.  6,  under  As8ista,nt  G.  A.  Marr,  worked  from  Slater's 
wood-yard  to  the  heawi  of  Des  Moines  Rapids.  To  this  party  was  given 
a  shorter  section  of  river  than  to  the  others,  that  it  might  make  a  more 
perfect  and  detailed  survey  for  purposes  of  study,  and  to  it  was  assigned 
the  duty  of  procuring  information  required  by  the  Board  of  Engineers 
<;onstituted  by  Special  Orders  No.  71, 1878  (see  letter  above),  on  low- water 
navigation  of  the  Mississippi  and  Missouri  rivers.  A  spe<*ial  report  on 
the  work  of  this  party  was  made  to  General  Z.  B.  Tower,  senior  officer  of 
the  Board,  under  date  of  February  5,  1880. 

Party  No.  4,  under  Assistant  Henry  Custer,  operated  between  Keokuk, 
Iowa,  and  Hannibal,  Mo. 

Subparty  No.  7,  under  Assistant  J.  H.  Morrison,  operated  l>etween 
Hannibal  and  the  foot  of  Clarksville  Island. 

Party  No.  5,  under  Assistant  F.  A.  Churchill,  from  foot  of  Clarksville 
Island  to  the  mouth  of  the  Illinois  liiver. 

METHODS  OF   SURVEY. 

Transit  lines. — Transit  lines  were  run  in  lengths  of  from  15  to  20  mile^ 
from  one  azimuth  station  to  another,  at  which  stations  observations  ot 
Polaris  were  made  for  checking  the  azimuth.    They  followed  the  easiest 
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grouBd,  usually  the  railroad  or  a  coininon  road,  or,  in  def^rult  of  these, 
one  bank  of  the  river.  I)istaQce9  ou  thi3  lioe  were  oarefuUy  chainea 
^q4  topography  s^ketched. 

8ta4ialinea. — Stadia  lines  followed  the  river  bapk,  locating  pojnta  foir 
^ppgrapby,  a,nd  also  the  souuding  stations  built  in  advance  by  a  special 
party  of  two  or  three  men  in  a  skiff* 

At  intervals  this  stadia  line  was  connected  with  the  transit  line  so  as 
to  check  it  for  distance  and  azimuth. 

In  some  cases  (notably  party  No.  1)  instead  of  a  transit  line  a  system 
pf  triangulation  was  used  with  very  good  results.  All  important 
tiranches  of  the  stream  were  surv^eyed  with  stadia  as  well  as  the  main 
river,  but  it  was  found  impossible  witbjn  the  limits  of  the  funds  allotted 
i^nd  time  at  disposal  to  make  a  survey  extending  from  bluif  to  bluff  or 
of  the  entire  river  bottom. 

Level  lines. — Level  lines  were  run  along  the  river  bank,  with  bench 
marks  at  frequent  intervals  and  numerous  determinations  of  the  water 
surface  (every  1,000  feet).  A  check  line  of  levels  was  also  run  connect- 
ing the  benches. 

At  all  towns  and  steamboat  landings  benches  had  been  established 
and  extreme  low-water  determined  during  low-water  of  1877.  These 
benches  were  leveled  in  and  a  low-water  line  obtained  as  shown  in  Plate 
II.  Frequent  water  gauges  were  established  and  the  water  surface  re- 
corded daily  during  the  time  of  survey.  Each  party  started  its  levels 
from  an  assumed  datum  which  was  afterwards  reduced  on  a  general 
profile  of  the  river  to  elevations  above  sea  level.  These  last  are  figured 
from  the  recent  determination  of  altitude  of  Lake  Superior  by  the  lake 
survey  and  determination  of  low- water  at  Saint  Paul  by  Henry  Gannett, 
of  United  States  Geological  Survey.  A  list  of  the  permanent  bench 
marks,  with  descriptions  of  the  same,  is  included  in  this  report,  giving 
elevations  of  bench  marks  and  low-water  above  sea  level. 

Extreme  low-water  is  0.75  foot  below  low- water  of  1877,  as  determined 
at  each  bench  mark  during  the  very  low- water  of  that  season.  In  that 
year  an  unusual  low-water  occurred  (the  lowest  since  1864)  and  was  of 
six  weeks'  duration,  extending  over  the  whole  upper  river,  and  giving  a 
remarkably  good  opportunity  for  determining  the  low- water  elevation  at 
each  place.  The  plane  of  low- water  then  determined  agrees  with  the 
low-water  of  1864  recorded  at  Eock  Island  and  Keokuk,  the  only  two 
places  where  low-water  of  1864  was  reliably  recorded.  At  Winona  and 
La  Crosse  Bridges,  gauges  set  to  the  above  determination  of  low-water 
of  1864  agreed  closely  with  gauges  previously  set  by  the  bridge  engi- 
neers from  alleged  extreme  low-water  marks,  and  the  inference  is  that 
the  gauges  and  low-water  line  are  quite  correct.    (See  profile  sheet.) 

During  1879  a  large  number  of  gauges  were  read  at  various  points 
along  the  river,  and  these  have  been  platted  for  more  convenient  study 
of  the  differences  of  ranges  of  water  surface,  &c.  (See  sheet  of  gauge- 
readings.) 

Extreme  low-water  occurring  during  the  winter  or  from  ice  gorges 
has  not  been  considered  in  determining  the  low- water  line  as  not  influ- 
encing navigation. 

Sounding. — The  sounding  was  done  either  with  steam  launch  or  row- 
boat,  the  latter  propelled  by  two  oarsmen ;  usually  the  assistant  in  charge 
of  the  party  accompanied  the  sounding  party.  The  party  consisted  of  the 
sounder,  two  oarsmen  (or  pilot  and  engineer  of  steam  launch),  recorder, 
and  steersman.  The  sounder  was  furnished  with  a  pole  marked  in  feet 
and  tenths  (burned  in),  and  from  12  to  20  feet  in  length,  and  with  a  light 
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cotton  rope  having  a  loop  on  the  end  to  pass  around  the  sounder's  wrist 
This  cord  being  divided  into  feet  by  means  of  tags,  i)ermitted  sounding 
to  a  greater  depth  than  the  length  of  the  pole.  Depths  greater  than 
the  length  of  the  pole  and  cord  combined  were  generally  recorded  as 
^,  or  no  bottom  at  20  feet  where  20  feet  represents  such  combined 
length.  When  deemed  advisable  the  lead  was  used.  All  the  soundings 
were  made  by  time  intervals,  except  in  8i>ecial  cases  where  the  sextant 
was  used  to  give  additional  accuracy,  or  a  stadia  rod  on  the  boat  was 
read  at  intervals  from  an  instrument  on  shore.  The  assistant  engineer 
in  charge  kept  the  sounding  record.  The  sounding  stations  were  built 
by  a  i>arty  in  advance  of  the  stadia  work.  They  worked  down  stream, 
and  two  men  with  a  skiff  on  the  river  above  Hastiags  could  put  up  sta- 
tions averaging  400  feet  apart,  and  constructed  as  shown  in  Plate  I,  for 
about  4  miles  of  river  per  day.  The  sounding  stations  were  numbered 
from  1  to  10  in  series  on  each  side  of  the  river.  In  party  No.  I  the 
stations  were  marked  by  sticks  nailed  upon  trees  or  x)osts,  so  as  to  form 
Koman  numerals,  and  then  whitewashed,  a  method  much  employed  on 
the  Lake  Survey.  They  were  well  adapted  to  the  Mississippi  River 
survey,  and  being  easily  found  and  quite  permanent,  they  are  partic- 
ularly useful  where  resurveys  are  contemplated.  The  stations  were 
placed  from  100  to  800  feet  apart,  the  average  being  about  400  feet,  but 
at  localities  where  closer  observations  were  required,  namely,  at  the 
different  channel  crossings,  they  average  about  200  feet  apart.  Besides 
the  sounding  stations,  Plate  I  also  shows  the  form  of  various  instm- 
ments  used  on  this  survey,  which  were  found  in  practice  to  be  well 
adapted  to  the  work. 

Oaugings. — Frequent  gaugings  of  the  river  were  made,  and  the  meth- 
ods and  formulae  of  Humphreys  and  Abbot  employed.  In  party  No.  6 
special  accuracy  was  aimed  at,  and  a  description  of  the  work  is  furnished 
in  a  special  report  to  Col.  Z.  B.  Tower,  dated  February  5,  1880,  and  also 
in  an  appendix  accompanying  my  annual  report  for  1879-'80. 

The  gaugings  made  by  other  parties  were  more  or  less  approximate, 
and  the  less  rigorous  methods  of  Humphreys  and  Abbot  were  applied. 
Usually  a  base  of  200  feet  was  measured  along  the  river  bank  at  a  suit- 
able place,  and  three  parallel  lines  of  soundings  made  across  the  river 
perpendicular  to  the  axis  of  the  stream. 

The  average  of  the  three  areas  obtained  was  considered  the  mean  area 
for  the  stage  at  which  the  soundings  and  gauging  were  made.  The  path 
of  each  float  was  located  by  intersections,  a  theodolite  being  stationed 
at  some  distance  below  the  base  for  that  purpose.  These  paths  were 
platted  on  a  plan  of  the  gauging  section,  and  the  measured  mid-depth 
velocity  laid  down  to  scale  perpendicular  to  the  line  of  mean  sectioD. 
Through  the  extremities  of  these  ordinates  a  line  was  drawn  by  means 
of  flexible  splines,  and  used  for  interpolating  10  mid-depth  velocities 
corresponding  to  10  sections  of  equal  length,  into  which  the  mean  sec- 
tion was  now  divided.  The  area  of  eaeh  section  was  multiplied  by  the 
interpolated  mid-depth  velocity,  and  the  sum  of  all  the  10  multiplied  by 
0.95  gave  the  discharge.  Eeductions  to  low-water  were  made  under  the 
assumption  that  S,  calculated  for  the  given  gauging  and  stage,  retained 
the  same  value  at  low- water.  The  new  area  of  mean  section  was  calcn- 
lated  and  new  values  of  V  and  Q  determined  (see  Plate  III).  The 
adopted  low-water  discharges  are  given  in  the  profile  sheet  at  varioas 
points,  together  with  the  drainage  areas  of  the  ditterent  tributaries. 
Plate  IV  gives  a  diagram  of  the  discharge  at  various  stages  as  meas- 
ured by  the  careful  methods  employed  at  Burlington. 
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LATITUDE  AND  LONGITUDE. 


ication  having  been  made  by  Major  Farquhar  to  Major  Comstock, 
tendent  of  the  Lake  Survey,  the  positions  in  latitude  and  longi- 
the  following-named  points  were  furnished : 


ona. 


DcAciiption  of  reference  jMiuts. 


Latitude. 


Lout^tude  west 
I    from  Green- 

1  wlch. 


.MinD. 
Wis  . 
id,  m. 


1,  Iowa. 
Mo.... 


To  e««t  corner  Miuer'a house,  N.  10°  52'  W  ,  164.7 
feet ;  to  eaHt  comer  Frazer's  house,  N.  84*='  28' 
E.,  180.7  feet ;  to  nortbeaAt  comer  of  Method- 
ist Episcopal  Church,  S.  54°  14'  W.,  338  feet .... 

Astronomical  post  northwest  comer  court-house 
yard 

Spire  of  Catholic  church 

In  court-house  square,  post  72'  10"  from  south- 
east comer  court-house,  49^  9 '  fi-om  southwest 
comer  of  jail 

Astronomical  post  on  Uniti'd  States  arsenal 
grounds 

Southeast  comer  of  iruard-house 

Gas-pipe  ^  2,  Kock  Island  Rapids  improvement 
8U^^'ev 

South  riill,  public  square 

Astronomical  post,  northwest  comer  High  School 
yard 

Northeast  comer  High  School  building 

Southeast  comer  of  brick  house  on  northwest 
comer  of  Novles  and  Fourth  streets 


42    25    09. 50  I      90    25    52. 05 


44    33    44.16 
44.64 


43    48    50.1 

41     31    03.41 
01.51 

03.69 
40    48    22.04 

39    27    14.30 
12.64 

15.25 


92    31    59.25 
49.66 


91     14    48 

90  33    40.10 

45.99 

40.39 

91  06    25.35 

91    03    06.30 
08.18 

07.42 


leterminations  at  Rock  Island,  Red  Wing,  and  Louisiana,  were 
y  Lieut.  C.  F.  Powell  in  the  autumn  of  1878. 

meanurements  on  the  Upper  Missmippif  by  the  Humphreys  and  Abbot  method  of 

mid-depth  floats. 


ality 


n'sBar  ....  1874  * 
1H78 

187H  ; 

ixm* 

K»rt 1878 

athof  Wis-  I 

I  1878 

1878 

1878 

Qd 1878 

lH8«t 

Q 1879 

1H79 

1878 

1 1878 ; 


5.8 
3.5 
1.3 
8.1 
1.0 

0.96 
3.1 
1.1 
2.1 
18.4 
7.2 
0  7 
5.2 
1.5 


be 

Si 


9   2 


0^     ** 


1. 
1. 
1. 
1, 

1, 
1. 

•> 

"1 

2. 
2, 
2. 
2, 

9 

*"• 

1, 


500 
476 
785 
570 

237 
736 
087 
444 
737 
406 
333 
339 
100 


1.  788  22,  331 
1,  573  15,  637 


1,239 
1.737 
2,088 
2,445 
2,740 
2,  410 
2.  :*35 
2,  341 
1,102 


16, 181 
23.  227 
21,599 
19.109 
60,880 
34,791 
19,  749 
25,  571 
17,086 


1.658 
1.856 
3.237 
1.553 

1.270 

1.615 

1.284 

1.586 

4.3456 

2.975 

1.414 

2.403 

2.267 


Cu.  ft.  p.  tee. 
2«»,  091 
21. 212 
16,061 
72,298 
16,  473 

•20,527 

37,  512 
27,  743 
30,  313 

251, 348 

103,  536 

27.929 

61,445 

38,  741 


Cu. 


ftp.  iec. 
5,000 
10.000 
11,000 
11,000 
14,000 

17  000 
18,500 
19,000 
19,000 
19,000 
22,000 
22,000 
26,000 
30,000 


River  op  to  top  of  its  banks. 


tTop  of  highcst'well-authenticated^dood. 
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List  of  permanent  bench  marks  fi'om  Saint  Paul,  Minn.^  to  Grafton,  lU. 

(Survey  of  1878  and  1879  ] 


6 


8 
9 


10 


11 
12 
13 
14 
15 
16 
17 


18 


19 
20 
21 
22 
23 
24 
25 


26 
27 

28 

29 

30 

31 

32 

33 

34 


DescriptioD. 


On  down-stream  comer  of  inner  edge  of  oopins  stone  of  abutment  at  east 

end  of  ChicAfi;o,  Milwaukee  and  Saint  Paul  RtUlroad  Bridge  at  Saint  Paul . . 
On  extreme  upper  end  of  up-stream  nosing  of  east  shore  pier  of  the  Waba^ba 

Street  wagon  bridge,  Saint  Paul 

On  top  of  the  ring-bolt  in  rock  ledge,  15  feet  from  river  bank  and  50  feet  up 

stream  from  warehouse  at  Newport>  Minn 

On  top  of  tup-stone  at  end  towanl  the  liver  of  retaining  wall  of  railroad 

culvert  over  Franklin  Cooley,  1  mile  below  Nininger,  Minn 

On  top  of  draw-pier  under  engine-house  on  down-stream  side  of  Chicago, 

Milwaukee  and  Saint  Paul  Railroad  Bridge  at  Hastings 

On  white  elm,  60  feet  from  left  bank  of  river  and  850  leet  above  the  upper 

spur-dam  from  the  left  bank,  at  Smith's  Bar,  5  miles  below  Prescott,  Wis. . 
On  elm,  100  feet  fi-om  left  bank  of  river,  on  up-stream  side  of  rocky  point. 

2,800  feet  below  warehouse,  at  Diamond  Blun^  Wis .* 

On  iron  pin  set  in  large  foundation  ntone  under  up-stream  comer  towards 

river  of  cit^  freight  shed  at  Ked  Wing,  Minn 

On  iron  spike  in  root  of  Larieest  cottonwood  ti-ee  on  the  be^ich  at  Waconta, 

Minn.,  100  feet  from  the  right  bank  and  opposite  t'wtt  of  Island  No.  28 

On  down-stream  comt-r  t-ownrd  river  of  st^me  foiindatiou  of  J.  B.  Wilson  6c 

Co.'s  (Knapp,  Stout  &  Co.)  wai-ehouse  at  Reed's  Landing,  Minn 

On  first  projecting  stone  below  tit»or  level  at  up-Mtream  comer  towartls  river 

of  H.  W.  Holmes's  warehouse  at  Wabaslia,  Minn 

On  projecting  stone  of  foundation  at  up-stream  comer  of  liver  fi-unt  <»f  M. 

Poliu's  warehouse  at  Alma 

On  up-stream  comer  toward  river  of  wooden  door-«ill  of  CNeil's  new  brick 

warehouse  at  Minneiska,  Minn 

On  top  of  foundation-stone  at  lower  floor  level  at  down-ntream  comer  toward 

river  of  Hulfner  Bros."  wareb<iuse  at  Fountain  Citv,  Wis 

On  copper  bolt  set  in  stone,  75  feet  from  left  bank  oi  river  at  Wild's  Land- 
ing, Wis 

On  top  of  second  step  from  ground  at  outtT  corner  next  river  of  Centi-e 

street  entrance  of  Second  National  Bank,  Winona,  Minn 

On  up-stream  comer  of  stone-work  under  woiMleh  door-sill  in  river  front  of 

Hames  &  Holmes's  warehouse,  Trempealeau,  Wis 

On  down-stream  comer  of  top  stone  of  down-stream  corner  of  railroad  cul- 
vert under  large  fill  200  feet  from  river  and  125  feet  below  limekiln  in 

upper  part  of  Dresbach.  Minn 

On  extreme  up-stream  front  of  cap-stone  of  Rvnt  pier  on  Minnesota  side  of 
.  Chicago,  Milwaukee  and  Saint  Paul  Railroad  Bridg%above  La  Crosse,  Wis. 
On  bottom  of  door-post  on  up-stream  side  of  lower  door  on  river  fi-ont  of 

Western  Progress  building  at  Brownsville 

On  up-stream  comer  of  door-sill,  second  fioor,  river  fi-ont,  of  last  stone  build- 
ing down  stream  at  Bad  Axe,  Wis 

On  up-stream  comer  of  sill  of  door  next  river  on  ground  fltwr  of  Wilcox  6i 

On s  warehouse  at  Victory,  Wis 

On  southeast  comer  of  door-*sill  at  down-stream  comer  of  G.  Kerudt  &  Bros.' 

warehouse  at  Lansing,  Iowa 

On  foundation-stone  at  up-stream  comer  of  river  front  at  fioor  level  of 

Bright's  warehouse  at  Lyuxville,  Wis 

On  southwest  comer  of  stone  in  second  course  from  top  of  west  wing  of 

south  abutment  of  culvert,  400  feet  below  mouth  of  Paint  Creek,  at  John- 

Bonport,  Iowa 

On  southeast  comer  of  elevator  above  S.  McGregor,  Iowa 

On  top  of  foundation-stone,  at  up-stream  comer  next  river,  of  platform  of  rail- 
road depot  at  Clayton,  Iowa 

On  river  side  of  door-step  on  up-stream  aide  of  Dr.  Grinter's  building  at 

Glen  Haven,  Wis 

On  top  of  foundation-stone  at  up-stream  corner  of  river  front  at  fioor  level 

of  (5.  Prior's  warehouse  at  CassviUe,  Wis 

On  down-stream  comer  of  large  stone  door-step  of  Specht's  house,  at 

Specht's  Ferry,  Iowa 

On  top  of  down-stream  ringbolt  in  front  of  A.  H.  Gibb's  store  on  levee  at 

Dubnque 

On  northeast  comer  of  projecting  bottom  of  foundation-stone  at  northeast 

comer  of  J.  M.  Case's  nam  at  I&llevue,  Iowa 

On  nail  in  top  of  white-ash  stump  18  inches  high,  10  inches  diameter,  1,000 

feet  south  of  Golden's  house  at  Golden's  wooo-yard,  Iowa 

On  southeast  comer  of  door-sill  of  door  at  southeast  comer  of  first  floor  of 

engine-room  of  Racine  and  Milwaukee  elevator  at  Savanna,  III 


> 

S           T   i 

it 

> 

i 

1 

Feet 

Fed. 

697-403 

67&M 

697.722 

67&1II 

688.256 

871312 

687.  612 

687.931 

063.74 

673.  IW 

*    eeo.8s 

1 

672.281 

1 

1 

673.820 

657.  :a 

1 

665.  2.S7 

fi.%¥* 

671. 412 

1       656.399 

667.330 

'      654. «» 

1 

660.371 

1 

659.827 

'      643.111 

1 

649.561 

■      637. 4W 

659.901 

t 

655.842 

632.442 

638.  ,551 

6%  7a 

640.393 

623, 3S3 

643.753 

621.35 

629.253 

615l33I 

632.756 

610. 3» 

620.  725 

608.640 

619.866 

1 

605l4SI 

622.044 

601. 7C 

598.453 

623.067 

618.369 

591 CTI 

611.850 

502.  Ml 

• 

612.906 

58&3» 

607.857 

583.  IM 

596.923 

57&«I3 

587.842 

57L12J 

583.535 

1 

56a  17t 

584.578  ' 

565  3n 
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List  of  permanent  bench  marks  from  Saint  Paulj  ^c. — ContiDued. 


Dosci-iption. 


I 


On  top  of  water  table  nt  southeast  comer  of  engine-room  of  elevator  at 
Fulton,  111 . 

On  sontheast  comer  of  enj^ine  beil  of  water- works  at  Clinton,  Iowa 

On  door-sill  in  front  of  south  jamb  of  south  door  of  Harper's  old  store  at 
Alban3%Ill 

On  center  of  stone  window-sill  in  foundation  on  north  side  of  Hyman's  ware- 
house at  Comanche,  Iowa    

On  comer  of  first  course  of  stone  above  foundation  in  front  of  west  jamb  of 
door  on  north  side  of  stone  warehouse  at  Cordova,  HI  

On  window-sill  of  south  window  in  foundation  ot  warehouse  on  northwest 
corner  of  Main  and  Cherry  streets  at  Port  Byron,  111 

Zero  of  United  States  water  irau};e  on  Rock  Island  and  Davenport  bridge. . . 

On  northwest  comer  of  stone  foundation  of  smoke-stack  or  saw-miu  at 
Buffalo,  Iowa 

On  door-step  of  post  office  at  Falrport,  Iowa 

On  stone  bed  of  pump  cylinder  of  water- works  at  Muscatine,  Iowa 

On  southeast  comer  of  foundation  of  chimney  of  saw-mill  at  Port  Louisa, 
Iowa . .  .*. '. 

On  ring-bolt  on  largo  stone  at  southwest  comer  of  F.  C.  Bell's  warehouse, 
New  Boston .* '. 

On  stone  door-step  of  west  door  in  Main  street  of  brick  building  at  north- 
west comer  of  Main  and  Second  street«,  Keitbsburg,  111 

On  west  side  of  raised  portion  of  door-step  of  Journal  printing-office, 
Oquawka,  Iowa 

On  cross-cut  in  top  of  coping. on  north  side  of  east  abutment  of  raUroad 
bridge,  Burlington,  Iowa 

On  heMl  of  railroad  spike  in  east  face  of  southeast  comer  of  stone  founda- 
tion of  Union  warehouse  at  Fort  Madison,  Iowa 

On  cross-cut  in  top  of  stone  post  8  inches  square,  2  inches  above  ground, 
500  feet  below  water- tank  of  Chicago,  Burlington  and  Quinoy  Railroad  at 
Montrose,  Iowa,  Station  F  of  canal  survey 

On  spike  driven  in  wall  at  upper  end  of^front  of  Brown's  warehouse  at 
Keokuk,  Iowa ;  high-water  of  1851 


On  5  naUs  driven  in  top  of  snubbing  poHt  near  sontheast  comer  of  Canning 

Mo.. 


ham's  warehouse  at  Alexandria, 

On  elm,  1,200  feet  below  mouth  of  Fox  Riven  at  Gregory's  Landing,  Mo 

On  northeast  comer  Cameizy's  warehouse,  Canton,  Mo 

On  top  of  eye- bolt  of  moonng-ring  at  southwest  comer  of  K.  K.  L.  Packet 

Company  s  warehouse.  La  Orange,  Mo 

On  spike  on  northeast  comer  of  abutment  at  west  end  of  railroad  bridge 

eleventh  Joint  from  top  of  parapet  at  (juincy.  111 

On  northeast  comer  of  top  of  abntoient  at  lidfissonri  end  of  railroad  bridge 

at  Hannibal,  Mo      

On  pecan  tree  near  right  bank  of  river  opposite  head  of  Gilbert's  Island  . . . 
On  elm  tree  15  inches  diameter,  50  feet  irom  right  bank  of  river,  1,000  feet 

above  Magee's  house  at  Mnndy's  Landing,  Mo 

On  top  of  stone  fonndation  at  southwest  comer  of  engine-room  of  Louiaiaii* 

Lumber  Company's  mill  at  Louisiana,  Mo — . 

On  lower  southeast  comer  of  stone  door-sill  of  Vinegar  Factory  at  upper 

end  of  Clarksville,  Mo 

High  water-mark  on  upper  warehouse.  Falmouth,  Mo 

On  elm  tree,  24  inches  diameter,  on  right  bank  of  river  800  feet  below  lower 

bouse  at  Sterling,  Mo 

On  5  nails  driven  m  top  of  snubbing  post,  51  feet  in  front  of  Vance  Sc  Har- 
vey's store  at  Cap  Au  Oris,  Mo 

On  northeast  comer  of  northeast  comer-stone  of  first  derrick  fonndation 

below  steamboat  landing,  Grafton,  HI 


3  Z 


:3 


Feet. 

578.082 
578.838 

570.872 

580.844 

565.355 

570.436 
533.761 

546.064 
550.102 
540.004 

538.171 

533. 016 

533.157 

527.507 

535.979 

516.356 

506.176 

493.082 

491.672 
479.556 
47&484 

473.470 

47L  363 

475.337 
449.989 

449.009 

455.547 

446.997 
44L440 

431.440 

43L438 

415. 188 


2 


Feet 

559. 740 
559.150 


556.530 
554.620 


533.761 

530.360 
526.730 
523.006 

519. 180 

517.630 

516.890 

509.820 

505.089 

496.557 

493. 58S 

472.330 

460.787 
466.805 
46L288 


453.179 

444.547 
439.062 

487.820 

430.970 

426.990 
417.640 

415.740 

41L040 

399.440 


96  £ 
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Draintige  are4is  of  tridutaries  of  the  Mississippi  above  the  Missouri  Eirer. 


^ 

^ 


J?5 


1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

16 

17 

18 

19 

20 

21 

22 

28 

24 

25 

26 

27 

28 


Localities. 


o 

»  a 
to 


9 


9 

U 
« 

a 


Upper  Mississippi  (above  the  Minnesota) 

Minnesota i  R. 

Saint  Croix *  L. 

Trimbelle,  Isabelle,  and  Runh 1  L. 

Cannon    j  R- 

Chippewa I  L. 

Zumbro I  R. 

Whitewater  and  Indian  Creek i  R. 

Buffalo,  Eagle,  and  Trempealeau I  L. 

Black  and  La  Crosse i  L- 

Root R. 

Upper  Iowa '  R. 

Yefiow J  R. 

Wisconsin i  L. 

Turkey |  R. 

Galena I  L. 

Maquoketa i  R. 


Wapsipinicon 

Rook 

Iowa 

Edwards 

Henderson 

Skunk 

Des  Moines 

Fabius  (and  two  creeks) . 

Salt 

Cnivre  (and  two  creeks) . 
Illinois 


R. 
L. 
R. 
L. 
L. 
R. 
R. 
R. 
R. 
R. 
L. 


urn 

7,141 
771 

im 

9,531 

m 

!,« 
2.381 

1,« 

at 
ii,» 

i,» 
im 

12;  39 

« 

iTB 

a,w 

27.  M 


Total  drainage  area,  square  miles . 


la^sr 


Table  of  distnnces  bjf  low-water  channel  high  and  low  water  elevations  above  the  sea^  ni 

slopes f  from  Saint  Paul  to  mouth  of  Illinois  River. 


Locality. 


a 

9  ■ 
O  O 

a  P* 

« 

c 


MUes. 
Saint  Paul  Bridge 

Newport 8.50 

Hastings 18.  50 

9.50 

7.00 
24.50 

2.75 

9.00 
10.00 
11.  75 

7.50 
12.75 
10.50 

8.00 
10.00 
12.75 

8-25 
11.75 
12.50 

9.60 

6.17 
U.97 

a  10 
11.25 

7.10 


Diamond  Bluff 

Red  Wing 

Waconta 

Reed's  Landing  . 

Wabasha 

Alma 

Minneiska 

Fountain  City. . 

Winona 

Trempealeau  — 

Dresbach 

La  Crosse 

Brownsville 

Genoa 

Victory 

Lansins 

Lynxvfile 

Allamakee 

Prairie  du  Chien 

Clayton 

Glen  Haven 

Caasville 

Waupeton 


g  . 

8* 


MiUt. 


a50 

27.00 

42.75 

52.  25 

59.25 

83.75 

86.50 

95.50 

105.50 

117. 25 

124.  75 

137.50 

148.00 

156.00 

166.00 

178.  75 

187.00 

198.75 

211.  25 

220.85 

227.02 

238.99 

245. 09 

256.34 

263.44 


Fett. 

67a  00 
673.51 
663.75 
6,59.  67 
657.75 
656.40 
656.30 
654.85 
649.48 
643.19 
637.41 
632.44 
627. 10 
623.89 
621.23 
615.55 
610.28 
608.64 
605.49 
601. 7Q 
598.50 
597.57 
594.67 
593.  QO 
588.24 
585.50 


« 

Is 

CO 


0.528 
.527 
.258 
.202 
.138 
.000 
.527 
.597 
.629 
,491 
.663 
.419 
.346 
.280 
.560 
.447 
.490 
.260 
.286 
.333 
.168 
.239 
.273 
.390 
.425 


High-water. 


2 


1850 
1850 
1870 


c 

i 

el 

I* 

>• 
o 


Feet 

697.72 
60L88 
682.51 


c 
a 

i 


FeiL 

islts 

1&3S 

liTI 


"'i876' 
1870 

674.'35 
670.29 

]X9 

1870 
1870 

666.90  1 
662.10' 

1115 
IIG 



1869 

643.07, 

ii?r 

1870 
1870 

636.70 
631.31 

15l47 
liTI 

1 :    

! ' 

"'*i876' 

622.04  1 

»» 

"1870 

614  98 

301 U 

'1870" 

008.58 
;. 

amH 
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Table  of  distances  by  low-tcatcr  channel^  <f  c. — Continued.- 


Locality. 


Landing 

lue 

uid's  Bar. 

ue 

a'8 

aa 

I 

iche 

va 

tire 

IsUiid 

o 

[>rt 

fctine 

Liouisa 

Boston 

aburg  

rka 

acks 

igton 

I 


kfadiiM>n 

■ose 

ik 

tw 

§ 

laland 

angw 

y  Bridge  — 

bal 

'Am 

v's  Landing 
lana  Bridge. 

iville 

aland  (foot), 
►nth 

« 

ir  a  Landing 

u  Gria 

:k  Island 

s'  Landing. . 


m 


MiUs. 
7.88 

13.19 

10.61 

12.37 
5.67 

14.83 

18.12 
8.50 
0.00 
5.25 

14.75 

11.00 

12.63 
8.38 

13.50 
8.25 
5.50 

13.25 
5.12 
6.44 

12.34 
&84 
&85 

11.12 
4.04 

10.60 
4.28 
8.14 
8  71 

18.81 
6.87 
0.38 

11.87 
0.43 

10.84 
7.78 
4.11 
4.45 
5.36 
6.54 

10.66 
6.13 


MiUs. 
271.32 
284. 51 
295. 12 
307.49 
313. 16 
327. 99 
346.11 
.354.61 
363.61 
368.86 
i  383.61 
394.61 
407.24 
415.  62 
420.12 
437.37 
442,87 
456.12 
461.24 
467.68 
480.02 
48a  86 
497.71 
508.83 
512.87 
523.47 
527.  75 
535.89 
544.60 
563.41 
570.28 
579.66 
59L53 
600.06 
611.80 
610.58 
623.60 
628.14 
633.50 
640.04 
650.60 
656.73 


S  • 

"   OB 

^  d 


Iligh-water. 


Feet 
583.10 
578.22 
574. 02 
571. 12 
560.10 
564.37 
550.74 
556.50 
554.60 
554.00 
533.77 
530.36 
526. 72 
523.60 
510. 81 
517.63 
516.80 
509.82 
507.60 
505.10 
500.99 
496.70 
494.50 
472.33 
469.70 
464.66 
462.71 
466.53 
453.80 
444.95 
441.30 
437.  78 
430.97 
426.93 
420.90 
417.64 
415.  74 
413.49 
4n.04 
407.83 
402.54 
399.44 


9 

S8 


gS 

o 

Elevati 

Range. 

.316 
.370 
.316 

m 

1870 
1871 

Feet 
603.17 
500.05 

Feet 
20.07 
21.73 

.307 

.258 

.356 

.376 
.205 

1851 

580.37 

23.87 

.127 
L372 
.309 
.290 
.250 
.356 

1870 
1880 
1851 
1874 
1874 

567.00 
552.17 
547.53 
544.14 
538.58 

13.66 
18.40 
•    17.17 
17.42 
14.08 

.264 
.136 
.533 

1874 
1851 

53l62 
532. 16 

13.39 
15.36 

.425 

.440 

1870 

520. 10 

15.00 

.205 

.256 

2.009 
.600 
.403 

1851 
1851 

402.62 
401.82 

20.20 
22.12 

.456 

.750 

.300 
.452 
.376 

1851 
1851 

474.86 
466.30 

2L06 
2L35 

.580 

.403 
.428 
.510 

1851 
1851 

451.47 
440.04 

20.50 
23.01 

.483 
.462 

1858 

441.39 

23.75 

.505 

1 

.462 
.401 

1858 

433.30 

22.26 

.501 

1 

.505 

•• ) • 

* 

Feet 

fall  Saint  Paul  to  Grafton 278.  56 

ge  fall  per  mile 424 

;  high-wat«r  of  June,  1880,  is  the  highest  known  in  the  Upper  Mississippi  River, 

o  record  of  this  has  as  yet  been  made  except  at  Rock  Island.    A  map  of  the  Up- 

lississippi  River  from  l^aint  Paul  to  the  mouth  of  the  Illinois  River  (excepting 

loines  Ilapids),  in  83  sheets,  forms  a  part  of  this  report,  as  also :  1.  Profile  of  the 

»sippi  River  from  Saint  Paul  to  Grafton.    2.  Sheet  of  platted  gan^e  readings. 

)TE. — ^The  sheets  above  mentioned  have  already  been  forwarded  in  installments 

5  Chief  of  Engineers.  ]  • 

)n  the  map  are  marked  all  instrument  stations,  bench  marks,  &c. 

i  soundings  and  water  surfaces  are  recorded  as  taken  with  the  dates  at  which 

wei-e  observed. 

reduction  to  low-wat4ir  is  made,  except  by  the  drawn  curves  of  3,  4^,  and  6  feet 

^  low-water  of  1864. 
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List  of  general  mapSf  Saint  Paul,  Jdinn.,  to  Grafton,  III, 


I 


1 
2 
3 

4 

5 

• 
7 
8 

9 

10 

U 

12 

13 

14 

15 

16 

17 

18 

19 

20 

21 

22 

23 

24 
2b 
20 
27 

28 

29 

30 

31 

32 

33 

34 

35 

30 

37 

38 

30 

40 


Description. 


Saint  Paul  to  foot  of  Pig's  Eye 
Island. 
Foot   Pig's  Eye  Island  to  above 

Newport. 
Above  Newpo'rt  to   head  Grey 

Cloud  Island. 
Head  Grey  Cloud  Island  to  Grey 

Cloud. 

Grey  Cloud  to  Nininger 

Kininger  to  Point  Douglass 

Point  Douglass  to  Prescott 

Prescott  to  7  miles  below 

Seven  miles   below  Prescott  to 

Trenton. 
Trenton  to  below  Waconta,  Lake 

Pepin. 
Below  Waconta  to  below  Fron- 

tenao. 
Below  Frontenac  to  above  North 

Pepin. 
Above   North  Pepin    to   above 

Wabasha. 
Above  Wabasha  to  above  Alma. . 

Above  Alma  to  below  Buffalo  City 

Below  Buffldo  City  to  below  Chim- 
ney Bock. 

Below  Chimney  Rock  to  below 

Fountain  City. 
Below  Fonntam   City  to  below 

Homer. 
Below  Homer  to  above  Queen's 

Blufll 
Above   Queen's  Bluff  to  below 

Dresbach. 
Below   Dresbach    to    below  La 

Crosse. 
Below  La  Crosse  to  below  Browns- 
ville. 
Below    BrownsviUe     to    above 

Genoa. 

Above  Genoa  to  Victory 

Victory  to  below  De  Soto 

Below  De  Soto  to  below  Lansing. . 
Below   Lansing   to  above   head 

Crooked  Slough. 
Above  head  Crooked  Slough  to 

Island  163. 
Island  163  to  above  Prairie  du 

Chien. 
Above  Prairie  du  Chien  to  below 

Wisconsin  River. 
Below  Wisconsin  River  to  below 

Clayton. 
Below  Clayton  to  head  CassviUe 

Slough. 
Head  Cassville  Slough  to  above 

Buena  Vista. 
Above    Buena  Vista    to   below 

Findley's. 
Below  Findlev's  to  below  head 

Maquoketa  Slough. 
Below  head  Maquoketa  Slough 
to  below  Dubuque. 
Below  Dubuque  to  above  Gor- 
don's Landing. 
Above  Gordon^  Landing  to  be- 
low moutb  Galena  River. 
Below  mouth  Galena  River    to 

Bellevne. 
Below  Bellevue  to  below  Sand 

Prairie. 


o 

a 


I 

6 

5 

.a 
A 

o 
H 


9 

-a 


1-4800 
1-4800 


91-4800 
9   131^800 


14 
18 
19 
19 

22 

24 


18il-4800 
19,1-4800 
191-4800 
221-9600 


231-9600 
281-9600 
1-9600 
1-9600 
291-9600 


30  39.1-9600 
40  48 1-9600 
48   551-9600 


55 
69 
75 
79 
98 
110 
118 


75 

79 

98 

109 

117 

125 


126135 
136142 
142148 
149151 


152 
163 
167 
175 
183 
189 
197 


163 
167 
174 
183 
189 
197 
207 


207J217 
217227 
227j234 
235|242 
242  249 
250257 


1-9600 

1-9600 

1-9600 

1-9600 

1-9600 

1-9600 

1-9600 

1-9600 
1-9600 
1-9600 
1-9600 

1-9600 

1-9600 

1-9600 

1-9600 

1-9600 

1-9600 

1-9600 

1-9600 

1-9600 

1-9600 

1-9600 

1-6600 

1-9600 


o 


s 
o 

I 


May,  1879 
June,  1879 
June,  1879 
June,  1870 

June,  1879 

June,  1879 

June,  1879 

1878 

1878 

1878 

1878 

1878 

1878 

1878 

1878 

1878 

1878 

1878 

1878 

1878 

1870 

1870 

1870 

1870 
1879 
1879 
1879 

1878 

1878 

1878 

1878 

1878 

1878 

1878 

1878 

1878 

1878 

1878 

1878 

1878 


Assistant  in 
charge. 


J.  L.  Gillespie. 

— do 

— do 

— do 


do  . . . 

do  . . . 

do  ... 

F.Terry 


..do 
..do 
..do 
..do 
..do 
..do 
..do 
..do 


— do 

— do 

do 

— do 

— do 

— do 

— do 

do 

do 

— do 
— do 


F.W.  Lehnartx 

do  • 

— do 

do 

do 

do 

— do 

...do 

...do 

— do 

do 

M.E.  Schmidt 
C.W.Durham. 


Bars  tuid  oUstruc- 
tions. 


Frenchman's,  Pig'* 

Eye. 
Kaposia,  Upper  tsi 

Lower  Rea  Rock. 
Newport,  Merriattc, 

RoDinson. 
Pine     Bend,    Grev 

Cloud   Island,  sm 

rocks. 
Boulanger^ininger. 
Nininger,  Hast4ng». 
Prescott  Island. 
Prescott      Islsni, 

Smith's. 
Diamond  Blaff, 

rocks. 
Waconta,  head  Lib 

Pepin. 
Do. 

Do. 

Reed's     Landisg, 

Chippewa  River. 
Wabasha.      C  raft 

Beef  Slough. 
Pine  Island,  Weii 

Netwon. 
Minneiska,  Mossi 

Vernon,    Chimaey 

Hock. 
Rolllngstone,  BetMT 

Slough,  wad's. 
Argo  Island,  Wia»- 

na,  Homer. 
Trempealean. 

Queen's  Bluff;  Dako- 
ta, Dresbach. 

La  Crosse,  Graai 
Crossing. 

Below  Picajms 
Island ,  Bro  wBsviDa. 

Coon  Slon^. 

Do. 

Below  Victory. 

Above  Lansing. 

Above  head  CrookfA 
Slongh. 

Head  Crooked 
Slough,  Viola. 

Valley  CroBsing.  be- 
low Island  164. 

Foot  MoGregtr 
Channel. 

Wyaluaing,  Claytoa. 

Cassville  Slough. 

Foot     Cassvillt 

Slough. 
Wanpeton,  Hnrricsoe 

Island. 
Findley's,    Specht'a, 

Parson's. 
Above  Eagle  BlnlL 

Nine-Kile  Island. 


DeadnaanX 
don's. 
Bellevue. 

Sand  Prairie. 


6or- 
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List  of  general  mapSf  Saint  Paul^  Minn,,  to  Grafton,  III. — Continaed. 


• 

1 

1 

• 

• 

Description. 

1 

a 

M 

O 

H 

• 

m 
o 

Assistant  in 
charge. 

Bars  and  obstruc- 
tions. 

1 

1 

M 

257 

9 

1 

1 

41 

Below  Sand  Prairie  to  Savanna. . . 

2661-9600 
'2781-gAon 

1878 
1878 

. . .  .do  . . .  .* 

Arnold's  ITaaIai^ji 

42 

Savanna  to  Island  278 2«7 

J  P.Allen 

Below  Dark  Slough. 
Elk  River 

43 

Island  279  to  below  Fnlton 

279  2871-9600 

1878 
1878 
1878 

do 

44 

Below  Fnlton  to  below  Comanche.  287|294 1-0600 
Below  Comanche  to  below  Cor-  294  3001-9600 
dova.                                                     I 

.do 

Do. 

45 

do 

Adams   Island,  Cor- 
dova. 

49 

Below  Cordova  to  Le  Claire 300,301.1-9600 

1878 

— do    

Do. 

47 

Le  ('laire  to  Rock  Island 

3013071-6000 

1869  ' 

E  F  HoffiiiAn 

Rock  IsUnd  Rapids. 
Horse  Island  Rocks. 

48 

Rock  Island  to  below  Horse  Island 

309  317{  1-9600 

'1878 

J.  P.  Allen 

49 

Below  Horse  Island  to  4  miles  be-  317i324  1-0600 
low  Buffalo.                                          1      j 

1878 

do 

Above  Buffalo 

^ 

Four  miles  below  Buffalo  to  below  ;324  328 1-9600 

Fairport.                                                    I 
Below  Fairiwrt  to  Muscatine 329  335 1-9600 

1878 
1878 

do 

Below  Buflfklo. 

51 

. . .  .do 

Dmry's,  rocks  above 
Muscatine. 

1      1 

52 

Muscatine  to  Island  343 335  343 1-0600 

1878 

do 

Do 

63 

Ikland   343    to    foot   of    Turkey  343351 1-9600 
Island. 

1878 

do 

Turkey  Island. 

•4 

Foot  of  Turkey  Island  to  above  351  355 1-9600 
Kcithsburg.                                          I      | 

1878 

— do 

New  Boston  Rocks. 

56 

Above     Keithsburg     to     below   3553611-9600 
Keithsburg.                                           | 

1878 

do 

Keithsbnrg  Rocks. 

sm 

Bt^Iow    Keitbsburg     to     above   .3613651-0600 

1878 

...  do 

Above  Oquawka. 

Ck^uawka. 

j 

57 

Above  Oquawka  to  Slater's  wood- 

365  3731-9600 

1878 

do 

Island  370. 

^ 

yard.                                               1      1      i 
SLiter's  wood-yard  to  head  Bur-  !3'/3  377  1-9600 

linglon  Island.                               |      I      | 
Head  Bui  lington  Island  to  foot  of  377  377  1-9600 

1878 

G.  A.  Marr 

Rush  ChuU^ 

60 

1878 

— do 

Bad  River. 

60 

Foot  Burlington  Isknd  to  below  i377  388 1-9600 

1878 

do 

Dallas  Rocks  Sec. 

Pontoosac. 

!     1 

«1 

Below  Pontoosac  to  below  Fort  388  394 1-9600 
Madison.                                              |      1 

1878 

do 

Fnrf:     Mn/iitinn      adiI 

below. 

«2 

Below  Fort  Madison  to  Montrose   394  401 1-9600 
Vicinity  of  Keokuk,  Warsa<v,  and  404  407  1-9600 

1878 
1878 

do 

Do. 

*43 

H. Custer  .... 

Warsaw. 

Alexandria. 

•4 

Vicinity  of  Gregory's  Landiug ...  407  409 1-9600 

1878 

do 

Gregory's     Landing 

R«>cks. 
Tully  IsUnd. 
Canton.  Wxaciinda. 
Below  La  Grange. 
Quiucy,   Fabius  Isl- 

«6 

• 

Vicinity  of  Tully  Island 

410  4151-9600 
4164201-9600 

1878 
1878 

do 

M 

Canton  to  La  Grange 

— do 

^ 

La  Grange  to  nbove  Qnincy 420  425  1-9600 

Vicinity  of  Quiucy  to  above  Ma-  '427  434  1-9600 
rion  City.                                             j      | 

1878 
1878 

do 

48 

— do 

and. 

«0 

Vicinity  of  Marion  Cit v 4.^4  4H-'»  i-mno 

1878 

. . .  .do  . 

Do 

70 

Below  Marion  City  to  above  Han- 
nibal. 

436441  1-9600 

1      1 

1878 

— do 

Armstrong's,    Whit- 
ney's. 

71 

Hannibal  to  above  Saverton 

443  445 1-9600 

1878 

J.  H.  Morrison 

Do. 

72 

Above    Saverton     to    Gilbert's  4454481-9600 
Island.                                                  1      ; 

1878 

F.  A.Churchlll 

j 

Taylor's. 

T3 

Gilbert's  Island  to  below  Mundy's  448451  1-9600 
Landing.                                              1      I 

1878 

— do 

Gilbert's  Isl;uid. 

^4 

Below  Mundy's  landing  to  above  450  456 1-9600 
Louisiana.                                              1 

1878 

J.  H.  Morrison 

Above  Scott's  Land- 
ing. 
Krider's  Bend,  Louis- 

75 

Above  Louisiana  to  Cash  Island. .  456  459  1-9600 

1878 

.  — do 

1      1 

iana  Bridge. 

76 

Cash  Island  to  foot  CUrkaville  459  463 1-9600 
Island.                                                  1      1 

1878 

— do 

Above  Clarksville. 

77 

Foot  Clarksville  Island  to  Slim   363  469  l-DCTK) 
Island.                                            1      1      1 

1878 

F.A.Churchill 

Slim  Island. 

78 

Slim  Island  to  Hamburg  Inland  469480  1-9000 

1H78 

— do 

Do. 

79 

Hamburg  Island  to  foot  of  Stor-  ^81  491  1-9000 
ling  laliind.                                 t    '      1      ; 

1878 

...do 

Westport  Chute. 

80 

Foot  of  Sterling  Island  to  Sandy   491  498  1-9600 
Island.                                              1 

1878 

do 

Stag  Island. 

81 

.Sandy  Island  to  Cui  vre  Island ...    498  504  1-9600 

1878 

— do 

Sandv  Island. 

82 

Cuivre  Isbind  to  Dardenue  Island    504  514  1-9600 

1878 

do 

TwoBraucli  I:ilaud. 

4W 

Danlenne  Island  to  Grafton  (11-   514  5261-9600 

1878 

...do 

linois  River).                                   I      i      j 

Respectfully  submitted. 

Chi£f  of  Engineers,  U.  S.  A. 


A.  Mackenzie, 
Captain  of  Engineers. 
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survey  and  examination  of  the  mississippi  river  bbtweeit 

burlington,  iowa,  and  montrose,  iowa. 

United  States  Engineer  Office, 

Rock  Island^  Illy  July  — ,  1880. 

General  :  I  have  the  honor  to  present,  as  an  appendix  to  my  aDnoal 
report,  the  following  "report  upon  a  survey  and  examination  of  the  Mis- 
sissippi Eiver  between  Burlington,  Iowa,  and  Montrose,  Iowa  f  above  the 
mouth  of  the  Illinois  Eiver),  made  in  accordance  with  resolutions  of 
Board  of  Engineers,  on  improvement  of  low-water  navigation  of  Missis- 
sippi and  Missouri  Elvers.'' 

Instructions  from  the  Chief  of  Engineers,  dated  August  30, 1878,  as- 
signed to  Maj.  F.  U.  Farquhar,  Corps  of  Engineers,  the  surveys  and 
examinations  of  the  Mississippi  Eiver,  at  some  point  above  the  mouth  of 
the  Illinois  Eiver,  desired  by  the  Board  of  Officers,  constituted  by  Special 
Order  No.  71,  series  of  1878,  Headquarters  Corps  of  Engineers,  to  take 
into  consideration  the  improvement  of  the  low-water  navigation  of  the 
Mississippi  and  Missouri  rivers. 

The  information  desired  by  this  Board  was  as  follows : 

1st.  Transit  survey  of  river  banks  and  water  lines  at  low  stages  with 
soundings  to  cover  the  entire  length  of  shoals  and  to  show  the  changes 
in  the  same^  the  character  of  bed  and  banks  to  be  carefully  noted.  Nu- 
merous borings  should  be  made  on  the  banks  and  in  the  bed  to  deter- 
mine the  character  of  material,  and  carried  20  or  30  feet  below  the  bed, 
unless  rock  is  sooner  reached. 

A  line  of  levels  down  one  bank  in  connection  with  gauges  to  determine 
the  river  slope  at  various  points  and  various  stages.  Permanent  bendi 
marks  and  reference  joints,  which  will  be  safe'-for  many  years,  should 
be  established. 

2d.  Determinations  of  cross-sections  at  shoalest  place  and  also  at  a 
deep-water  section  in  the  vicinity.  These  cross-sections  to  be  repeated 
for  every  5  feet  of  change  in  the  river  height  and  as  much  oftener  as 
practicable  during  one  year,  their  object  being  to  determine  all  facts 
connected  with  the  motion  and  dimensions  of  sand  waves. 

3d.  Sediment  observations  at  the  surface  and  within  1  foot  of  the  bot- 
tom, to  be  continued  throughout  a  year  on  the  Mississippi  and  Missouri 
rivers,  at  distances  above  the  mouth  of  the  latter  sufficient  to  be  out  of 
reach  of  backwater,  also  at  Saint  Louis,  Columbus,  and  up  the  Ohio, 
Arkansas,  and  Eed  rivers.  These  observations  should  determine  not 
only  the  amount  of  the  sediment,  but  the  proportional  quantities  referred 
to  at  least  three  standard  sizes.  Discharge  observations  to  be  obtained 
when  practicjible,  and  low- water  discharge  to  be  obtained  for  the  Miss- 
ouri, and  for  the  Mississippi,  at  Colonel  Farquhar's  Point,  Saint  Louis, 
Columbus,  Memphis,  and  Vicksburg. 

It  is  also  desirable  that  sediment,  cross-section,  and  discharge  obser- 
vations be  made  in  accordance  with  the  above  programme  on  the  Cum- 
berland, Tennessee,  White,  and  St.  Francis  rivers,  far  enough  above  their 
mouths  to  be  out  of  reach  of  backwater.  These,  however,  are  of  sec- 
ondary importance. 

A  portion  of  the  Mississippi  Eiver  between  Burlington  and  Montrose, 
and  extending  some  7  miles  above  Burlington  (total  length  42  miles)  was 
selected  for  survey  and  examination,  and  the  immediate  vicinity  of  Bur- 
lington was  chosen  for  special  observations.  The  survey  and  examina- 
tion, under  immediate  charge  of  Assistant  G.  A.  Marr,  was  commenced  in 
1878,  and  carried  on  during  the  following  fall  and  winter,  and  the  spring 
of  1879.  The  work  of  the  survey  consisted  in  a  triaugalation,  transitv 
and  level  line,  the  entire  distance.    The  soundings  were  taken  with  suf- 
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at  detail  to  locate  the  bars  quite  accurately.  The  level  line  was 
lected  with  water  gauges  at  various  points,  and  readings  to  the  water 
ice  were  taken  once  in  a  thousand  feet.  Permanent  bench  marks 
5  established,  and  borings  were  made  at  several  points.  Four  bars 
le  vicinity  of  Burlington  were  selected  for  special  observations,  their 
ines  and  sections  being  found  by  leveling.   The  results  of  the  survey 

examinations  have  been  platted  on  a  scale  of  1  inch  to  400  feet, 

are  shown  in  sheets  2,  3,  4,  5,  and  6.  Two  cross-sections  were  se- 
)d  in  the  vichiity  of  Burlington  and  used  in  connection  with  gaug- 

of  the  river.  Cross-section  No.  1  was  sounded  3  times,  showing  a 
}riiil  change  in  form,  as  was  expected  from  the  movement  of  a  sand- 
above  it. 

•OSS  section  No.  2  was  sounded  twice,  with  an  interval  of  4  months 
0  days,  and  shows  but  slight  changes.  Cross-sections  are  shown  on 
t  8.  These  sections  do  not  afford  much  assistance  in  a  study  of  the 
ement  of  sand  waves  or  motion  of  sand-bars,  but  taken  in  connec- 
with  the  special  bars,  whose  changes  were  carefully  noted,  as  shown 
heet  2,  some  idea  can  be  formed  of  the  movement  of  the  particular 

under  consideration, 
le  observations  made  during  the  progress  of  this  special  survey,  as 

as  information  obtained  from  work  on  the  upper  river,  and  from  the 

sources  now  obtainable,  indicate  that  each-bar,  being  composed  of 
ing  materials  and  influenced  by  different  circumstances,  has  a  rate 
otion  of  its  own,  these  rates  varying  from  10  to  1,000  feet  in  a  year's 
.  The  hydrographic  survey  of  the  42  miles  of  river  from  Henderson 
ik  to  Montrose  is  in  suf&cient  detail  to  afford,  from  comparison  with 
re  surveys,  quite  an  accurate  estimate  of  the  general  movement  and 
iges  of  the  bars  included. 

iugings  of  the  river  were  made  for  each  change  of  1  foot  in  stage, 
ing  taken  in  cross-section  No.  1,  and  6  on  cross-section  No.  2.  The 
Its  of  gaugings  are  shown  on  sheet  11.  Cross-section  No.  2  re- 
led  comparatively  constant  during  the  entire  season,  and  the  gang- 

taken  on  it  are  probably  entitled  to  more  weight  than  those  taken 
ection  No.  1.    Sediment  observations  were  maxle  in  May  and  June, 
',  and  the  results  are  shown  on  sheet  12. 
le  following  sheets  form  a  part  of  this  report: 

OTE. — She43t«  1, 2, 3, 4, 5, 6, 8, 9, 10,  are  not  attached  to  this  report.  Sheets  2  (ex- 
ng  borings  and  measurement  of  sand-bars),  3, 4,  and  5  form  a  part  of  general  sur- 
>f  Mississippi  River  from  Saint  Paul  to  Grafton,  and  have  been  forwarded  with 
series.     Sheets  6, 8, 9, 10,  and  a  sheet  of  borings,  &-c.,  are  forwarded  separately.] 

et  1. — Index  map  of  survey. 

«<2. — Map  No.  1  detailed  survey  of  Mississippi  River  from  7  miles  above  Burllng- 

o  2  mile«  below:  shows  also  borings,  movement  of  sand-bars,  &c. 

^t  3. — Map  No.  2,  detailed  survey  from  2  miles  below  Burlington  to  foot  of  island 

82. 

'et  4. — Map  No.  3,  detailed  survey  from  foot  of  island  No.  382  to  2  miles  below 

Madison,  Iowa. 

*et  5. — Map  No.  4,  detailed  survey  from  2  miles  below  Fort  Madison  to  Montrose. 

f€t  6. — Profile  of  Mississippi  River  from  7  miles  above  Burlington  to  Montrose. 

«<  7. — Index  map  showing  location  of  cross-sections  1  and  2,  borings  near  Bur- 

on,  sand-bars  observed  for  motion,  and  gauges. 

let  8. — Cross- sections  1  and  2  at  different  dates. 

!€t  9. — Shows  mctliojil  of  sounding  and  of  computing  mean  de]>th  and  area  of  cross- 

ous.  'i 

'et  10. — Shows  method  of  determining  and  computing  quantities  entering  general 

lion  for  velocity,  discha^^ge,  &c. 

'tt  11. — Results  of  gaugings,  &c.,  tabulated. 

'«<  12. — Result-s  of  sediment  observations  tabulated. 

?«/ 13. — Platted  sheet  of  velocity,  discharge,  stage,  and  sediment. 

tet  14. — Diagram  of  discharge  at  Burlington. 
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There  follow  some  extracts  from  the  report  of  Assistant  G.  A.  Mm, 
made  September  12,  1879,  on  methods  of  observation,  computation,  &c 

GAUGING. 

Method  of  observing.-^SLVigmgQ  were  made  at  two  places  in  front  of 
the  city  of  Burlington.  The  first  designated  cross-section,  Ko.  1,  is  op- 
posite the  Burlington,  Gedar  Rapids,  and  Northern  freight  depdt,  the 
second,  called  cross-section  Ko.  2,  is  opposite  the  foot  of  Locust  stre^ 
The  two  cross-sections  were  laid  out  in  the  same  manner  a«  follows: 

A  base  line  200  feet  long  was  c-arefiilly  measured  on  the  Illinois  side 
of  the  river  and  a  similar  base  parallel  with  and  opposite  to  the  first 
was  measured  on  the  Iowa  side.    The  line  joining  the  upper  extremities 
of  the  2  bases  is  called  the  upper  section,  and  the  corresponding  line  at 
the  lower  extremities  of  the  bases  is  called  the  lower  section.    The  h^ 
per  and  lower  sections  are  perpendicular  to  the  bases.    In  making  the 
observations  for  mean  velocity  and  discharge,  a  skiff  with  10  double 
floats  was  anchored  100  feet  above  the  upper  section  successively  at 
different  distances  from  the  base,  the  distance  being  so  selected  as  to 
give  the  best  determination  of  the  variation  of  the  velocity  at  different 
points  in  the  width  of  the  river.    Observers  were  stationed  at  the  upper 
and  lower  ends  of  the  Illinois  base  with  theodolites  pointed  across  the 
river  so  as  to  mark  out  the  upper  and  lower  sections.    A  thinl  observer 
was  stationed  at  a  located  point  on  the  river  bank  about  1,000  feet  from 
the  base  to  locate  the  floats  by  theodolite  readings.    Each  observer 
was  provided  with  a  telegraph  key  and  sounder,  and  telegraphic  com- 
munication was  established  between  them.    A  fourth  observer  with  a 
mean  time  chronometer  was  stationed  near  the  key  at  upi>or  base.    A 
double  float  with  the  parts  joined  by  a  cord  of  sufticient  length  to  allow 
the  center  of  the  lower  one  to  reach  the  mid-depth  of  the  river  at  that 
point,  was  dropped  from  the  anchored  skitt".    As  it  approached  the  upper 
section  warning  of  its  approach  was  given  by  the  observer  at  upper 
section  tapping  the  telegraph  key  twice  in  quick  succession  about  20 
seconds  before  the  float  reached  the  upper  section.    As  it  crossed  the 
section  the  observer  at  upper  section  tapped  his  key  once,  the  time  waa 
noted  by  the  observer  at  the  chronometer,  and  a  reading  was  taken  to 
the  float  by  the  observer  whose  duty  it  was  to  locate  it.    Similar  obser- 
vations were  made  when  the  float  crossed  the  lower  section,  after  which 
the  float  was  picked  up  by  a  skiff  stationed  below  for  that  purpose. 
The  difference  of  the  observed  time  of  crossing  the  two  sections  gives 
the  time  required  by  the  float  to  move  200  feet  in  a  direction  parallel  to 
the  base,  and  the  theodolite  readings  determine  the  distance  from  the 
base.    Ten  floats  were  sent  down  from  each  position  of  the  skiff  except 
in  very  shoal  water  where  a  lesser  number  was  sent.    The  total  nnmlier 
of  floats  sent  from  each  position  of  the  skift*  is  called  a  scries. 

In  the  gaugings  previous  to  May  9,  1879,  which  were  all  t^iken  on 
cross-section  No.  1,  the  floats  used  consisted  of  a  sheet  of  tin  22  by  U 
inches,  with  pieces  11  inches  square  hinged  to  it  at  its  middle  point  in 
each  side,  forming,  when  ready  for  use,  2  planes,  intersecting  at  right 
angles,  and  so  placed  in  the  water  that  the  line  of  intersection  of  the 
planes  should  be  vertical.  This  lower  part  of  the  Boat  was  joined  by  a 
cord  0.025  Inch  in  diameter  to  the  upper  part,  which  was  made  by  solder- 
ing together  the  bases  of  two  hollow  tin  cones  O  inches  in  diameter  by 
5  inches  high.  In  order  to  be  more  easily  seen,  a  flag  about  5  inches 
square  was  attached  to  the  upper  part  of  the  float.  In  the  gaugings 
made  on  and  after  May  9, 5  floats  of  the  form  above  described  were  used 
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in  each  complete  series,  and  also  5  floats  in  which  a  weighted  paint-keg, 
11  inches  high  by  II  inches  in  diameter,  was  substituted  for  the  tin  wings 
forming  the  lower  part  of  the  float.    The  cord  joining  the  two  parts  of 
this  float  was  tied  to  two  cross- wires,  intersecting  as  nearly  as  possible 
in  the  center  of  figure  of  the  paint-keg.    In  the  reduction  of  the  gaug- 
ings  a  mean  of  all  the  observations  of  a  series  which  were  made  wiUi  the 
same  kind  of  floats  was  adopted,  as  giving  the  time  required  by  the  float 
to  pass  the  base.    In  gaiigings  where  both  kinds  of  floats  were  used,  the 
entire  computation  has  been  made  independently  for  the  tin  floats  and 
paint-kegs,  and  the  results  derived  from  each  are  given  in  the  tabula- 
tion.   Numerous  soundiiigs  were  taken  upon  each  cross-section  to  deter- 
mine its  area,  and  levels  were  taken  on  each  side  of  the  river  between 
the  base  and  the  water's  edge,  to  determine  the  eflect  which  a  change  of 
stage  has  upon  the  area  of  tne  cross-section.    The  first  soundings  on 
cross-section  No.  1  were  taken  early  in  April,  1879.    It  being  afterwards 
suspected  that  considerable  changes  had  taken  place  in  the  river  bed, 
the  cross- section  was  resounded  early  in  June,  when  it  was  discovered 
that  changes  had  taken  place.    The  first  soundings  were  used  in  the 
computations  of  gaugings  from  April  18  to  May  9, 1879,  inclusive ;  the  June 
soundings  are  used  in  the  reduction  of  gaugings  of  June  2  and  18,  and 
a  mean  of  the  April  and  June  soundings  for  the  gauging  of  May  26.    To 
determine  the  slope  of  the  river,  gauge-staffs  were  set  up  and  the  difler- 
ence  in  the  elevations  of  their  zeros  ascertained  by  leveling. 

Readings  of  these  staffs  were  taken  in  connection  with  the  gaugings. 
Different  combinations  of  these  gauges  were  made  upon  different  days, 
the  distance  between  the  2  gauges  used  for  measuring  the  slope  ranging 
from  ^  a  mile  to  1 4  miles. 

Computation. — In  the  computation  of  the  gaugings  the  position  of  the 
me^n  of  a  series  of  floats  was  first  determined  from  the  readings  to  the 
several  floats ;  then  the  mean  velocity  given  by  the  series  was  computed, 
and  from  the  mean  velocities  the  velocities  of  different  portions  of  the 
river,  called  sections,  were  obtained.  Tliese  velocities  multiplied  by  the 
areas  of  the  sections  give  the  approximate  discharges  of  the  sections 
from  which  the  mean  velocity  and  discharge  of  the  whole  river  are  ob- 
taine<l  by  the  rigorous  metho<l  given  on  page  314  of  "Humphreys'  and 
Abbot's  Report  on  the  Mississii)pi  River,"  all  of  which  will  be  treated 
more  in  detail  below. 

Position  of  floats. — For  each  cross  section  a  table  was  constructed 
giving  the  distance  from  the  base,  of  points  in  the  upper  and  lower  sec- 
tions corresponding  to  given  readings  at  the  station  commonly  occupied 
for  locating  floats. 

A  mean  of  all  the  readings  to  floats  on  each  section  which  were  to  be 
combined  in  the  reduction  was  taken,  and  the  distance  corresponding  to 
this  reading  looked  out  from  the  table.  A  mean  of  the  distances  to  the 
same  series  of  floats  on  the  upper  and  lower  sections  was  then  taken 
and  assumed  as  the  distance  of  the  series  from  the  base,  corresponduig 
to  the  velocity  de<laced  from  that  series.  These  velocities  in  feet  per 
second  were  next  obtained,  by  dividing  the  length  of  the  base  by  the 
mean  of  the  observed  times  of  transit  past  the  base. 

Dimnion  of  the  river  into  sections. — The  plan  first  adopted  and  used  in 
the  gaugings  of  April  18,  19,  April  28  and  May  2,  1879,  for  the  division 
of  the  width  of  the  river  into  sections,  was  to  assume  as  many  sections 
as  there  were  series  of  floats  in  the  gauging,  the  limits  of  the  sections 
being  midway  between  the  positions  of  the  several  series.  A  profile  of 
the  river-bed  was  plotted  from  the  soundings  from  which  the  mean  depth 
of  each  section  was  obtained  and  the  observed  velocity  was  assumed  as 
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the  mean  velocity  of  the  section  in  which  it  occurred.  This  methdd 
being  found  neither  convenient  nor  sufficiently  accurate,  the  following 
method  was  adopted  for  the  remaining  gaugings.* 

Commencing  at  a  point  assumed  at  an  arbitrary  distance  from  tiie 
Illinois  base,  for  cross-section  No.  1,  174  feet,  and  for  cross-section  No.  2, 
88  feet,  the  river  was  divided  into  sections  each  100  feet  wide.  The  river 
varying  somewhat  in  width  with  the  stage  of  water,  it  is  evident  that 
the  sections  contiguous  to  the  shore  cannot  be  assumed  as  of  any  con- 
stant width,  and  a  profile  of  the  shore  was  therefore  constructed  from 
the  levels  and  the  soundings,  by  means  of  which  profile  the  width  and 
mean  depth  corresponding  to  any  stage  can  be  readily  obtained.  For 
all  sections  except  the  shore  sections,  a  mean  of  all  the  soundings  on  each 
section  reduced  to  zero  stage  was  taken  as  the  mean  depth  of  the  sec- 
tion at  that  stage  aud  a  table  formed  for  each  cross  section  giving  theae 
mean  depths. 

The  mean  depth  corresponding  to  any  stage  of  the  river  is  found  bj 
adding  the  figures  representing  the  stage  to  the  tabular  number,  and 
since  the  width  of  the  section  is  100  feet,  the  area  is  found  by  moving 
the  decimal  point  two  places  to  the  right.  The  mean  velocities  of  the 
100  feet  sections  were  taken  from  a  curve  platted  by  using  as  abscissas 
the  distances  from  the  Illinois  base  and  as  ordinates  the  observed  veloci- 
ties. 

Solution  of  the  final  equation. — ^The  formula  given  by  Humphreys  and 
Abbot  for  determining  the  mean  velocity  of  the  whole  river  is 

I  a  (V)  +  I  (a  ^b  i  V  i)  ^  I  {aY  i  B). 
in  which 

6  =  _  -  ^-^^ 

D  being  the  depth  of  the  river  at  any  point. 

Values  of  the  quantity  ^  h  i  have  been  computed  for  values  of  D 
from  0  to  30  feet  and  have  been  tabulated.  The  values  of  the  coefficients 
used  in  the  computations  are  obtained  from  this  table. 

The  equation  for  determining  v  i  becomes  by  dividing  by  I  a 

'  la  ^  la 

Which  is  a  quadratic  equation  of  the  form 

a**  +  px  =:q 

which  latter  may  be  solved  by  putting 

m  sin  M=  Vg 
m  cos  M=ip 
when  the  value  of  x  becomes 

x=  — w  cos  M  ±  m. 

In  the  actual  application  of  the  formula  the  positive  sign  of  "  m^  is 
used  for  the  reason  given  on  page  314  of  Humphreys  and  Abbot.  In 
the  computatioii  of  the  gaugings  the  difference  of  the  numbers  cos  M 
and  m  was  obtained  by  the  use  of  "  Wittstieu's  subtraction  logarithms.'* 
The  solution  of  the  above  equation  determines  the  square  root  of  the 

•The  ganginga  of  April  18,  19,  April  28  and  May  2,  above  mentioned,  were  after- 
wards recomputed  and  platted  according  to  method  described  below,  and  only  th© 
results  of  this  recomputatiou  are  given  on  accompanying  sheets. 
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lyean  velocity  of  the  whole  river  at  the  particular  cross-section  under 
consideration.  The  mean  velocity  multiplied  by  the  area  of  the  cross- 
section  gives  the  discharge  per  second. 

General  remarks, — Cross-section  No.  2  is  much  better  adapted  for  suc- 
cessful gaugings  than  cross-section  No.  1,  and  the  results  obtained  from 
it  are  entitled  to  greater  confidence  than  those  from  No.  1.  A  sand-bar 
above  section  No.  1  kept  moving  down  until  it  encroached  upon  the  sec- 
tion before  the  last  gauging  was  taken.  At  section  No.  2  there  was  no 
I>erceptible  change. 

SEDIMENT  OBSERVATIONS. 

Sediment  observations  were  made  at  Burlington,  Iowa,  during  the 
months  ot  April,  May,  and  June,  1879,  to  ascertain  the  amount  of  sedi- 
ment held  in  suspension  by  the  water  of  the  Mississippi  Eiver  at  that 
I)oiut.  The  water  was  taken  from  the  river  in  a  sediment  measure  con- 
structed especially  for  this  survey  at  Eock  Island  Arsenal.  The  meas- 
ure consists  of  a  hollow  steel  cylinder  closed  at  the  top  and  bottom  by  fixed 
brass  plugs,  the  top  plug  being  provided  with  an  opening  closed  by  a 
conical  valve  which  is  held  firmly  to  its  seat  by  a  spiral  spring,  and  by 
means  of  a  cord  attached  is  opened  as  desired.  By  means  of  brass 
clamps  the  measure  may  be  attached  to  a  pole  and  lowered  to  any  depth 
desired. 

The  water  was  taken  at  depths  of  1  and  12  feet  below  the  surface  at 
a  point  where  the  river  was  13  feet  deep.  The  amount  of  water  obtained 
at  each  observation  was  equal  to  the  capacity  of  the  measure,  which  was 
found  to  be  2,375  grams. 

The  water  was  emptied  into  glass  jars  and  allowed  to  settle.  It  was 
at  first  intended  to  determine  the  size  of  the  particles  composing  the 
sediment,  and  a  glass  micrometer  and  a  powei^l  microscope  were  pro- 
cured for  that  purpose,  but  the  operation  was  found  to  be  unsatisfac- 
tory on  account  of  the  diflBculty  of  separating  the  sediment  from  the 
filter-papers  upon  which  it  was  deposited  without  mingling  with  it  par- 
ticles of  the  paper.  The  water,  having  been  allowed  to  settle  a  given 
time,  was  siphoned  off,  except  about  half  an  inch  in  the  bottom  of  each 
jar.  The  siphoned  water  was  placed  in  a  new  jar  for  further  examina- 
tion, and  the  residual  water,  after  being  thoroughly  shaken,  was  filtered 
through  a  pair  of  filter- papers,  which  had  previously  been  carefully  bal- 
anced, so  as  to  be  of  exactly  the  same  weight.  After  the  filtration,  the 
papers  were  dried,  and  the  difference  in  weight  was  adopted  as  the 
weight  of  the  sediment.  The  above  process  was  repeated  until  no 
deposit  was  perceptible.  It  was  found  that  sand  and 'the  coarser  detri- 
tus would  settle  in  about  15  minutes,  all  except  clay  would  settle  in  24 
hours,  and  clay  in  about  100  hours,  although  in  some  cases  the  water 
would  retain  a  milky  appearance  for  several  weeks.  The  proportion  of 
sediment  to  water  is  so  small  that  a  long  series  of  observations  would 
be  necessary  to  give  definite  data. 

BORINGS. 

Borings  were  made  with  a  2-inch  auger  having  a  stem  of  gas-pipe,  to 
which  joints  were  added  as  the  boring  progressed.  Great  difficulty  was 
experienced  in  boring  under  water,  owing  to  the  filling  in  of  fine  sand  and 
mud,  so  that  it  was  found  necessary  to  first  drive  a  gas-pipe  shaft,  pump 
it  out,  and  bore  inside  of  it.    The  blade  of  the  auger  was  also  inclosed 
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in  a  sheet-iron  casing  in  order  to  prevent  the  water  firom  washing 
the  material  as  the  auger  was  drawn  ap.    The  results  of  the  vane 
borings  are  shown  on  sheet  2. 

Very  respectfully,  your  most  obedient  servant, 

A.  Mackenzie, 


Chief  of  Engineers,  U.  S.  A. 


Captain  of  Engineer 


S  4. 

IMPROVEMENT  OF  THE   MISSISSIPPI  RIVER  FROM   LA  CROSSE,  WIS( 

SIN,  TO  MOUTH  OF  ROOT  RIVER. 

No  work  was  executed  under  this  appropriation  duriug  the  past ; 
other  than  frequent  examinations  of  the  locality.  The  closing  d 
built  in  1878  have  settled  slightly,  but  they  have  well  answered 
purpose  for  which  they  were  built  in  holding  the  main  channel  of 
river  along  the  city  front.  The  channel  in  the  vicinity  of  La  Crc 
which  for  several  years  was  very  changeable  and  troublesome,  o^ 
to  the  movement  of  large  bodies  of  sand  caused  by  closing  the  chal 
the  east  of  Minnesota  Island,  has  now  had  time  to  regulate  itself, 
no  trouble  is  anticipated  in  this  immediate  vicinity  during  the  pre 
season. 

ABSTRACT  OF  APPROPRIATION. 

By  act  approved  June  18,  1878 |1 

No  further  appropriation  is  asked  for. 

Money  statement 

July  1, 1879,  amount  available fi 

July  1, 1680,  amount  expended  during  fiscal  year ' 


S5. 

REMOVAL   OP  BAR   IN    THE    MISSISSIPPI    RIVER,   OPPOSfXE    DUBU 

IOWA. 

A  project  for  this  work  was  presented  in  February,  1876  (Kep< 
Chief  of  Engineers,  Part  I,  page  696).  A  modified  project,  conten: 
ing  the  removal  of  the  bar  by  dredging,  was  approved  June  20, 
(Import  of  Chief  of  Engineers,  Part  I,  page  525).  On  July  2, 
Major  Farquhar,  in  his  annual  report,  submitted  a  new  projec 
dredging,  changing  former  estimates.  In  May,  1879,  a  Board  ol 
gineers  submitted  a  report  on  Dubuque  Harbor,  from  which  the  fo 
ing  extract  is  taken : 

The  following  plan  is  proposed  for  the  permanent  improvement  of  the  barbc 
prevent  the  refonning  of  the  bar  it  is  proposed  to  diminish  the  present  low- 
<5ro8s-section  of  the  river  at  the  landing^  by  constructing  two  low  spur  dams  < 
Duuleith  shore,  as  shown  011  the  tracing  hereto  attached,  rising  only  a  foot  abovt 
water,  and  extending  out  to  the  Moot  curve  at  low-water,  or  furtlier  if  found  1 
«ary.  The  effect  of  these  spurs  on  the  opposite  shore  should  be  carefully  wal 
and  no  more  contraction  should  be  produced  than  is  necessary  to  secure  the  d 
effect.    The  cost  of  the  spurs  is  estimated  at  |12,668 ;  but,  as  the  dredging  al 
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neaily  completed  has  secured  easy  access  to  the  landiuc,  and  as  for  two  years  the 
dredged  space  has  shown  little  or  no  tendency  to  fill  np,  although,  indeed,  there  hay& 
been  no  marked  high- water  periods  in  this  time,  it  is  not  proposed  to  begin  construc- 
tion until  the  present  dredged  area  shows  signs  of  filling  up,  when  the  work  should 
be  done  without  delay. 

The  construction  of  the  spurs  will  force  the  current  against  the  bar  and  Dubuque^ 
shore,  but  the  shore  below  the  bar  is  already  protected  by  stone,  either  loose  or  in 
paving;  hence,  any  serious  cutting  of  it  is  not  anticipated.  The  spurs  may  cause  a 
slight  shoaling  at  the  Dunleith  Ferry  Landing,  but  the  cost,  should  it  be  necessary, 
of  a  short  causeway  200  to  300  feet  in  length  to  the  new  shore-line  would  be  very 
smalL  As  the  bar  is  now  so  far  removed  as  to  meet  the  present  requirements  of  com- 
merce, it  is  proposed  to  discontinue  dredging,  and  the  available  appropriation  can  be 
retained  to  commence  the  proposed  spurs.  In  case  there  should  be  no  filling  up  ii> 
the  next  high-water,  the  dredging  should  be  continued  in  accordance  with  the  recom- 
Boendation  of  Maj.  F.  U.  Farquhar,  in  his  report  of  July  2,  1878. 

As  recommended  by  the  Board,  an  examination  was  made  August  24^ 
1879,  and,  as  no  filling  was  apparent,  the  balance  on  hand  was  expended 
in  dredging.  The  details  and  present  condition  of  work  are  shown  in 
appended  report  of  M.  Meigs,  United  States  civil  engineer. 

To  carry  out  the  existing  project,  the  work  remaining  to  be  done  is  to 
eonstruct  the  spur  dams  from  the  Illinois  shore  and  continue  dredging 
on  the  bar,  but  as  there  is  a  possible  danger  that  the  channel  may  leave 
the  draw  span,  and  as  there  is  also  a  probability  that  a  large  portion  of 
the  material  from  which  the  bar  is  formed  comes  from  the  caving  island 
banks  above  the  bridge,  I  propose  before  doing  tliis  work  to  make  a 
thorough  low- water  examination  of  the  channels  and  shores  above  the 
railroad  bridge.  The  appropriation  of  June  14, 1880,  will  be  expended 
for  dredging  and  the  commencement  of  spur  dams,  unless  it  ax^pears 
that  the  work  above  referred  to  is  of  greater  importance.  To  carry  out 
the  project  of  the  Board  of  Engineers'  construction  of  spur  dams  is  es- 
timated to  cost  $12,668,  and  to  complete  the  dredging  as  estimated  by 
Major  Farquhar,  in  his  report  of  July  2, 1878,  will  cost  $9,102.03,  or  a 
total  of  $21,770.03. 

ABSTRACT   OF  APPROPRIATIONS. 

By  act  approved  August  14,  1876 $15,000 

By  act  approvedJune  18.  1878 10,00a 

By  act  approved  March  3,  1879 4,008 

By  act  approved  June  14,  1880 7,000 

Total 36,000 

Money  statement 

July  1,  1879,  amount  available $3,995  76 

Amount  appropriated  by  act  approved  June  14,  1880 7, 000  00 

$10, 995  76 

July  If  1880,  amount  expended  during  fiscal  year 3, 995  13 

July  1,  1880,  amount  available 7,000  63 

Amount  (estimated)  required  for  completion  of  existing  project 14, 770  03 

Amount  tbat  can  be  profitably  expended  in  fiscal  year  ending  June  30, 1882.     14, 770  03 


report  of  mr.  m.  meigs,  united  states  civil  engineer. 

United  States  Engineer  Office, 

Rock  Ulandf  III,  July  1,  1880. 

Captain  :  I  have  the  honor  to  submit  my  report  on  the  **  Removal  of  a  bar  in  the  Mis- 
flippi  River  opposite  Dubuque,  Iowa,"  for  the  fiscal  year  endinjf  June  30,  1880.  An 
examination  of  Dubuque  Bar  made  August  24, 1879,  after  the  subsidence  of  high- water, 
showed  no  change  of  importance  subsequent  to  the  completion  of  dredging  o^e;i:9bt\si!k!^ 
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in  1878.  A  few  patches  that  had  been  left  from  0.1  to  0.3  of  a  foot  above  grade  vei» 
«till  in  place ;  in  a  few  spots  the  bottom  had  been  raised  0.1  or  0.2  of  a  foot;  mwm 
others  deepened  the  same  amoant ;  there  was  no  filling  up  that  conld  be  discoyoei 
The  dredging  was  therefore  continued  according  to  the  plan  previously  pursued,  uA 
as  recommended  in  the  report  of  the  Board  of  Engineers  convened  at  Dubuque  Mtj 
19y  1879.  The  accompanying  sketch  shows  the  areas  dredged  in  differeut  years  isi 
the  present  position  of  the  bar. 

The  work  already  performed  has  beeu  of  great  benefit  to  the  shipping  interests  d 
Dubuque,  and  has  proved  satisfactory  to  steamboat  men. 

The  excavation  carried  on  in  1880  was  in  the  upper  and  heavier  portion  of  the  hi. 
The  ^ade  was  4^  feet  below  low-water,  being  the  same  as  in  previous  work,  (ISTB,) 
iind,  if  the  work  is  carried  further  up  stream,  the  excavati(»n  will  be  in  sand  aver^iI^ 
5  feet  above  grade,  and  consequently  expensive. 

The  work  was  done  under  agreement  with  H.  S.  Brown  &,  Co.,  of  Hamilton,  DL 
But  two  off*er8  were  made,  that  of  Brown  &  Co.,  and  by  Whitney  &  Son,  of  Keokuk, 
Iowa.  Both  bid  the  same  price,  17  cents  per  cubic  yard,  and  the  work  was  given  U 
Brown  &,  Co.,  as  they  owned  the  only  idle  dredge  on  the  river.  The  appropriatioi 
ran  out  before  the  cleaning  up  was  quite  finished,  and  a  small  patch  was  left  2  fed 
above  ^rade,  but  it  will  probably  wash  down  nearly  even  with  the  rest  of  the  bottoa. 
I  would  suggest  that  no  further  work  be  done  until  a  survey  at  low-water  shall  hafi 
«hown  what  the  tendency  of  the  bar  may  be  either  to  fill  up  or  wash  away. 

Summary  of  work  to  date. 


Items. 


Cnbie 


Dredged  daring  year  ending  June  30,  1878 
Dredged  during  year  ending  June  30,  1879 
Dredged  during  year  ending  Jane  30,  1880 

Total 


31^  aa 

37.06 


«i,m 


Cost  of  dredging  19,573.24  cubic  yards  at  Dubuque j  Iowa. 


Items. 


19,573.24  cable  yards  dredged  and  removed 
Saperintendence  and  office  expenses 

Total  cost 


Cost  per 
cabic  ymrd. 


$0  17 
0  03 


0  20 


Total 


$3.3fT4« 

mm 


3,90SU 


Very  respectfully,  your  obedient  servant. 


Capt.  A.  Mackenzie, 

Corps  of  Engineers^  U.  S.  A. 


M.  Meigs, 
United  States  Civil  Engineer. 


S6. 

IMPROVEMENT  OF  ROCK  ISLAND  RAPIDS,  MISSISSIPPI  RIVER. 


The  original  project  for  this  work  was  presented  in  1866,  and  was  to 
make  cuts  through  the  various  chains  of  rock,  giving  an  available  depth 
at  extreme  low- water  of  4  feet  and  a  channel  width  of  200  feet.  Th« 
work  remaining  July  1, 1879,  to  complete  the  existing  project,  was  to 
remove  some  patches  of  rock  at  Saint  Louis  chain ;  to  make  a  thoroagb 
examination  of  the  channel  and  remove  any  projecting  points  of  rod^ 
if  such  were  found ;  to  dredge  out  all  loose  rock  and  bowlders  which 
had  been  carried  into  the  channel  by  ice ;  and  to  establish  and  nuun- 
tain  a  system  of  chaniiel  marks. 
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The  very  small  appropriation  of  March  3,  1879,  only  permitted  of  the 
asting  of  the  patches  of  rock  at  Saint  Louis  chain  and  the  placing  in 
>8ition  of  a  few  exi>erimental  buoys.  The  details  of  the  pa«t  season's 
ork,  together  with  methods  used,  are  fully  given  in  the  annual  report 
'  Assistant  Engineer  E.  F.  Hoffmann,  who  has  been  in  local  charge  of 
lis  work  from  its  commencement. 

The  establishment  of  buoys  on  the  rapids  is  difficult,  but  their  ne- 
issity  is  sufficiently  great  to  justify  a  trial  of  various  forms  until  the 
le  is  found  which  best  resists  the  blows  received  at  certain  stages  from 
eamboats  and  rafts. 

These  buoys,  once  established,  should  be  carefully  maiutaiued  ;  and 
\  do  this  will  require  the  services  of  a  small  steamboat  which,  it  is  es- 
mated,  will  cost  about  $1,200.  In  reply  to  a  resolution  of  the  House 
'  Representatives,  a  report,  dated  5larch  15,  1880,  was  submitted, 
ving  a  brief  history  of  the  liock  Island  Eapids  improvement,  with 
asons  and  estimates  for  increasing  the  width  of  channel  to  400  feet, 
louse  Ex,  Doc.  67,  Forty-sixth  Congress,  second  session.) 
The  work  projected  for  this  fiscal  year  is  to  thoroughly  examine  the 
its  through  the  various  chains,  dredge  out  loose  rock,  and  remove  any 
rojecting  points,  and  establish  channel  marks  for  the  aid  of  navigation. 
.8  much  of  this  work  will  be  carried  out  as  the  $8,000  appropriated  by 
3t  of  June  14,  1880,  will  permit.  At  the  beginning  of  the  last  fiscal 
3ar  it  was  estimated  that  an  appropriation  of  $12,000  would  complete 
le  existing  project,  and  it  would  have  done  so,  but  the  reduction  of 
lis  amount  to  $8,000  will  carry  a  portion  of  the  work  into  the  fiscal 
^ar  ending  June  30,  1882,  and  increase  its  cost  materially.  I  now  es- 
mate  that  an  additional  appropriation  of  $8,000  will  be  needed  to 
implete  the  existing  project  and  maintain  buoys  and  channel  marks. 

ABSTRACT  OF  APPROPRIATIONS. 

f  act  appro  vedJune  23,  1866 $100,000 

^  act  approved  March  2,  1867 200,000 

^  aUotment  from  appropriation  of  July  25,  1868 156,000 

f  aUotment  fi'oin  appropriation  of  April  10,  1869 133,  €50 

^  act  approved  July  11,  1870 150,000 

f  act  approved  March  3,  1871 150,000 

r  act  approved  June  10,  1872 50,000 

r  act  approved  March  3,  1873 50,000 

r  act  approved  June  23,  1874 50,000 

T  act  approved  March  3,  1875 50,000 

r  act  approved  August  14,  1876 25, 000 

r  act  approved  June  18,  1878 30,000 

'  act  approved  March  3,  1879 6,000 

"  act  approved  June  14,  1880 8,000 

Total 1,158,650 

Money  statement 

ly  1,  1879,  amount  available |9, 176  93 

nonnt  appropriated  by  act  approved  June  14,  1880 8, 000  00 

17, 176  93 

ily  1,  1880,  amount  expended  during  fiscal  year 7, 742  72 

ily  1,  1880,  amount  available 9,434  21 

noont  (estimated)  required  for  completion  of  existing  project 8, 000  00 

mount  that  can  be  profitably  expended  in  fiscal  year  ending  June  30, 1882.     8, 000  00 
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report  of  mr.  e.  f.  hoffman,  assistant  engineer. 

United  States  Engineer  Office, 

Rock  Islandy  III,  July  1,  \m. 

Captain  :  I  have  the  honor  to  submit  my  report  of  operations  for  the  **  Improvement 
of  the  Rock  Island  Rapids''  for  the  fiscal  year  ending  June  30, 1880. 

According  to  the  appix)ved  project  it  was  proposed  to  excavate  at  Saint  LfOuis chain 
several  patches  of  rock  whicn  encroached  upon  the  channel.  On  July  6  the  small 
steamer  Irene  towed  the  steam-drill  scow  and  quarter  boat  to  Saint  Louis  chain.  The 
work  of  blasting  with  dynamite  was  begun  August  4,  1879,  and  the  result  is  given  n 
the  following  table : 


Month. 


August . . . 
September 
October . . . 


m 

i? 

a 


^ 


Number. 
22 
23 
16 


• 
ID 

O 

■ 

s 

o 
.a 

t 

o 

<M 

•o 

© 
hi 

S 

s 

t 

1 

o 

^ 

I 

n 

Q 

Q 

Number. 

Feet 

Inehee. 

226 

3  to4 

3 

218 

4  to  5 

3 

109 

3  to4 

3* 

a 

a 
a 
a 


703 
981 
884 


a 

> 

4 

1 

H 

► 

«.s 

o 

t*** 

u 

0 

(4 

► 

< 

< 

8q.fl- 
6,350 

Feet. 

2.5 

7,148 

2.53 

2,370 

2.00 

588 

fn 

2S4 


The  total  amount  of  rock  broken  is  1,513  cubic  yards ;  286  pounds  No.  1,  and  800 
pounds  No.  2  dynamite  were  used,  averaging  1.96  pounds  to  each  drill-hole,  of  which 
one-third  was  No.  1  and  two-thirds  No.  2.  An  average  of  0.72  pound  dynamite  to  1 
cabic  ^ard  of  rock  was  required.  The  cost  per  cubic  yard  was  $3.12.  The  work  was 
much  interfered  with  by  passing  steamers  and  rafts,  as  the  plant  had  to  be  frequently 
moved  out  of  their  way. 

Several  charges  were  fired  simultaneously,  the  average  number  of  connected  charges 
being  five^  but  from  twelve  to  fourteen  chai^ges  were  sometimes  exploded  at  once  where 
the  formation  of  the  river  bed  made  it  desirable.  A  S'mich  magneto-electric  battery 
was  chiefly  used  for  firing  the  charges,  and  a  friction  electric  batt«ry  also  did  good 
service.    For  testing  the  connection  a  galvanometer  was  procured. 

The  dredging  of  the  broken  rock  at  Saint  Louis  chain  should  be  performed  daring 
the  coming  season,  and  it  is  respectfully  recommended  that  a  dredge  for  this  porpote 
be  hired  by  the  day.  .  The  above-mentioned  work  is  the  first  which  has  been  aole^ 
executed  by  subaqueous  blasting  during  the  progress  of  this  improvement,  and  it  win 
be  of  interest  to  know  if  knobs  or  points  of  rock  nave  been  left  above  grade,  in  which 
ease  the  steam  drill  will  have  to  oe  used  before  the  places  are  dredged,  and  for  this 
reason  the  hire  of  a  dredge  by  the  dav  is  preferable.  A  sum  of  $3,000  will  be  saffieicnl 
to  dredge  the  improved  channel  at  Saint  Louis  chain  and  to  do  as  mach  sabaqneons 
blasting  as  may  be  necessary  for  removing  points  found  to  be  above  grade. 

The  steam  drill  was  al<»o  used  during  the  season  in  breaking  up  pieces  of  rock  which 
had  been  carried  by  ice  into  the  cuts  at  Smith's,  Campbell's,  and  Duck  Creek  chains 
Orders  were  received  from  you  to  place  buoys  of  different  shape  at  certain  places  on 
the  rapids,  where  they  could  be  tned  with  reference  to  serving  as  guides  to  naviga- 
tion, and  to  withstanding  collisions  with  passing  steamers  and  rafts.  Two  of  these 
trial  buoys  were  made  of  timber  12  inches  square  and  12  feet  long,  fastened  to  a  ring- 
bolt let  into  the  rocky  bottom  by  a  i-inch  chain.  Two  other  buoys  were  pear-shaped, 
the  largo  end  22  inches  diameter,  the  small  end  U  inches,  and  8  feet  in  length ;  through 
the  axis  a  hole  3  inches  diameter  was  bored,  and  a  conical  hole  cut  oat  of  the  top  of 
the  buoys  for  the  purpose  of  receiving  a  cast-iron  couical  hollow  piece  with  a  bar  of 
wrought  iron  around  which  the  chain  is  fastened  which  leads  to  the  ring-bolt  inserted 
in  the  river  bottom.  The  slack  of  the  chain  lies  alongside  of  the  holding  chain  in  the 
interior  of  the  buoy,  and  the  length  of  the  chain  can  be  regulated  at  pleasure  by  re« 
moving  the  cast-iron  cone.  During  the  winter  of  1879-1880  eleven  new  buoys  Were 
constructed,  six  of  the  pear-shaped  pattern  and  five  spar  buoys.  The  latt-er  were  pro- 
vided with  an  extra  weight  of  60  pounds  attached  to  the  chain,  which  at  low-water 
rests  on  the  bottom,  and  at  high-water  acts  as  a  compensating  spring  when  the  buoy 
pulls  too  strong  on  the  ring-bolt. 

All  the  buoys  were  placed  in  position  between  March  28  and  April  1,  1880.  The  ac- 
companying sketch  shows  thefr  location.  Additional  buoys  will  be  placed  as  soon  as 
a  lower  stage  of  water  permits.  The  anchoring  of  the  buoys  on  some  of  the  most  dif- 
ficult places  has  met  with  general  approval  from  steamboat  men,  and  it  is  of  much  im- 
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^rtance  to  navigation  that  the  plan  of  hnojing  the  channel  be  adhered  to,  and  that 
DeacoDB  or  landmarks  be  established  for  the  same  purpose. 

It  is  necessary  to  remove  and  store  away  the  buoys  when  ice  begins  running,  and  to 
replace  them  in  the  spring.  Rafts  and  steamboats  sometimes  displace  them,  and  in 
•uch  cases  they  should  be  promptly  restored. 

For  accomplishing  this  work,  and  for  other  purposes,  the  use  of  a. small  steamer  on 
the  rapids  is  indispensable,  which  can  tow  the  steam-drill  scow  or  a  smaller  flat-boat 
provided  with  conveniences  for  drilling  by  hand.  Such  a  steamer  could  be  built  for 
|I,*^0,  and  its  construction  is  most  reMpectfully  recommended.  A  survey  of  the  cuts 
through  the  various  chains  is  quite  necessary  K)r  ascertaining  what  obstructions  have 
been  brought  into  them  bv  ice  duriug  the  past  nine  years. 

The  sounding  machine  belonging  to  this  improvement  is  provided  with  an  a^usta- 
ble  rake  by  means  of  which  small  objects  on  the  river  bottom  may  be  found  and 
located. 

To  make  the  survey  the  hire  of  a  small  steamboat  from  two  to  three  weeks  will  be 
necessary  for  towing  the  rake.  The  notes  of  the  survey  can  be  plotted  during  the 
winter  so  as  to  be  used  when  another  appropriation  gives  the  means  of  dredging  over 
the  entire  improved  channel  of  the  river. 

SUMMARY  FOR  FISCAL  YEAR  ENDING  JUNE  30,  1880. 

Blasting  1,513  cubic  yards  of  rock  at  Saint  Louis  chain,  at  |3.12  per  cubic 

yard $4,720  56 

Removing  obstructions  washed  in  by  ice  at  Smith's,  Campbell's,  and  Duck 

Creek  chains 1, 675  00 

Constructing  and  establishing  buoys 1, 347  16 

Total  expended 7,742  66 

Very  respectfully,  your  obedient  servant, 

E.  F.  Hoffmann, 

Aasiatant  Engineer , 
Capt.  A.  Mackenzie, 

Corps  of  Engineers f  U,  S.  J. 


special  repoet. 

United  States  Engineer  Office, 

Rock  Island^  111. ^  March  15,  1880. 

General  :  I  have  the  honor  to  acknowledge  the  receipt  of  a  letter 
from  your  offit^e,  dated  March  9,  1880,  containing  a  resohition  of  the 
House  of  Representatives  calling  for  ceitain  maps  and  reports  in  refer- 
ence to  a  proposed  widening  of  the  Bock  Island  Bapids. 

The  accompanying  map,  which  shows  the  present  200-foot  channel  and 
tbe  work  required  for  increasing  this  width  to  400  feet,  was  prepared 
last  winter,  but  as  yet  no  reports  on  the  subject  have  been  made.  I 
uroold  therefore  submit  the  following  : 

The  Rock  Island  or  Upper  Rapids  of  the  Mississippi  River  extend 
from  Le  Claire,  Iowa,  to  Rock  Island,  111.,  a  distance  of  14  miles.  The 
river  over  this  reach  consists  of  a  succession  of  deep  pools  separated  by 
chains  of  rocks,  through  which  the  water,  in  the  course  of  centuries,  has 
cat  irregular  channels. 

The  fall  from  the  head  to  the  foot  of  the  rapids  is  about  20  feet,  giv- 
iDg  a  velocity  of  current  of  from  2  to  10  feet  per  second  at  the  shoal 
places.  * 

Previous  to  improvement  the  rapids  could  not  be  passed  by  the  larger 
class  of  steamboats  at  a  2-foot  stage,  and  at  medium  stages  boats  draw- 
ing from  3  to  4  feet  could  only  pass  on  calm  days  and  by  using  extreme 
caution. 

Congress  caused  a  survey  and  report  on  the  improvement  of  the 
rapids  to  be  made  in  1866. 

97  E 
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Id  1867  the  work  of  excavation  was  catDmeDced,  in  accordanc 
the  approved  plan,  which  was  to  give  a  channel  over  the  chains^ 
in  width,  with  a  depth  of  4  feet  below  low- water  of  1864.  From 
1879,  inclusive,  $1,150,650  were  appropriated,  for  which  sum  about 
cubic  yards  have  been  removed,  virtually  completing  the  abo^ 
tioned  plan. 

The  work  already  accomplished  has  greatly  benefited  navigati 
still  certain  difficulties  are  met  with. 

1.  The  channel  is  so  crooked  that  it  is  not  practicable  in  its 
condition  to  provide  a  system  of  lights,  and  the  na\igation  of  th< 
is  suspended  duiing  the  night. 

2.  The  width  of  200  feet  is  not  sufficient  to  admit  of  2  boa 
barges  passing  each  other,  so  that  either  the  ascending  or  des< 
boat  must  wait  in  one  of  the  deep  pools  until  the  other  has 
through  a  cut. 

3.  A  fresh  breeze,  acting  against  the  very  long  and  high  Mis 
steamers,  endangers,  and  a  strong  wind  prohibits,  navigation  t 
the  narrow  channels. 

4.  A  large  steamer  ascending  the  rapids  through  the  compai 
narrow  200-foot  channels  draws  down  the  water  to  such  an  extei 
materially  reduce  the  depth  in  the  cuts,  so  that  a  4-foot  channe 
really  available  at  all  parts  of  the  rapids  during  a  low- water  stag 
river. 

The  most  available  plan  that  can  be  suggested  for  overcomin 
difficulties  is,  as  shown  on  the  accompanying  map,  to  widen  the 
cuts,  giving  a  new  channel  400  feet  in  width.  By  this  wideni 
second  and  third  difficulties  would  be  done  away  with,  the  fourth 
be  greatly  reduced,  and  by  so  straightening  the  channel  as  to 
long  reaches,  lights  could  be  established  which  would  overcome  t 
difficulty. 

To  increase  the  width  of  the  channel  to  400  feet,  giving  a  dept 
feet  below  low- water,  which  will  insure  a  grade  as  low  as  that 
present  cut,  will  require  the  removal  of  209,811  cubic  yards  of  n> 
will  cost  approximately  $1,258,866. 

Boats  drawing  five  feet  can  pass  through  the  Des  Moines  Eapidi 
during  extreme  low-water. 

If  it  is  deemed  advisable  to  give  the  same  available  depth  and 
fectly  safe  channel  over  the  Rock  Island  Rapids,  the  cuts  sho 
made  400  feet  wide,  and  excavated  to  a  depth  of  at  least  6  feet 
low-water  of  1864.  This  would  require  the  removal  of  581,83i 
yards  of  rock,  which  would  cost  approximately  $3,491,010. 

I  have  estimated  the  cost  of  removing  rock  at  $6  per  cubi< 
which  would  be  sufficient,  provided  an  appropriation  was  large  i 
to  justify  the  building  of  coffer-dams  and  a  systematic  method  o 
ing. 

The  plans  present  could  undoubtedly  be  so  modified  during  th 
ress  of  the  work  as  to  require  cutting  on  but  one  side  of  the  cl 
where  it  is  now  supposed  to  require  cutting  on  both  sides ;  such  cl 
when  practicable,  will  reduce  the  estimated  cost. 

Ttfe  interests  of  navigation  of  course  require  that  in  time  all  t 
posed  work  shall  be  done,  but  as  the  obstructions  at  the  Rock 
Rapids  are  made  up  of  a  succession  of  shoals,  the  improv^ement 
may  be  considered  as  separate,  complete  within  itself,  and  bei 
navigation  just  so  much. 

The  only  point  in  connection  with  the  proposed  widening  of  th 
nel  which  has  not  yet  been  considered  is  the  effect  which  the  st 
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-ening  and  improving  of  present  channel  would  have  on  the  depth  of  the 
water  and  the  rapidity  of  the  current. 

No  effect  whieh  can  be  measured  by  the  most  delicate  instruments  we 
have  has  been  produced  by  the  work  already  done,  and  it  can  be  safely 
predicted  from  experiences  here  and  elsewhere  that  by  using  the  rock 
excavated  for  reducing  the  flow  of  water  at  other  points  the  required 
depth  can  be  maintained. 

Should  the  current  be  slightly  increased,  it  will  not  interfere  with 
navigation,  provided  a  sufficient  width  and  depth  of  channel  is  given. 

During  the  pa^t  season  the  number  of  boats,  &c.,  passing  through  the 
•draw  of  the  Bock  Island  bridge  was  as  follows : 

Steam  boats    2, 514 

Barges 750 

Bafts 571 

All  these  boats  and  rafts  passed  over  the  rapids,  but  it  is  perhaps  un- 
fJBkir  to  judge  of  benefits  resulting  from  an  improvi  ment  of  this  kind  from 
these  tigures,  for  the  increased  width  and  depth  of  channel,  by  facilitat- 
ing navigation  and  reducing  cost  of  water  transportation,  would  develop 
new  interests. 

Very  respectfully,  your  obedient  servant, 

A.  Mackenzie, 


The  Chief  of  Engineers,  U.  S.  A. 


Captain  of  Engineers. 


S  7. 

IMPROVEMENT  OF  HARBOR  AT  ROCK  ISLAND,  ILLINOIS. 

In  compliance  with  instructions  from  the  office  of  the  Chief  of  Engi- 
neers, under  date  of  September  13,  1879,  a  report  was  made  by  me  on 
November  5.  Said  report,  which  is  printed  in  House  Ex.  Doc.  No.  32, 
Forty-sixth  Congress,  second  session,  proposes  the  removal  by  dredging 
of  the  bar  along  the  levee  and  of  a  portion  of  the  large  bar  which  ex- 
tends down  from  the  foot  of  the  island  of  Rock  Island  and  covers  the 
steamboat  landing.  It  is  proposed  during  the  present  season  to  remove 
by  dredging  as  much  of  the  bars  above  mentioned  as  can  be  accom- 
plished with  the  fiinds  available. 

ABSTRACT  OF  APPROPRIATIONS  FOR  IMPROVING  HARBOR  AT  ROCK  ISLAND,  ILLINOIS. 

By  act  approved  June  14,  1880 1^6,000  00 

Money  statement. 

Amount  appropriated  by  act  approved  June  14,  1880 6, 000  00 

July  l,18tW,  amount  available 6,000  00 

Amount  (estimated)  required  for  completion  of  existing  pnyect 20, 759  15 

Amount  that  can  be  profitably  expended  in  fiscal  year  ending  June  30, 1882.  20,759  15 


S   8. 
IMPROVEMENT  OF  HARBOR  AT  MUSCATINE,  IOWA. 

A  report  on  an  examination  of  the  steamboat  landings  in  front  of 
Mnscatine,  submitted  January  25,  1879,  estimated  the  cost  of  removing 
the  accumulated  deposit  of  mud  at  $19,250. 
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The  act  of  Congress  approved  March  3, 1879,  appropriated  |7,5C 
commencing  the  work,  which  amount  was  made  immediately  aval 
by  the  Secretary  of  War.  Dredging  was  begun  May  12,  and  be(| 
this  date  and  June  30,  1879,  $3,831  were  expended,  leaving  a  balfu 
$3,669  available  July  1,  1879. 

Dredging  was  continued  until  July  12,  at  which  date  the  high- 
caused  a  suspension  of  work,  leaving  the  harbor  in  comx)aratively 
condition. 

By  letter  of  the  Chief  of  Engineers  dated  August  12,  1879,  autl 
was  given  to  exi)end  the  balance  of  this  appropriation  in  the  re 
of  an  obstruction  in  the  channel  just  above  the  city,  and  a  dredg 
sent  to  Muscatine  for  this  purpose.  A  more  detailed  examinat 
the  obstruction  showed  that  what  had  been  reported  as  a  mass  of 
ders  was  too  solid  to  be  removed  by  the  dredge,  and  this  work  I 
be  temporarily  abandoned,  the  small  balance  avail<ible  being  ni 
removing  by  dredge  a  gravel  point,  which  caused  iti  part  the  d 
along  the  city  front. 

The  removal  of  the  mass  of  rock  above  the  city,  amounting  to 
10,000  cubic  yards,  will  be  necessary  in  the  future,  but  does  not  d< 
immediate  attention,  as  good  channels,  which  are  now  found  on 
sides  of  it,  render  it  less  of  an  obstruction  than  is  found  at  many 
points.  If  a  low-water  examination  of  this  harbor  shows  that  a 
is  still  taking  place,  I  propose  expending  as  much  of  the  $7,500  j 
priated  by  act  approved  June  14, 1880,  as  may  be  necessary  for  conti 
dredging,  using  any  balance  remainingforthecommeucement  of  sucl 
as  may  be  necessary  for  preserving  the  harbor  and  channel  of  the 
in  this  vicinity.  The  estimat/C  of  Jnnuary  25, 1879,  which  gave  th< 
cost  of  dredging  required  as  $19,250,  was  based  upon  a  survey  ms 
that  time,  but  as  changes  are  constantly  taking  place  at  this  as  v 
other  localities  on  the  river,  the  accuracy  of  this  estimate  cannot  v 
determined  for  some  time  to  come.  Assuming  this  estimate  to  b 
rect,  there  remains  to  be  appropriated,  to  complete  the  work,  $4,25( 
this  amount  can  be  profitably  expended  either  in  dredging  in  Mus< 
Harbor  or  in  the  improvement  of  the  river  in  the  vicinity  durii 
fiscal  year  ending  June  30,  1882. 

SUMMARY  OF  WORK   FOR  FISCAL   YEAR  ENDING  JUNE   30.  1880. 

15,107  cubic  yards  material  dredged,  at  20  cents $:), 

Engineering  and  contingencies 

Total 3, 

ABSTRACT  OF  APPROPRIATIONS. 

By  act  approved  March  3,  1879 

By  act  approved  June  14,  1880 


Total 


Money  statement 


July  I,  1879,  amount  available |3,669  00 

Amount  appropriated  by  act  approved  June  14, 1880! 7, 500  00 

$11 

July  1,  1880,  amount  expended  during  fiscal  year* 3, 

July  1,  1880,  amount  available 7, 

Amount  (estimated)  required  for  completion  of  existing  project 4, 

AinoaD  t  that  can  be  profitably  ^xp^iided  m  tlac&l  year  ending  June  30, 1882 .  4, 
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S.  9. 
ROVEMENT  OF   RUSH  CHUTE  AND  HARBOR  AT   BURLINGTON,  IOWA. 

'he  work  projected  in  January,  1879,  for  the  improvement  of  naviga- 
i  just  above  Burlington,  was  to  dredge  away  a  portion  of  the  bar  at 
head  of  Bush  Chute,  protect  the  banks,  and  contract  the  channel  at 
foot  of  the  chute.  None  of  this  work  was  done  during  the  fiscal 
r,  as  the  amount  of  money  available  was  not  sufficient  to  justify  a 
amencement,  and  it  was  deemed  advisable  to  wait  for  and  observe  cer- 
1  changes  going  on  at  the  foot  of  the  chute. 

^he  channel  through  Eush  Chute  and  just  above  Burlington  is  trouble- 
le,  and  though  it  did  not  give  as  much  annoyance  last  season  as  many 
er  points,  it  continues  threatening  to  be  very  bad.  As  the  proposed 
rk  did  not  immediately  follow  the  presentation  of  the  project,  many 
kuges  may  be  found  necessary  when  the  work  is  carried  out.  What 
^se  changes  will  be  cannot  be  definitely  stated  until  a  new  low- water 
unination  is  made,  but,  as  the  changes  will  certainly  not  reduce  the 
t  of  the  work,  the  original  estimate  is  still  adhered  to. 
^ith  the  money  available  and  the  amount  asked  for  for  fiscal  year 
ling  June  30,  1882,  it  is  proposed  to  remove  the  bar  at  head  of  Rush 
ute,  protect  the  banks,  a^nd  build  such  spur  dams  at  the  foot  of  the 
ite  as  will  prevent  a  shifting  of  the  channel.  ^ 

• 
ABSTRACT  OF  APPROPRIATIONS. 

act  approved  August  14,  1876 i $10,000 

act  approved  June  18,  1878 10,000 

act  approved  March  3,  1879 5,000 

act  approved  June  14,  1880 5,000 

Total.... : 30,000 

Money  statement. 

y  1,  1879,  amount  available $7, 670  92 

lount  appropriated  by  act  approved  June  14,  1880 5, 000  00 

$12,670  92 

ly  1,  1880,  amount  expended  during  fiscal  year  . . 19  21 

ly  1,  1880,  amount  available • 12,(^5171 

lount  (estimated)  required  for  completion  of  oxinting  project 39,656  87 

lount  that  can  be  profitably  expended  in  fiscal  year  ending  June  30, 1882.  39, 656  87 


S.  10 

IMPROVEMENT  OF  HARBOR  AT  FORT  MADISON,  IOWA. 

[•he  original  project  for  this  work  was  presented  December  6,  1876. 
jport  of  Chief  of  Engineers,  1876,  part  I,  page  688.)  It  consisted  in 
sing  Niota  Chute  for  the  purpose  of  throwing  more  water  into  the  main 
mnel  and  removing  the  bars  which  obstruct^  the  landing  at  Fort  Mad- 
n  and  assisting  through  navigation  of  the  river.  The  construction  of 
(losing  dam  was  commenced  in  1877,  and  completed  in  1878.  The 
Hit  of  this  dam  was  to  somewhat  improve  the  channel  in  front  of  the 
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city  wharf.    The  work  proposed  at  the  begiDning  of  the  last  fiscri  year 
was  to  build  a  spur  dam  from  the  head  of  Niota  Islaud  to  contract  the 
channel  and  direct  the  current  along  the  Fort  Madison  landing.  Od 
September  9, 1879,  a  modified  project  for  the  expenditure  of  the  1^laa» 
on  hand  was  submitted  and  approved  September  13, 1879.    This  latter 
project  proposed  postponing  the  construction  of  a  dam  from  head<< 
!Niota  Island,  as  such  dam  might  endanger  the  raft  channel,  and  reooo- 
mended  the  raising  of  Kiota  Chute  Dam,*  the  protection  of  Island  3Sl 
the  connecting  of  this  island  with  main  shore  by  a  causeway,  and  suA  ^ 
dredging  as  might  be  necessary  for  the  relief  of  Fort  Madison  Harbgr  ! 
and  the  Ferry  Lauding  on  the  Illinois  shore.    This  work  was  all  carrad 
out  during  the  past  fiscal  year. 

Fort  Madison  is  badly  located  for  river  commerce,  and  it  is  difficult  to 
preserve  a  channel  along  its  front,  but  the  works  already  constructed  aw 
having  a  beneficial  effect,  and  the  naiTOw  but  deep  channel  between  the 
bar  and  wharf  seems  to  be  improving. 

Before  the  improvement  of  the  river  in  this  vicinity  can  be  considered  is 
completed,  spur  dams  must  be  built  out  from  islands  391  and  392,  Niota, 
and  the  channel  between  392  and  393  must  be  closed,  and  for  the  accom- 
plishment of  the  above  work  $8,586.87,  the  balance  of  the  original  e^- 
mate,  is  respectfully  asked  for. 

SUMMARY  OP  WORK  FOR  FISCAL  YEAR  KNDING  JUNE   30,    1880. 

Niota  Chute  Dam. 
2,083.7  cubic  yards  rock,  at  |1.30 $2  70881 

Ndber's  Island  Dike. 

1,517  cubic  yards  rock,  at  $1.30 1,97219 

604.9  cubic  yards  brusn,  at  75  cents 453  67 

Ndber'8  Island  Share  Protectum. 

275.7  cubic  yards  rock,  at  $1.30 ...• 358(1 

114  cubic  yards  brush,  at  75  cents H650 

Dredging  at  Ferry  Landing* 

310  cubic  yards  sand,  at  16  cents 49  tt 

Superintendence  and  office  expenses 1,250  ^ 

Total 6,878  5* 

ABSTRACT  OF  APPROPRIATIONS. 

By  act  approved  August  14,  1876 $10.0» 

By  act  approved  June  18,  187 -< 8,000 

By  act  approved  March  3,  1879 3,600 

Total 21.600 

Money  statement 

July  1,  1879,  amount  available $6, 878  54 

July  1,  1880,  amount  expended  during  fiscal  year 6, 878  54 

Amount  (estimated)  required  for  completion  of  existing  project 8, 586  87 

Amount  that  can  be  profitably  expended  in  fiscal  year  ending  June  30, 1882. .  8, 586  87 

*  The  Niota  Chute  Dam  wafl  built  to  a  height  of  2  feet  above  low-water.     An  exami- 
nation made  in  March  1880  showed  that  the  dam  had  settled  but  slightly. 
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Abstract  of  proposolf  received  and  opened  August  27, 1879,  for  building  dams  and  shore  pro- 
tections of  krush  and  stone  in  the  Mississippi  River^  near  Fort  Madison^  Iowa. 


2,000  cnbio  yards 
stone. 


1,500  cubic  yards 
brush. 


a 


Kapnes  and  residences  of  bidders. 


Per  cubic    A^nount    P®''  <^"^»**^ 
yard.         ^"«""**»^        yard. 


2 
3 


H.  S.  Brown,  Hamilton,  111 

Ednjond  H.  Rand,  Pnntoosac,  111. 
Whitney  and  Son,  Keokuk,  Iowa 


Aggregate. 


Amount. 


$1  30  $2,  600  00 
1  28  2,  560  00 
1  30     2.  600  00 


$0  90   $1.  350  00 

1  23  I  1,  845  00 

75  j  1, 125  00 


$3,  950  00 
4,  405  00 
3,  725  00 


S  II. 

MPROVEMENT  OF  THE  MISSISSIPPI  RIVER  AT  AND  ABOVE  THE  CITY  OF 

ALEXANDRIA,  MISSOURI. 

A  report  on  this  subject  witb  aecorapanying  project  was  made  by  M^. 
F.  U.  Farquhar,  Corps  of  Engineers,  January  7,  1879. 

The  project  proposes  the  construction  of  three  spurs  from  the  right 
bank  and  one  from  the  left  bank,  with  a  \iew  to  contracting  the  natural 
water-way.  It  is  proposed  to  expend  during  this  season  the  amount 
now  available  in  commencing  work  under  the  project  indicated. 


ABSTRACT  OF   APPROPRIATION. 

By  act  approved  June  14,  1880 „ 


$10,000  00 


Money  statement 


Amonnt  appropriated  by  act  approved  June  14, 1880 $10, 000  00 

July  1,  1H80,  amount  avaUable 10,000  00 

Amount  (estimated)  required  for  completion  of  existing  project 20, 945  75 

Amount  that  can  be  profitably  expended  in  fiscal  year  ending  June  30, 1882.    20, 945  75 


S   12. 


IMPROVEMENT  OF  NAVIGATION  OF  THE  MISSISSIPPI  RIVER  AT  QUINCY, 

ILLINOIS. 

The  act  of  Congress  approved  June  18,  1878,  provided  for  a  survey 
or  examination  of  the  harbor  of  Quincy. 

A  report  on  the  survey  with  estimates  of  cost  of  improvement*  was 
submitted  by  Maj.  F.  U.  Farquhar,  Corps  of  Engineers,  under  date  of 
January  13,  1879. 

An  appropriation  of  $20,000  for  improving  navigation  of  Mississippi 
River  at  Quincy,  111.,  was  made  by  act  of  Congress  approved  March  3, 
1879,  and  a  project  for  the  expenditure,  of  this  money  was  submitted 
April  8,  1870.  Thisi)roject  was  the  same  as  in  that  portion  of  the  report 
of  January  13,  1879,  which  referred  to  improvements  in  the  Mississippi 
River  proper,  and  consisted  in  the  construction  of  certain  wing  and 
closing  dams  for  the  removal  of  Quincy  Bar. 

Proposals  for  this  work  were  asked  for  by  advertisement  in  several 
papers,  and  coming  in  this  way  to  the  knowledge  of  the  citizens  of 
Quincy,  the  mayor  of  that  city  addressed  a  letter  to  the  Secretary  of 
War  reqiiesting  that  if  jiossible  a  portion  of  the  appropriation  might  be 
expended  for  the  improvement  of  Quincy  Bay.    This  letter  was  referred 
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may  still  be  required  in  the  river  for  securing  the  permanency  of  the 
channel.  In  this  case  as  in  many  others  it  is  impossible  to  make  other 
than  an  approximate  project  and  estimate  for  improvements  to  be  made 
in  the  future  or  after  a  year  or  more  has  elapsed,  inasmuch  as  the  fre- 
quent changes  which  take  place  in  the  river  channels  may  necessitate 
a  ra^lical  change  of  plan,  and  perhaps  an  increase  of  cost  of  the  work. 
If  the  project  for  improving  Qiiincy  Bay  is  to  be  carried  out,  the  sum  of 
$50,000  can  be  profitably  expended  on  this  work  during  the  fiscal  year 
ending  June  30,  1882. 

Summary  of  work- for  fiscal  year  ending  June  30,  1880. 


Deaoription. 


Dam  No.  1  (sheet  68),  1,500  linear  feet 
Dam  No.  2  (sheet  68),300  linear  feet 
Dredging  in  Quinoy  Bay 


Totals 

Sngineering  and  contingencies 

Total  amount  expended 


'3 

O 

4 


9,47L7« 
1,29a  51 
7,53L97 

18,802.34 
1,445.04 

19, 747. 28 


ABSTRACT  OF  APPROPRIATIONS. 

By  act  approved  March  3,  1879 $20,000 

By  act  approved  Jiine  14, 1880 25,000 

Total 45,000 

Money  statement 

July  1, 1879,  amount  available. 120,000  00 

Amount  appropriated  by  act  approved  June  14,  1880 25, 000  00 

July  1,  1880,  amonnt  expended  during  fiscal  year 19, 622  28 

July  1,  1880,  outstanding  liabilities 125  00 


$45,000  00 


19,^47  28 
July  1,  1880,  amount  available 25,252  72 


Amount 
Amount 


(estimated)  required  for  completion  of  existing  project 179, 109  87 

that  can  be  jirolitably  expended  in  fiscal  year  ending  June  30,  1882.     50, 000  00 


Abstract  of  proposaU  received  and  opened  this  ^27 th  day  of  Augusij  1879,  hy  Capt.  A.  Mao- 
kemie,  Corps  of  Engineers^  U.  S.  J.,  for  building  dams  and  shore  protections  of  brush 
and  stone f  near  Quincyj  III. 


£ 
§ 


1 

2 
8 

4 
6 
6 


Names  and  residences  of  bidders. 


9,000  cubic  yards 
stone. 


8,000  cabic  yards 
brush. 


Per  cubic  |  a, „„„„*.     Per  cubic     »«»«««♦ 
yard.        Amount        ^^^       .Amount. 


H.aBrown,  Hamilton,  111  

Frnin  Sc  Co.,  Saint  Louis,  Mo 

Whitney  &  Son,  Keokuk,  Iowa 

W.  B.  Lark  worthy,  Quincy,  HI  .... 

Samuel  S.  Sample,'  Keokuk,  Iowa 

Fred.  W.   Menke   and  J.  H.  BiUer, 
Qnincy,  UL 


$1  30 

$11.  700 

1  60 

14.400 

1  15 

10,  350 

1  18 

10,620 

1  00 

0,810 

1  19 

10,  710 

|0  90 
80 
64 
64 
82 
69 


$7,200 
6,400 
6,120 
5,120 
6,560 
5,520 


Aggregate. 


$18,900 
20,800 
15, 470 
15,740 
16,  370 
16,230 


1546  REPORT  OF  THE  CHIEF  OF  ENGINEERS,  U.  S.  ARMY. 

S  13. 

IMPROVEMENT  OF  THE  MISSISSIPPI  RIVER  AT  HANNIBAL,  MISSOURL 

Under  instructions  from  the  office  of  the  Chief  of  Engineers,  a  report 
was  made  January  17,  1880,  chiefly  from  data  in  this  office,  upon  ob- 
structions in  the  Mississippi  River  in  the  vicinity  of  Hannibal,  Mo. 
This  report,  which  was  intended  simply  as  a  preliminary  one,  not  having 
been  preceded  by  an  adequate  survey,  contains  a  project  for  the  im- 
provement of  the  river  at  Hannibal. 

Said  project  proposes :  1.  The  removal  of  a  large  gravel  bar  lying 
along  the  front  of  the  city.  2.  The  confining  of  the  main  channel  and 
principal  current  to  the  Missouri  shore,  to  be  effected  by  wing-dams 
thrown  out  from  the  Illinois  shore ;  the  closing  of  Glasscox  Island  Chute, 
and  protection  of  a  portion  of  the  west  side  of  that  island. 

It  is  proposed  to  defer  the  expenditure  of  the  amount  now  avallabie 
until  a  thorough  low-water  survey  shall  enable  us  to  make  more  definite 
plans  and  estimates. 

ABSTRACT  OF   APPROPRIAHONB. 

For  iraproying  Mississippi  River  at  HaiuiibAl,  >Io.,  by  act  approved  June  14, 

1880 $^,m 

Money  statement. 

Amonnt  appropriated  by  act  approved  June  14,  1880 1^,0000 

July  1,  1880,  amount  available   25, 000  » 

Amount  (estimated)  required  for  completion  of  existing  project 35, 000  60 

Amount  that  can  be  profitably  expended  in  fiscal  year  ending  June  30, 1882 .     35, 000  M 


speoiajl  report. 

United  States  Engineer  Office, 

Bock  Island,  III.,  January  17,  1880. 

General  :  As  instructed,  as  per  indorsement  from  ofi&ce  of  the  Chief 
of  Engineers,  dated  January  13,  1880,  on  letter  written  by  the  Hon.  W. 
H.  Hatich  to  the  honorable  the  Secretary  of  War,  I  have  the  honor  to  re- 
port as  follows : 

During  November,  1879,  by  direction  of  the  Chief  of  Engineers, « 
dredge  was  sent  to  Hannibal  and  a  little  work  for  the  temporary  relirf 
of  the  steamboat  landing  done. 

While  this  work  was  going  on  some  soundings  were  taken  in  the  vi- 
cinity, and  the  results  are  shown  on  the  accompanying  tracing. 

A  large  gravel  bar,  about  one-half  mile  in  length,  lies  along  the  Mis- 
souri shore  above  the  Hannibal  landing,  and  causes  a  continual  deiKjeit 
in  front  of  the  city  wharf.    This  bar  should  be  removed. 

To  confine  the  current  to  the  Missouri  shore  and  hold  the  sand-bare 
opposite  Hannibal,  dams  should  be  thrown  out  from  the  Illinois  shore. 

The  shoaling  caused  by  these  dams  will  probably  destroy  the  yresent 
ferry  landing,  and  therefore  one  of  the  dams  should  be  built  in  the  form 
of  a  causeway,  furnishing  a  new  landing  in  deep  water. 

The  first  work  to  be  done  would  be  the  removal  of  the  gravel  bar,  the 
construction  of  causeway  or  dam  No.  2,  the  construction  of  a  low  dam 
from  the  Illinois  shore  to  Glasscox  Island,  and  1,00<)  feet  of  shore  pro- 
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tection  on  the  west  side  of  the  island,  as  shown  on  the  accompanying^ 
tracing. 

Should  these  dams  fail  to  confine  the  channel  to  the  Missouri  shore, 
dams  Nos.  1  and  3  could  be  subsequently  built. 

The  material  removed  from  the  bar  can  be  used  in  the  construction  of 
dams. 

ESTIMATES, 

For  removal  of  bar,  60,000  cubic  yardH  of  gravel  and  clay,  at  50  cents  per 

cubic  yard $30,000 

For  dam  No.  2,  about  1,000  feet  long  and  12  feet  high,  containing  10,000  cubic 

yawls,  at  |1.25  per  cubic  yanl 12, 500 

For  closing  dam  No.  4,  behind  GlasHCox  Island,  containing  6,000  cubic  yards, 
at  $1.25  per  cubic  yard 7, 500 

For  1,000  feet  shore  protection,  at  $2.50 2,500 

Total i 40,000 

This  work  could  be  done  in  one  season  if  (Commenced  at  an  early  date. 

Should  the  above  work  prove  insuflficient  and  d^ms  Nos.  1  and  3  be 

subsequently  found  necessary,  they  would  cost  approximately  as  follows : 

Dam  No.  1 $5,000 

Dam  No.  3 15,000 

Total 20,000 

The  price  estimated  for  dredging  is  very  large  and  undoubtwUy  it  can 
be  done  for  much  less,  but  the  uncertainty  as  to  hardness  and  the  smaM 
number  of  dredges  at  present  available  for  such  work  render  it  unsafe 
to  reduce  the  estimate. 

Very  respectfully,  your  obedient  servant. 

A.  Mackenzie, 

Captain  of  Engineers. 

The  Chief  of  Engineers,  U.  S.  A. 


S  14. 

protecting  piers  at  rock  island  bridge  by  means  of  sheer- 
booms. 

The  sheer-boom  built  and  placed  in  position  in  May,  1878,  for  the  pro- 
tection and  guidance  of  rafts  passing  the  Bock  Island  Bridge  was  of  but 
little  service  during  the  low-water  season  of  1879.  At  low- water  stages^ 
owing  to  the  narrow  channels  in  the  upper  river  and  on  the  rapids,  rafts 
are  made  of  smaller  size  than  at  high  stages,  seldom  exceeding  8  or  9 
strings  in  width,  which,  with  the  tow-boat  attached,  readily  pass  throngh 
the  outer  draw  opening,  there  being  no  necessity  for  using  either  raft- 
span  or  sheer-boom.  At  the  close  of  season  of  1879  the  booms  were 
towed  into  winter  quarters  in  Sylvan  Wat^r. 

On  account  of  the  small  balance  of  appropriation  remaining,  the 
booms  were  not  put  in  position  at  the  opening  of  navigation  of  1880. 

On  March  26,  1880,  they  were  turned  over  to  Maj.  D.  W.  Flagler, 
Ordnance  Department,  commanding  Eock  Island  Arsenal. 

The  absence  of  the  main  boom  during  the  high-water  of  this  spring 
developed  its  usefulness  at  such  periods,  as  a  number  of  raft«  were 
dashed  to  pieces  on  the  bridge  piers,  which  might  have  been  avoided 
had  the  boom  been  in  position.    In  the  early  part  of  May  the  sheer- 
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boom  was,  at  my  request,  kindly  put  in  place  by  Major  Flagler,  and  \m 
since  that  time  been  cared  for  by  him.  As  the  appropriation  made  by 
act  approved  June  14,  1880,  of  $1,000,  and  calling  for  an  equal  sum  from 
the  Chicago,  Eock  Island  and  Pacific  Kailroad  Company,  provides  for 
the  care  of  the  sheer-booms,  I  would  respectfully  suggest  that  they  be 
again  placed  in  charge  of  the  Engineer  Department. 

ABSTRACT  OF  APPROPRIATIONS. 

By  act  approved  August  14,  1876 $15,000 

By  act  approved  June  14,  1B«0 1,008 

Total 16,001 

Money  statement 

July  1,  1879,  amount  available.. $723  74 

Amount  appropriated  by  act  approved  June  14, 1880 1, 000  00 

$1,723  74 

July  1,  1880,  amount  expended  during  fiscal  year 407  75 

July  1,  1880,  amount  available - 1,315  85 

Amount  that  can  be  profitably  expended  in  fiscal  year  ending  June  30, 1882.     1, 000  01 


S  15. 

IMPROVEMENT  OF  GALENA  RIVER  AND  HARBOR,  ILLINOIS. 

A  report  on  a  survey  of  Galena  River,  submitted  by  Maj.  F.  U. 
Farquhar,  Corps  of  Engineers,  Decembtsr  29,  1873  (Report  Chief  d 
Engineers  1874,  Part  I,  page  289),  suggests  a  plan  of  improvement,  the 
cost  of  which  is  estimated  at  $400,000.  Dredging  was  commenced 
September  16,  1878,  in  accordance  with  the  proposed  plan,  and  has  been 
<M)ntinued  during  the  past  fiscal  year  under  two  contracts:  1.  An  exten- 
sion granted  H.  S,  Brown  &  Co.,  who  completed  their  work  August  I, 
1879;  and,  2.  A  contract  with  Whitney  &  Son,  who  commenced  work 
April  11, 1880. 

For  the  purpose  of  furnishing  relief  to  the  commerce  of  this  river  « 
soon  as  possible,  a  narrow  cut  affording  4J  feet  at  low- water  is  first  being 
made  over  the  entire  length.  At  present  date  this  cut,  which  commenced 
at  the  mouth,  is  within  7,900  feet  of  Galena,  and  it  can  be  completed 
with  the  money  now  available.  As  new  appropriations  permit  a  con- 
tinuation of  the  work,  this  cut  will  be  widened. 

An  excellent  survey  of  the  river  from  Galena  to  its  junction  with  the 
Mississippi  was  made  by  Inspector  J.  C.  McElherne,  in  August,  1879. 

Results  accomplished  to  June  30, 1880:  A  channel  6J  miles  long,  35 
to  100  feet  wide,  and  affording  a  least  depth  of  4  feet  at  low- water,  has 
been  cut  from  the  mouth  of  the  river  to  a  point  1^  miles  from  the  city  of 
Galena.    Total  excavation,  174,696  cubic  yards  mud  and  sand. 

SUMMARY   FOR  FISCAL  YEAR  ENDING  JUNK  30,  1880. 

72,902.40  cubic  yards  material  excavated %Vi,  067  17 

Superintendence,  office  expenses,  &c 1,270  8S 

Total  expended 14,338  li 

The  $12,000  appropriated  for  fiscal  year  ending  June  30, 1881,  will  be 
expended  in  continuing  dredging. 
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COMMERCIAL  STATISTICS. 


Shipments  for  one  month  of  1879 : 

Hog  prodnot 

Lead 


pounds. 
. . . do . . . 


Grain bushels 

Hides pounds , 

Zinc  ore do . . . 

Lumber    feet. 

General  merchandise pounds. 


2,278,000 
460,000 
370,000 
45,000 
74,400 
518, 145 
220,000 


ABSTRACT  OF   APPROPRIATIONS. 


By  act  approved  June  18.  1878 $30,000 

By  act  approved  March  3,  1879 12,000 

By  act  approved  June  14,  1880 12,000 


Money  statement. 

July  1,  1879,  amount  available |17,981  07 

Amount  appropriated  by  act  approved  June  14,  1880 12, 000  00 


54,000 


July  1,  1880,  amount  expended  during  fiscal  year. 
July  1, 1880,  outstanding  liabilities 


13, 351  23 
986  89 


129,981  07 


14,338  12 


July  1,  1880,  amount  available 15,642  95 


Amount  (estimated)  required  for  completion  of  existing  project 346, 000  00 

Amount  that  can  be  profitably  expended  in  fiscal  year  endmg  June  30, 1882.      50, 000  00 


Abstract  of  pr&pomh  received  and  opened  August  27,  1879,  by  Capt.  A,  Mackenzie^  Corps  of 

Engineer H J  U.  S.  Armyy  for  dredging  in  the  Galena  River, 
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IMPROVEMENT  OF  CUIVRE  RIVER. 


The  act  of  Congress  approved  March  3, 1879,  provided  for  a  survey 
or  examination  and  estimates  of  cost  of  improvement  of  Cuivre  Riveir, 
Missouri. 

This  survey  was  assigned  to  me,  and  $600  allotted  for  the  work.  The 
survey  was  made  in  the  fall  of  1879,  and  a  report  submitted  January 
10,  1880,  which  is  printed  in  Senate  Ex.  Doc.  No.  36,  Forty-sixth  Con- 
gress, second  session. 

The  project  contained  in  the  above  report  proposed : 

1  The  excavation,  by  dredging,  of  a  channel  80  feet  wide  through  the 
four  shoals  in  the  Cuivre  River. 
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2.  The  excavation,  by  dredging,  of  a  channel  100  feet  wide  throagh 
the  three  sandrbars  in  the  apper  part  of  Cuivre  Sloagh. 

3.  The  constmotioii  of  a  dam  with  its  crest  6  feet  above  low-water 
acrpss  the  lower  part  of  (>iuvre  Slough,  for  the  purpose  of  backing  up, 
and  thereby  increasing  the  depcfe  in  Uie  upper  part  of  the  sloagh. 

4.  The  removal  of  snags,  wrecks,  and  overhanging  timber. 

The  above  project  was  made  with  reftvttifia  to  a  2  feet  minimum 
depth  on  the  bars  at  extreme  low-water. 

It  is  proposed  to  apply  the  amount  now  available,  or  as  much  of  it  as 
may  be  necessary,  to  the  removal  of  snags,  wrecks,  and  ovorhangiog 
timber  during  the  present  season. 

ABSTRACT  OF  APPROPRIATION. 

Byactapprove<lJunel4,  1880 $i,m 

Money  statement. 


Amount  appropriated  by  act  approved  June  14,  InSO «..  $^00000 

July  1, 1880;  amount  available 2,000 

Amount  (estimated)  required  for  completion  of  existing  project 28,  OOO 

Amount  that  can  be  profitably  expended  in  fiscal  year  ending  June  30, 1882 .  28, 000 


09 
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examination  and  survey  of  cuivre  river,  missouri. 

United  States  Engineer  Office, 

Rock  Island,  111,  December  29,  1879. 

General  :  I  have  the  honor  to  submit  herewith  map  of  Cuivre  RiTer, 
Missouri,  together  with  a  report  upon  the  survey  and  examination  of 
this  stream,  made  in  accordance  with  your  instructions  dated  July  35, 
1879. 

A  preliminary  examination  of  the  river  showed  that  a  point  knovn 
as  '^  Chain  of  Bocks,"  14^  miles  from  the  mouth  of  Cuivre  RLvec,  migkt 
be  properly  considered  as  the  head  of  navigatioii* 

From  this  point  to  the  mouth  a  good  depth  of  water  was  found  in  the 
stream,  excepting  at  four  pointy,  where  gravel  oars  formed  obstructions 
to  navigatioD  during  ordinary  stages. 

Cuts  through  these  gravel  bars  80  feet  wide,  and  averaging  2  fe^ 
de^p,  and  the  removal  of  snags  will  render  the  river  navigable  for  boats 
drawing  4  feet  at  ordinary  stages  of  low- water. 

From  the  character  of  the  stream,  its  banks  and  bed,  and  the  absence 
of  all  current  except  in  times  of  freshets,  it  can  be  assumed  that  the  im- 
provement of  the  river  proper  would  be  reasonably  permanent. 

The  river  empties  into  Cuivre  Slough,  which  connects  it  with  the  main 
channel  of  the  Mississippi  River. 

This  slough  being  filled  with  moving  sand,  and  fresh  supplies  of  sand 
above  being  ready  to  move  in  during  high  water,  its  improvement  pre- 
sents difficulties,  and  permanency  cannot  be  insured. 

The  plan  of  improvement  proposed  is  by  a  dam  at  the  lower  end  of 
the  slough,  to  raise  the  water  at  the  mouth  of  the  river  about  1  foot,  and 
by  doing  away  with  current  through  slough  at  ordinary  stages  of  the 
river,  to  enable  a  dredge  to  cut  a  channel  through  the  thin  bars  in  up- 
per branch  of  slough,  which  channel  will  probably  be  permanent  until 
the  next  high-water  following  the  improvement. 

To  insure  a  permanent  channel  a  little  dredging  must  be  provided  for 
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yearly.     The  approximate  cost  of  the  improvement  of  the  river  and 
slough  so  as  to  give  4  feet  of  water  at  a  2-foot  stage  is  $30,000. 

A  very  rich  country  is  tributary  to  the  river,  and  undoubtedly  much 
good  would  result  from  its  improvement ;  but,  a«  no  reliable  statistics 
could  be  obtained,  it  is  impossible  to  give  more  than  an  approximate 
comparison  of  results,  with  the  cost. 

The  detailed  report  of  Assistant  Engineer  C.  W.  Durham  is  appended. 
Very  respectfully,  your  obedient  servant, 

A.  Mackenzie, 


The  Chief  of  Engineers,  U.  S.  A. 


Captain  of  Engineers. 


rkport  of  mr.  c.  w.  durham,  assistant  engineer. 

United  States  Enoinxkb  Office, 

Uock  Ultmd,  III,  December  24,  1879. 

Captain  :  I  havo  the  bunor  to  preseDt  the  foUowing  report  aud  accompanying  map 
of  a  survey  of  the  Cuivr©  River,  Missouri,  made,  under  your  direction,  by  Assistant  J. 
H.  Morrison,  November,  1879.  The  report  includes  a  plan  and  estimate  for  the  im- 
provement  of  the  river  from  Chain  of  Rocks  to  its  mouth,  a  distance  of  14|  miles,  and 
also  for  the  improvement  of  the  slough  into  which  it  debouches,  in  order  to  make  a 
navigable  outlet  to  the  main  channel  of  the  Mississippi  River.  I  have  made  use  of 
much  information  contained  in  the  excellent  report  of  Mr.  A.  H.  Blaisdell,  assistant 
engineer,  on  a  survey  of  this  river  made  by  him  under  direction  of  Lieut.  Col.  W.  F. 
Reynolds,  Corps  of  Engineers,  August,  1871,  which  report  may  be  found  in  the  Report 
of  the  Chief  of  Engineers  for  1872,  page  '391, 

description. 

The  Cuivre  River  is  formed  by  the  junction  of  the  North  and  West  Forks,  the  for- 
mer rising  in  Ralls  and  the  latter  in  Audrain  County.  Both  forks  are  augmented 
l>y  numerous  small  streams,  which  scarcely  deserve  the  name  of  creeks  in  the 
dify  season,  but  in  times  of  continued  rain,  flowing  as  they  do  from  the  high  blufe, 
they  become  turbulent  in  their  character,  and  bring  considerable  sediment  into  the 
stream  to  which  they  are  tributary.  The  general  trend  of  the  river  is  easterly,  through 
Lincoln  and  Saint  Charles  Counties,  pursuing,  however,  a  very  tortuous  and  winding 
course,  with  many  sharp  bends  and  elbows.  The  total  drainage  area  is  about  1,6(W 
square  miles. 

MOSCOW  MILLS  TO  CHAIN  OF  ROCKS. 

The  upper  portion  of  the  river  from  Moscow  Mills  to  Chain  of  Rocks  is  full  of  shoals  and 
narrow  passages  or  island  chutes,  with  insufficient  water  at  low  stages  to  float  a  skiff. 
Great  numbers  of  snags  and  drift  piles  also  add  to  the  difficulties  of  navigation,  in 
view  of  which  facts  it  was  considered  inadvisable  to  make  plans  and  estimates  for  the 
improvement  of  this  part  of  the  river,  as  the  business  is  not  commensurate  with  the 
enormous  cost  which  would  result  if  any  eftectual  improvement  were  attempted. 

CHAIN   OF    ROCKS   TO   MOUTH   OF    RIVER. 

The  lower  portion  of  the  river  from  Chain  of  Rocks  to  its  mouth  is  included  within 
the  scojie  of  this  survey,  and  for  the  improvenieut  of  this  portion  plans  and  estimates 
are  submitted.  It  rej*embles  in  character  the  bayous  of  the  Lower  Mississippi  and 
other  Southern  rvers,  there  being  no  perceptible  cniTcnt  except  in  times  of  freshets, 
its  rise  and  fall  corresponding  with  the  fluctuations  of  water-surface  in  the  larger 
river.     It  varies  in  width  from  300  feet  at  mouth  to  ir>0  feet  at  Chain  of  Rocks. 

A  little  below  Chain  of  Rocks  there  is  an  excellent  landing  with  ample  depth  of 
water.  Passing  down  the  river,  we  find  a  good  channel  of  from  4  to  9  fetit  at  extreme 
low- water  for  about  1,000  feet,  when  Seed  Tick  Island  Bar  is  reached. 

Seed  Tick  Island  Bar, — A  reach  of  shallow  water  about  2,000  feet  in  length.  A  portion 
of  this  bar  is  dry  at  low-water,  and  the  average  depth  is  only  a  few  inches.  It  forms 
the  worst  obstruction  in  that  part  of  the  river  under  consideration.  From  here  to 
Flood^s  Bar,  n^ut  half  mile  below  Monroe,  a  distance  of  some  four  and  a  half  miles, 
we  find  frcHB  4^  to  18  feet  of  water. 

Flooifw  Bar, — About  850  feet  in  length,  with  an  average  depth  at  low-water  of  about 
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I  foot.    From  here  to  Sbeltou  Bar,  a  distance  of  nearly  two  miles,  we  have  from  4  to 
12  feet  in  the  channel. 

Shelton  Bar, — A  very  shallow  reach  about  850  feet  in  length,  situated  in  a  bendof  tlie 
liver,  and  of  an  average  depth  of  about  6  inches  at  low-water,  a  great  part  of  it  bein^ 
dry  at  that  stage. 

MoiTi8on^8  Bar, — About  300  feet  below  Shelton  Bar;  550  feet  in  length,  andof  sn 
average  depth  at  low-water  of  about  ^  inches. 

From  Morrison's  Bar. to  the  mouth  of  the  river,  a  distance  of  aboat  eight  miles,  there 
is  a  good  channel  of  from  4^  to  8  feet. 

The  bars  above  mentioned  are  composed  of  sand  and  gravel,  material  probably  eanlj 
taken  up  by  dredge. 

CUIVRK  SLOUGH. 

The  Cuivre  River  empties  into  the  Mississippi  River  throngh  Cuivre  Slough,  in- 
cluded between  Cuivre  Island  (No.  504)  and  the  Missouri  shore.  In  the  slough  soinf 
aau^  from  the  mouth  of  the  river  the  water  is  very  shoal,  and  hardly  sosceptible  <n 
effectual  improvement  without  great  expense.  Going  north  we  find  much  better  deptli, 
there  b«^ing,  however,  three  shallow  sand-bars,  which  may  be  removed  by  dredge  it 
inconsiderable  cost.    These  are — 

Cuivre  Slough  Bar  No,  1.  Near  head  of  Cuivre  Island,  700  feet  long,  and  of  an  avo^ 
age  depth  at  low-water  of  about  1  foot. 

Cuitfre  Slough  Bar  No,  2,  About  900  feet  long ;  average  depth,  1  foot. 

Cuivre  Slough  Bar  No,  3.  Near  mouth  of  Cuivre  River;  850  feet  long;  average  depl^ 
about  9  inches. 

With  the  exception  of  these  bars,  there  is  a  good  passage  to  the  channel  of  the  Mis- 
sissippi River. 

SNAGS. 

There  are  a  lar^e  number  of  snags  in  th&  channel  between  Chain  of  Rocks  sod 
the  mouth  of  the  nver,  and  several  in  the  upper  pari'  of  Cuivre  Slough.  There  issbo 
considerable  overhanging  timber  and  a  sunken  barge  a  short  distance  below  Monroe. 

BRIDGES.  • 

There  is  a  skew  draw-bridge  of  the  Saint  Louis  and  Keokuk  Railroad  near  Monroe, 
with  openings  of  60  feet.  There  being  no  current  in  the  river,  the  passage  of  the  brid|e 
can  be  safely  made  except  in  a  high  wind. 

STATISTICS. 

The  country  tributary  to  the  river  is  thickly  settled  and  in  a  high  state  of  cultiTi- 
tion,  the  products  being  wheat,  corn,  hay,  tobacco,  and  fruit.  Large  numbers  of 
cattle  and  hogs  are  annually  sent  to  market.  TheroJs  a  large  business  done  in  timber 
and  cord- wood,  cut  on  the  bottom-lands  adjacent  to  the  river. 

Coal  and  iron  abound  in  Lincoln  County.  The  principal  shipping  point  is  CluiD 
of  Rocks,  a  village  of  about  one  hundred  inhabitants.  At  Monroe  considerable  trafiSe 
is  carried  on.  It  was  impossible  to  obtain  accurHte  statistics  of  the  amount  of  ship- 
ments, no  systematic  record  being  kept  by  shippers. 

PROJECT. 

For  the  improvement  of  Cuivre  River  and  Cuivre  Slough,  a  minimum  depth  on  the 
shoals  of  2  feet  at  extreme  low-water  is  assumed  as  the  object  d&sired.  This  will 
afford  from  4  to  5  feet  during  the  greater  part  of  the  navigable  season  of  the  Upper  Mis- 
sissippi, or  for  about  six  months  in  the  year,  and  is  amply  snthcient,  being  in  hct 
nearly  as  much  water  as  there  is  in  the  larger  stream  at  a  corresponding  stage.  Any 
increase  of  this  minimum  depth  would  greatly  augment  the  cost  of  the  proposed 
improvement,  as  may  be  seen  by  reference  to  the  '2-foot  curves  drawn  on  the  map. 

I  would,  then,  respectfully  propose — 

Ist.  The  excavation  by  dredging  of  a  channel  80  feet  wide,  and  of  a  minimum  depth 
of  2  feet  at  low-waiter,  through  the  4  shoals  in  the  Cuivre  River.  As  there  is  no  per- 
ceptible current  aud  but  very  litMo  sediment  in  this  part  of  the  river,  and  the  material 
of  the  bottom  and  shores  being  generally  of  a  comparatively  stable  nature,  it  is  believed 
that  no  addditional  work  would  be  necessary  for  many  years.  A  comparison  '>f  the  map 
of  this  survey  with  the  report  on  the  survey  of  1871  shows  but  a  trifling  ealargement 
of  the  bars  during  the  intervening  period. 

*2d.  The  excavation  by  dredpng  of  a  channel  100  feet  in  width  and  of  a  minimum 
depth  of  2  feet  at  low- water  through  the  three  sand-bars,  in  the  upper  part  of  Cuivre 
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Slouch.  Ad  additional  width  of  20  feet  is  given,  as  the  material  is  less  stable,  and  the 
cat  18  more  liable  to  be  filled  with  shifting  sand.  It  is  believed,  however,  that  the 
work  will  be  reasonably  permanent,  and  that  a  few  days'  dredging  each  year  will  suf- 
fice to  keep  the  passage  open. 

3d.  The  construction  of  a  dam  across  the  lower  part  of  Cuivre  Slough,  2,600  feet 
from  the  foot  of  Cuivre  Island.  The  dam  will  be  about  450  feet  long,  constructed  of 
brash  and  rock,  with  its  crest  6  feet  above  low-water  mark.  With  the  necessary 
shore  protections  it  will  contain  about  3,000  cubic  yards  of  material,  and,  estimatiue 
for  this  quantity  placed  in  position  at  $1.50  per  cubic  yard,  will  cost  about  $4,500. 
This  dam  will  be  of  much  benefit  during  the  low  stages  by  backing  up  the  water  in 
the  slough  and  river,  and  by  checking  the  current  wiU  prevent  in  ^at  measure  the 
filling  up  of  the  upper  portion  of  the  slough  bv  sand  from  the  Mississippi. 

4th.  The  removal  of  snags,  wrecks,  and  overnangiug  timber.  The  estimate  for  this 
work  is  $1,000. 

The  location  of  all  the  proposed  work  is  shown  on  the  map. 

Dredging  eatimate. 
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Kame. 


Cuirre  Slough  Bar  Ko.  1 
Cuirre  Slough  Bar  No.  2 
CuiTFe  Slough  Bar  No.  3 

Morriaon's  Bar 

SheltonBar 

Flood's  Bar 

Seed  Tick  Island  Bar  ... 


Total 


1^1 


Milet. 

as 

1.6 
1.8 
10.0 
10.2 
12.0 
16.5 


1^ 


Feet 

700 
900 
850 
550 
850 
850 
2,000 


If 

•^  O 


Fett. 
1.5 
1.5 
2.0 
1.5 
2.5 
LO 
3.0 


c  m 
D  ^^ 


3.888 
5,000 
6,296 
2,444 
6,296 
2,518 
17,778 


44,220 


Cost. 


$1,W4 
2,500 
3,148 
1,222 
3,148 
1,250 
8,889 


22,110 


SUMMARY. 


Dredging  and  removal  of  44,220  cubic  yards  sand  and  gravel,  at  50  cents $22, 110 

Dam  across  Cuivre  Slough 4,500 

Bemoval  of  snags,  wrecSa,  &c 1,000 

Engineering  contingencies,  &c 2,390 

Total  estimate 30,000 

These  figures  provide  for  the  improvement  of  the  upper  part  of  Cuivre  Slough  and 
of  Cuivre  Kiver  to  Chain  of  Rocks,  a  distance  of  16^  miles. 
Very  respectfully,  your  most  obedient  servant, 

C.  W.  Durham, 
Assiatant  Engineer, 
Capt.  A.  Mackenzie, 

Corps  of  Engineers  J  U,  S.  A, 

98  E 
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IMPROVEMENT  OF  THE  DES  MOINES  RAPIDS  OF  THE  MISSISSIPPI  RIVER 

AND  OPERATING  THE  CANAL. 


REPORT  OF  CAPTAIN  AMOS  STICKXEY,  CORPS  OF  ENGINEERS,  BVT, 
MAJOR  U.  8.  A,,  OFFICER  IN  CHARGE,  FOR  THE  FISCAL  YEAR  ENDING 
JUNE  30,  1880. 

United  States  Engineer  Office, 

Keokukj  lowa^  July  23,  1880. 

General  :  I  have  the  honor  to  transmit  herewith  my  annual  report 
of  the  work  on  the  improvement  of  the  Des  Moines  Rapids  of  the  Mis- 
sissippi River  and  for  operating  and  maintaining  the  canal  under  my 
charge  during  the  fiscal  year  ending  June  30,  1880. 
Very  respectfully,  your  obedient  servant, 

Amos  Stickney, 

Captain  of  Engineei's, 
The  Chief  of  Engineers,  U.  S.  A. 


IMPROVEMENT  OF  DES  MOINES  RAPIDS,  MISSISSIPPI  RIVER,  AND  OPER- 
ATING THE  CANAL. 

The  work  has  consisted  principally  of  removal  of  rock  from  riv^er  chan- 
nely  between  Nashville  and  Montrose,  by  means  of  a  stream-drilling 
scow  and  dredge ;  grading  and  inclosing  lock  grounds ;  laying  riprap- 
face  wall ;  ox>erating  the  canal  for  navigation,  including  dredging  and 
repairs. 

All  work  on  this  improvement  during  the  past  year  has  been  done  by 
hiring  the  labor  and  purchasing  material  in  open  market. 

CHANNEL  EXCAVATION. 

The  scow  which  was  fitted  up  with  Ingersoll  steam-drills,  for  use  in 
drilling  and  blasting  rock  in  river  channel  between  Montrose  and  Nash- 
ville, and  which  was  described  in  the  annual  report  for  the  fiscal  year 
ending  June  30, 1879,  has  been  in  operation  during  the  greater  portion 
of  the  past  year. 

Owing  to  the  delay  caused  by  the  non-arrival  of  a  shipment  of  dyna- 
mite the  drilling  scow  did  not  commence  work  until  the  latter  part  of 
August,  1879.  The  work  has  continued  except  during  a  portion  of  the 
winter,  when  the  river  was  frozen  over,  or  ice  running  so  thi<k  as  to 
prevent  the  handling  of  the  scow.  Some  very  useful  work  was  accom- 
plished during  a  portion  of  the  winter  on  patches  of  rock,  whoae  prox- 
imity to  the  channel  used  by  steamers  made  work,  except  during  a  ces- 
sation of  navigation,  very  slow  and  costly  if  not  impossible. 
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Work  with  this  drilling  scow  is  conducted  as  follows :  Iron  tripods, 
resting  on  the  bottom  of  the  river,  are  located  opposite  each  range  to 
be  worked  over,  parallel  to  the  channel-line  and  10  feet  distant  from  it; 
their  positions  being  determined  by  an  instrament  from  estabUshed 
stations  on  shore. 

The  drilling  scow  is  moved  in  positions  parallel  to  the  triiK)(l8,its 
length  being  up  and  down  stream,  the  distance  from  the  tripods  being 
determined  by  measurement  with  a  chain,  and  the  location  up  and  down 
stream  being  maintained  by  ranges  on  the  shore.  When  in  position 
for  work  the  spuds  are  set,  and  a  line  of  holes  SJ  inches  diameter  and 
4  feet  apart  (16  in  all  if  so  many  are  required  on  one  line)  are  drilled  to 
a  depth  of  18  inches  below  grade :  a  small  flat  boat  is  then  brought 
alongside  the  scow,  and  from  this  flat-boat  the  work  of  filling  the  holes 
with  charges  of  dynamite  is  carried  on. 

A  long  copper  tube  2|  inches  diameter,  with  a  slot  one  inch  wide 
extending  its  entire  length,  is  first  inserted  in  the  down-stream  hok. 
and  a  stream  of  water  from  a  steam  pump  is  carried  down  into  the 
hole  through  a  pipe  attached  to  a  hose ;  this  is  for  the  purpose  of  wash- 
ing out  the  sand  and  gravel  which  in  some  places  is  carried  along  the 
bed  of  the  river  in  large  quantities.  After  the  hole  is  clean,  the  (^na- 
mite,  made  up  into  cartridges  2^  inches  diameter  and  containing  ^  pound 
each,  is  passed  down  the  copper  tube,  the  wires  which  connect  with  the 
cap  contained  in  the  upper  cartridge  extending  out  through  the  slot; 
sand  is  then  poured  down  the  tube  to  weight  the  cartiidge  and  so  pre 
vent  its  being  lifted  out  by  the  current. 

The  number  of  cartridges  placed  in  each  hole  is  regulated  by  the 
depth  of  hole.  Under  20  inches,  one ;  between  20  and  30  inches,  two; 
from  30  to  36  inches,  three.  After  an  entire  line  of  holes  has  been  filled 
in  this  manner,  and  the  wires  connected  between  the  cartridges,  the  end 
w  ires  are  connected  with  heavier  insulated  wires  run  on  reels  on  the 
drilling  scow  to  facilitate  paying  out.  The  spuds  are  then  raised,  aad 
the  scow  is  swung  out  of  danger,  usually  from  30  to  50  feet  firom  the 
blast,  by  means  of  a  head-line^and  side-lines.  A  magneto-electric  blast- 
ing machine  is  connected  with  the  reels,  and  a  current  sent  through  the 
line  which  heats  the  platinum  wire  contained  in  the  exploders,  and  thns 
discharges  the  dynamite.  After  the  explosion  of  the  blast  the  scow  is 
moved  into  a  new  position,  4  feet  nearer  the  tripods  than  on  the  fonnff 
occasion,  and  the  process  of  drilling  and  blasting  repeated  as  before. 
By  this  method  there  is  the  advantage  of  working  back  from  a  face  cat- 
ting after  the  outside  line  of  holes  has  been  blast^. 

The  work  was  commenced  August  27,  on  a  long  reef  or  series  of  reefe 
on  the  east  side  of  channel,  nearly  opposite  Miller's  Run.  Owing  to  the 
peculiar  character  of  the  rock,  which  we  learned  only  by  experience,  and 
after  some  trouble  and  slight  delays  in  the  work,  the  depth  of  the  holes 
dnlled  was  found  insufficient  (the  original  depth  used  in  drilling  beiDf 
6  inches  below  grade).  Since  increasing  the  depth  to  18  inches  b^w 
grade  the  work  has  been  prosecuted  with  great  success. 

The  drilling  scow  was  moved  up  to  the  head  of  Montrose  coffer-dam 
February  24,  and  excavation  of  channel  at  that  point  commenced. 

This  work  is  in  continuation  of  the  channel  excavatjed  bv  eoffer-dam 
in  1875  and  1876. 

The  high- water  of  June  compelled  the  suspension  of  work  with  the 
drilling  scow,  and  the  scow,  flat-boats,  &c.,  were  moved  down  and  placed 
in  the  canal  for  safety  June  24. 

The  character  of  the  rock  operated  on  varies  greatly  in  different  locali- 
ties and  at  different  depths  in  the  same  locality.    It  consists  of  compact 
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limestone  with  cherty  bands  and  shales,  sometimes  alternating  in  layers 
and  sometimes  consisting  of  only  one  of  these. 

The  shale  contains  many  geode  formations,  with  Millerite  zinc-blende 
and  calcite  crystals,  the  whole  series  of  rock  forming  a  conglomerate 
which  is  calculated  to  resist  a  rapid  movement  of  the  steam-drills. 

Where  the  rock  was  firm  compact  limestone  the  best  execution  was 
done,  both  in  drilling  and  in  the  effect  of  the  blast ;  the  rock  seeming 
to  lift  up  from  the  seam  nearest  the  bottom  of  the  hole.  Where  the  rock 
consisted  largely  of  shale,  with  some  chert,  the  blast  was  expended  in 
creating  a  crater,  and  it  was  to  insure  keeping  the  highest  point  of  the 
sides  of  these  craters  below  grade  that  the  depth  of  18  inches  below 
grade  for  the  hole  was  adopted. 

The  steam-dredge  belonging  to  this  work  was  employed  removing 
from  the  channel  rock  which  had  been  chiseled  in  previous  years  and 
rock  which  had  been  blasted  by  the  steam-drilling  scow  during  the  past 
year.  This  rock  was  placed  in  piles  along  the  Iowa  side  of  channel,  50 
feet  distant  from  the  channel  line,  and  these  piles  serve  to  indicate  the 
position  of  channel. 

Daring  the  prosecution  of  the  work  of  dredging  the  dredge  was  sev- 
eral times  run  into  by  passing  steamers  and  slightly  injured,  but  no 
serious  damage  was  done.  Some  repairs  were  necessitated,  which  will 
be  alluded  to  elsewhere  in  this  report. 

A  table  herewith  appended  shows  the  amount  of  work  performed  in 
excavating  channel  by  steam  dredge  and  drilling  scow,  together  with 
statistics  of  interest  regarding  the  drilling  scow  specially. 

The  drilling  scow  having  been  at  work  most  of  the  time  since  April 
11  (the  date  when  dredge  ceased  work  in  channel  excavation  and  moved 
into  canal),  there  remains  a*quantity  of  blasted  rock  yet  to  be  dredged. 


Summary  of  work  done  by  drilling  scow. 
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*Tbe  number  of  yards  blasted  as  given  above  refers  to  rock  above  grade;  a  considerably  greiiter 
quantity  was  actually  blasted  in  order  to  make  sure  of  grade. 

SUMMARY  .OF  WORK  DONE  BY  DREDGE. 

Removed  chiseled  rock cabic  yards..       913.8 

Removed  blaste<l  rock  up  to  April  11,  1880 do 1,317 

/Total  qnautity  dredged 2,230.8 


Cost  per  cubic  yard  of  rock  blasted $3  08 

Cost  per  cabic  yard  of  rock  dredged  and  placed  in  piles 2  09 


Total  cost  per  cubic  yard 


5  17 


A  considerably  greater  quantity  than  above  given  was  actually  dredged, 
owing  to  the  blasting  being  below  grade  at  points,  and  to  the  accumu- 
lation of  sediment.  The  cost  per  yard  is  the  whole  cost  of  blasting  and 
dredging  divided  by  the  number  of  yards  of  material  above  grade. 
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REPAIRS  TO  DREDGE,   DRILLING  SCOW,  ETC. 

• 

During  the  winter  and  at  other  times  the  dredge  has  been  repaired  and 
improved.  The  old  auxiliary  engine  used  to  operate  the  spadfi  and 
capstans  having  become  worn  out  was  replaced  by  a  new  double-cylin- 
-  der  engine,  the  cranks  set  at  an  angle  of  90  degrees  with  each  oUier: 
the  valve  gear  consisting  of  forward  and  backing  eccentrics  on  each  side 
connected  with  a  common  reverse  lever,  so  that  the  engine  can  be  nm 
in  either  direction  without  trouble  from  standing  on  the  centers.  This 
"engine  has  given  perfect  satisfaction  ever  since  it  has  been  in  use.  Gen- 
eral repairs  have  been  made  to  the  machinery,  including  spad-gem*  and 
spuds.  The  dipper  used  on  rock  work  was  thoroughly  repaired  doriog 
the  winter,  and  new  steel  teeth  riveted  on.  The  deck  of  dredge  has 
been  repaired  by  the  insertion  of  some  new  plank  and  calking. 

On  June  27,  the  overturning  of  a  kettle  containing  boiling  tar,  whiA 
was  being  used  in  making  repairs,  caused  a  fire  in  the  after  cabin  of  the 
dredge,  and  but  for  prompt  action  on  the  part  of  the  crew,  and  the  as- 
sistance rendered  by  crew  of  H.  S.  Brown's  dredge,  must  have  resoltd 
in  the  total  destruction  of  the  hull  and  great  injury  to  the  machin^. 
The  ^re  was,  however,  confined  to  the  after  cabin,  and  finally  extio- 
guished.  The  sides,  roof,  and  all  partitions  were  so  injured  as  to  make 
it  necessary  to  replace  them.  A  part  of  the  cabin  furniture  was  en  tirelj 
<lestroyed.  None  of  the  framing  timbers  were  seriously  injured ;  and, 
as  the  fire  was  not  permitted  to  reach  the  machinery,  the  work  of  dredg 
ing  has  gone  on  without  interruption. 

Carpenters  are  now  employed  restoring  the  cabin,  according  to  the 
original  plan. 

8cow8,  &c, — The  dump-scows  and  tiat-boats  have  been  repaired  wheft 
necessary.  For  this  purpose  temporary  ways  have  been  established  ob 
ground  owned  by  the  government  just  above  the  guard  lock,  this  being 
the  nearest  available  point  to  the  scene  of  operations  of  both  dredge 
and  drilling  scow. 

Two  capstans  have  been  placed  on  the  dump-scows  to  facilitate  hand- 
ling them  in  the  river  current. 

The  drilling  scow  has  been  hauled  out  on  the  ways  and  thoroughly 

calked,  new  planking  being  inserted  where  required.    Two  capstans 

for  handling  the  scow  have  been  purchased  during  the  past  year,  and 

also  a  small  Cameron  steam-pump  for  use  in  supplying  water,  under 

*3iigh  pressure,  for  cleaning  the  drill-holes  of  sand  and  gravel. 

The  boiler  used  to  furnish  steam  to  the  Ingersoll  steam  drills  is  «i 
-old  one,  having  been,  in  use  on  this  work  since  August  20,  1873.  It  was 
originally  used  in  [)umping  out  coffer-dams,  and  has  become  worn  out  in 
some  parts  During  the  month  of  May  leaks  started  from  cracks  in  flu^ 
*^heet  and  sides  of  firebox,  and  although  temporary  repairs  were  made 
-at  the  time,  yet  it  was  found  necessary  to  have  thorough  repairs  made, 
including  a  new  flue-sheet  and  resetting  the  flues  and  a  new  chimney. 

While  it  was  at  the  boiler  shops,  k  manhole  was  cut  in  the  top,  and 
•supplied  with  cover  clamps,  &c.,  to  facilitate  the  cleaning  of  the  flues  and 
removal  of  scale. 

GRADING  AND  COMPLETING  LOCK  GROUNDS,  ETC. 

At  the  lower  lock  it  was  found  necessary  to  protect  the  slope  between 
the  wagon  road  and  the  sluice  with  sod,  as  the  angle  of  slope  was  too 
great  to  admit  of  grass  seed  taking  root,  the  wash  from  rains  being  con- 
siderable,    AccordmgV^  tVi\%  \)ottioii  of  the  lock  grounds  was  ooverwl 
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'with  sod.  Fourteen  thousand  eight  hundred  square  feet  in  all  were  laid 
carefnlly  and  rolled.  The  season  being  very  favorable  it  has  taken 
root  and  is  growing  well.  Several  trees  which  have  been  injured  by 
frost  have  b^n  removed  and  new  trees  substituted. 

At  the  middle  lock  a  bridge  has  been  constructed  over  the  sluice  ex- 
actly similar  in  size  and  design  to  the  one  at  the  lower  lock^  a  row  of 
shade  trees  has  been  plant^  along  the  road  leading  through  the  lock 
grounds,  and  grass-seed  planted  on  both  sides  of  the  road. 

At  the  guard  lock  a  force  of  carpenters,  laborers^  and  teams  have 
been  employed  constructing  a  fence  similar  in  design  to  the  middle 
and  lower  locks,  to  inclose  the  lock  grounds ;  in  grading  the  lock  grounds, 
and  constructing  permanent  roads  where  required ;  in  rebuilding  the  old 
temporary  shops,  and  making  such  changes  in  them  as  were  necessary  to 
adapt  them  to  present  purposes  for  storage  and  repair  work  These 
buildings  are  generally  similar  to  those  mentioned  in  a  previous  annual 
repjort  as  having  been  constnicted  at  the  lower  and  middle  locks. 
Painters  are  now  engaged  in  painting  all  exposed  wood- work  thoroughly 
in  two  coats. 

LAYING  EI  FRAP  FACE  WALL. 

A  force  of  laborers  was  set  at  work  August  1  building  up  the  riprap 
face  wall  on  the  inside  of  the  river  embankment  of  canal,  and  on  the 
approaches  to  -guard  lock,  and  a  small  quantity  of  wall  as  a  founda- 
tion for  a  wall  to  be  heareafter  constructed  about  one  mile  below 
Sandusky,  on  the  shore  side  of  canal;  the  stone  used  in  this  work 
being  delivered  on  the  bank  where  required  by  Messrs.  Wells,  Timber- 
man  &  Go.  This  work  was  continued  throughout  portions  of  the  months 
of  August,  September,  October,  November,  February,  and  March. 
Four  thousand  and  twenty-three  cubic  yards  of  new  wall  were  laid  in 
the  canal. 

The  guide  pier  above  the  guard  lock  which  marks  the  position  of  the 
channel  was  found  to  be  in  very  bad  shape,  several  steamers  having 
collided  with  it  and  torn  the  stone  out  of  place.  A  gang  of  laborers 
was  set  to  work  rebuilding  it.  When  the  stone  was  partly  removed  it 
was  discovered  that  the  greater  portion  of  it  had  so  deteriorated  from  the 
action  of  the  frost  and  current  that  it  would  be  ncjcessary  to  replace  it 
with  new  stone.  One  hundred  and  fifty  cubic  yards  of  new  wall  were 
laid  on  this  pier,  the  bottom  courses  for  a  distance  of  4  feet  above  low- 
water  being  laid  in  hydraulic  cement.  The  stone  originally  used  in  the 
construction  of  this  pier  had  been  taken  from  the  excavation  in  Nash- 
ville coifer-dam  No.  1,  and  had  seemed  sufficiently  good  for  the  purpose. 
Small  gangs  of  laborers  have  been  from  time  to  time  engaged  in  making 
slight  repairs  on  the  wall  on  inside  of  canal  embankment,  at  places 
where  stone  had  been  displaced  by  steamers  striking  it. 

The  bank  on  shore  side  about  one  mile  below  Sandusky  being  too  low 
to  admit  of  caiTying  the  wall  above  the  water  surface  and  there  being 
danger  of  the  railroad  embankment  washing,  a  force  of  men  and  teams 
were  employed  during  the  winter  months  when  the  canal  was  drained, 
in  hauling  material  with  which  to  raise  this  bank.  The  work  extended 
during  portions  of  the  months  of  January,  February,  and  March,  during 
which  time  the  bank  was  raised  to  a  i>oint  2  feet  above  high-water  in 
canal,  and  the  front  protected  with  rough  stone  ready  for  wall  laying ; 
2^657  cubic  yards  of  earth  were  hauled  and  placed  in  the  bank  at  this 
time.  Since  the  opening  of  the  canal  for  the  season  of  1880  a  quantity 
of  refuse  stone  and  gravel  was  removed  from  the  guard-lock  grounds 
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during  the  progress  of  the  grading,  conveyed  by  flat-boats  to  this  le^ 
bank  and  placed  on  top  as  an  additional  protection. 

OPERATING  AND  MAINTAINING  CANAL. 

The  canal  was  in  continuous  operation  without  serious  accident  oi 
delay  during  the  season  of  1879,  until  December  9. 

On  December  1  the  use  of  the  hydraulic  machinery  for  operating  tlie 
lock  gates  was  discontinued,  the  joints  of  all  water  connections  wiUi 
the  cylinders  broken,  and  the  wells  which  contain  the  cylinders  packed 
with  straw  to  prevent  a  recurrence  of  the  accident  of  the  previous  winter. 

The  locks  were,  however,  operated  by  hand  for  the  accommodation  of 
stray  steamers  until  December  9,  when,  due  notice  having  been  given 
to  steamboatmeu,  the  canal  was  closed  and  both  levels  drained. 

During  the  winter  at  the  tliree  locks  the  machinery  was  overhauled 
and  slight  general  repairs  made  by  the  lock  hands. 

At  the  lower  lock  the  boiler  was  supplied  with  a  wooden  jacket  cov- 
ered with  Eussia  sheet  iron  and  secured  by  brass  bands.  Since  using 
the  boiler  protected  in  this  manner  a  considerable  economy  in  fuel  has 
been  effected. 

At  the  middle  lock  the  old  distributing  valve  which  had  given  trouble 
from  leakage  was  replaced  by  a  new  valve  of  similar  size  and  design 
to  the  one  in  use  at  the  guard  lock,  and  this  new  valve  has  given  entire 
satisfaction  ever  since  it  has  been  in  use. 

The  canal  was  opened  for  navigation  in  the  spring  March  8, 1880,  and 
continued  in  operation  until  June  24,  when,  on  account  of  very  high 
water  in  the  Mississippi,  it  was  closed  to  the  public. 

On  June  22  the  river  nad  risen  to  a  level  with  the  water  in  the  canal, 
and  both  sets  of  gates  at  the  lower  lock  were  thrown  open,  permitting 
steamers  to  pass  directly  through  this  lock.  The  water  continuing  to 
rise  the  lock-gates  were  entirely  submerged  on  the  24th,  and  altfaongh 
the  small  steamers  employed  in  towing  dredged  material  out  of  the 
canal  continued  to  pass  through,  yet  it  was  deemed  unsafe  for  large 
steamers,  or  those  having  tows,  to  pass  through,  on  account  of  the 
danger  of  injury  to  the  exposed  portions  of  the  machinery. 

The  canal  was  accordingly  closed  on  the  24th  as  above  stated,  dne 
notice  having  been  given  to  steamboatmeu. 

The  water  continued  to  rise  until  it  became  stationary  on  June  28,  and 
on  June  29  began  to  fall,  but  slowly. 

The  highest  point  reached  was  17.5  feet  above  low-water  mark  of 
1864,  being  .35  feet  higher  than  the  high-water  of  1876. 

The  lock- walls  were  submerged  to  a  depth  of  1.75  feet. 

Observation  thus  far  has  shown  no  injury  done  the  canal  as  the  result 
of  this  flood,  but  it  was  deemed  wise  to  put  a  small  force  of  laborers  at 
work  protecting  the  embankment  at  places  where  the  wall  had  not  been 
carried  to  its  full  height,  and  where  the  bank  threatened  to  cave. 

The  winter  rains  conveyed  a  great  quantity  of  sand,  gravel,  &c.,  ftt)m 
the  creeks  which  drain  into  the  canal,  and  besides  this  there  had  been 
an  accumulation  of  sand,  mud,  &(5.,  ever  since  the  completion  of  the 
canal,  and  this  had  been  only  partially  removed  by  dredging  at  various 
times. 

At  a  point  in  the  canal  opposite  Price's  Creek,  the  sand  had  formed  a 
bar  extending  entirely  across  the  canal,  and  so  high  as  to  practically 
blockade  passage.  At  this  point  a  force  of  laborers  and  teams  were  em- 
ployed during  the  minter,  when  the  canal  was  drained,  cutting  a  chan- 
nel 100  feet  wide  down  to  grade,  in  order  to  admit  of  the  passage  of 
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iteaniers  when  the  canal  should  be  opened,  until  such  time  as  the 
Iredge  could  complete  the  work. 

The  dredge  belonging  to  this  work  was  employed  durmg  portions  of 
;lie  months  of  July  and  August,  1879,  and  of  April,  May^  and  June, 
L880,  in  removing  bars  which  had  formed  at  various  points  in  the  canal, 
lotably  at  points  opposite  Price's  and  Lamallee's  creeks.  The  dredged 
naterial  was  towed  out  into  the  river  and  dumped ;  the  steamer  Cricket, 
^wned  and  operated  by  Messrs.  Wells,  Timberman  &  Co.,  being  em- 
>loyed  to  tow  the  loaded  dump  scows. 

The  dredge-steamer,  and  four  dump  scows,  constituting  the  outfit, 
)wned  and  operated  by  H.  S.  Brown  &  Co.,  were  hired  to  assist  in  the 
vork  of  removing  sand  and  mud  from  canal.  This  outfit  commenced 
^ork  May  10,  and  continued  working  up  to  June  30,  the  dredged  mate- 
rial being  dumped  in  the  river. 

JCMMARY  OF   WORK  DONE   IN  REMOVING    SAND  AND     MUD    FROM    CANAL  FOR  FISCAL 

YEAR  ENDING  JUNE  30,  1«80. 

Cubic  yards. 

Removed  by  teams  during  the  winter 1,288.0 

Removed  by  United  States  dredge 26,49&.  5 

Removed  by  H.  S.  Brown  &  Co.'s  dredge 11,552.5 

Total 39,336.0 

In  my  last  annual  report  I  called  attention  to  the  necessity  of  build- 
ing a  part  of  the  lock-walls  higher  at  the  middle  and  lower  locks,  and 
placing  «  structure  to  facilitate  entrance  of  guard  lock,  and  made  esti- 
mates therefor.  The  amount  appropriated  for  this  improvement  for  the 
coming  season  is  so  small  that  it  will  allow  of  nothing  being  done  to  the 
lock-walls,  and  but  a  commencement  of  the  guard-lock  structure.  The 
other  work  remaining  to  be  done  on  the  canal  consists  principally  oi 
building  riprap  face- wall,  and  the  funds  provided  will  x)ermit  but  little 
to  be  done. 

The  cost  of  this  wall  will  be  increased  by  every  year's  delay,  owing  to 
the  wash  of  the  embankment. 

The  appropriation  for  operating  the  canal  this  year  is  $30,000^  a  reduc- 
tion of  $10,000  from  the  amount  t^stimated. 

The  caual  can  be  kept  in  operation  with  the  amount  provided,  but 
a  large  amount  of  dredging  must  be  postponed,  and  portions  of  the 
canal  in  the  vicinity  of  the  creeks  which  empty  into  it  will  be  reduced 
in  depth  and  navigable  width.  After  a  thorongh  dredging  at  these 
points  it  is  probable  that  a  comparatively  small  amount  of  dredging  each 
year  will  keep  the  canal  in  good  condition,  and  the  annual  appropriation 
of  $30,000  will  be  sufficient  for  operating  and  maintaining,  except  in 
case  of  extraordinary  repairs. 

The  canal  is  at  present  in  good  navigable  condition,  with  normal  depth 
somewhat  reduced  at  points  opposite  creek  mouths.  The  locks  and  their 
machinery  are  in  good  order.  The  channel  of  the  river  from  the  head 
of  the  canal  to  Montrose  will,  with  a  little  dredging,  be  in  such  condi- 
tion that  boats  carefully  handled  will  have  no  difficulty  in  making  the 
passage,  except  in  times  of  high  wind. 

During  the  fiscal  year  ending  June  30, 1881,  it  is  proposed  to  continue 
the  excavation  of  the  river  channel  between  the  head  of  the  canal  and 
Montrose ;  commence  the  structure  of  cribs  and  timber  fenders  at  guard- 
lock  entrance ;  build  a  small  amount  of  riprap  face- wall,  and  continue 
operating  and  maintaining  the  canal  for  navigation.  It  is  proposed  to 
apply  the  amount  asked  for  the  fiscal  year  ending  June  30,  1882,  to  the 
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completion  of  the  aforemeDtioned  work  and  the  building  up  of  parts  of 
the  middle  and  lower  lock-walls  to  prevent  the  over-ridingof  thegujffdg 
of  boats. 

A  complete  survey  of  both  sides  of  the  canal  embankment,  the  two 
sides  together  being  nearly  15  miles  in  length,  made  since  last  annual 
report,  develops  the  fact  that  a  greater  amount  of  stone  will  be  needed 
for  riprap  face  than  was  estimated  for,  the  increase  bieing  accotmted  for 
principally  by  the  settling  and  spreading  of  the  banl^,  which,  when 
filled  up,  have  longer  slopes  than  the  original.  Portions  of  the  bank 
where  the  wall  was  finished  to  the  top  are  shown  by  the  survey  to  have 
settled  from  1  to  2  feet,  and  in  portions  where  the  bank  has  remained 
unprotected  by  wall  it  has  spread  so  that  the  slopes  are  flatter  than 
when  built.  About  4,000  yards  additional  wall  will  be  required,  and  the 
bank  must  be  refilled. 

The  cost  of  dredging  in  river  channel  this  year  was  considerably 
greater  than  the  estimate  on  account  of  the  accumulation  of  sand  and 
gravel  about  the  broken  rock  which  was  chiseled  four  years  before  and 
could  not  be  dredged  at  that  time  for  want  of  funds. 

The  fencing,  grading,  &c.,  of  lock  grounds  and  various  finishing  work 
about  the  canal  has  also  proved  more  exx>ensive  than  was  anticipated. 

These  items  render  it  necessary  to  add  to  the  previous  estimates  of 
cost  of  completing  the  work. 

Attention  is  called  to  the  fact  that  this  increase  in  the  estimates  is 
caused  in  great  part  by  the  fact  that  the  work  has  dragged  along  under 
insufficient  appropriations  which  compelled  parts  of  the  work  to  remaja 
for  a  long  time  in  an  unfinished  condition. 

The  work  remaining  on  June  30, 1880,  to  be  done  to  complete  this  im- 
provement, is  as  follows: 

Blasting  and  dredging  4,120  yards  rock,  at  $5 $20,60019 

DredginjBf  1,051  yards  rock,  at  $1.25 1,314  01 

Purchasing  and  laying  riprap  face-wall,  23,584  yards,  at  $3.25 76, 648  00 

Laying  riprap  face-waU,  1,500  yards,  at  75  cents I,li5  06 

Building  cribs  and  fenders  at  ffnard-lock  entrance •    6,000  00 

Building  up  walls  at  lower  ana  middle  locks 16,000  00 

Refining  canal  bank 3,000  00 

Finishing  lock  grounds 1,00000 

Engineering,  superintendence,  office,  and  other  expenses 6,00000 

Total 131,687  00 

The  amount  of  funds  available  for  this  work 35,106  50 

Total 96,580  50 

I  desire  to  express  my  appreciation  of  the  services  of  Assistant  Engi- 
neers E.  B.  Jones  and  O.  S.  Willey,  and  Messrs.  G.  P.  Comegys  and  B. 
Eailey  in  my  office. 

The  following  statement  shows  the  business  of  the  canal  daring  the 
fiscal  year : 
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mneni  of  ateamboaiSf  bargeSf  rafUyfCj  passed  through  the  Dee  Moines  Bapids  Canal 
from  July  1,  1879,  to  June  30,  \S^,  fiscal  year  ending  June  30,  1880. 
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1291  101 

127  901 

108'  74' 

5  6 

39,  30| 

9l!  9ll 

142  90 

90  52i 


Cargo. 


a. 


Rafu. 


§•8 
6 


i 


No.  Tons 
5,172  6,667 
2,225!  g,515! 
1, 542  10, 985 
948;  8,373 


470 


86 
403' 


8,821 
971 
2,873 
8,308 


1.26123,713 
1, 124 10,  863 


Bushels 
324,912 
152, 513 
252,784 
165.299 
253,906 
15,000 
74,753 
204, 479 
428. 420 
325,403 


967   65113,23178,989  2,197,469 


J 


hi 


4 

11 
26 
31 
19 


Feet 
2, 018, 496 
14, 188, 574! 
30, 712, 212 
46, 384, 853 
27, 778, 343 


Feet. 

1,934,960 
2,525,000 
4, 255, 000 
2, 470, 000 
1, 976, 000 


I 

CO 


No. 


750,000 


No. 

500,000 
3,687,000  2,756,000 
7,785,750  6,076,675 
8, 803, 850  12, 945, 315 
8,484,550  6,085^650 


1,300,000 


91 1  121, 832, 478  13, 160, 960,30, 661, 150  27, 863, 640 


1 
i 


No. 
285 
325 
330 
369 
262 
6 
71 
134 
306 
409 


2.487 


ITS. — The  canal  waa  closed  89  days,  from  December  9  to  March  8,  on  account  of  cessation  of  rivef 
gation,  and  7  days,  from  Jane  24  to  Jnne  80,  on  account  of  extreme  high-water.  The  boats  and 
es  at  work  in  the  canal  are  not  included  in  this  statement  except  in  the  number  of  lockages. 

lis  work  is  located  in  the  collection  district  of  New  Orleans.  Saint  Louis,  Mo.,  is 
nearest  port  of  entry. 

^he  following  is  a  statement  of  the  collections  at  the  port  of  Saint 
lis,  Mo.,  daring  the  fiscal  year  ending  June  30, 1880: 

ieson  imports $1,143,738  88 

ine  Hospital  tax 13,680  93 

M  and  penalties 331  97 

actions — steam  vessels 6,097  70 

tnse»— officers  of  steam  vessels 8,275  00 

•age 1,465  69 

3ial  fees 2,419  40 


Total 1,176,003  57 

un  vessels  enrolled,  162 tons..  59,699.13 

ges  enrolled 157 tons..  82,275.81 

Total 319 tons..  141,974  94 

estimated  complete  cost  of  this  work  as  now  being  carried  on  is. . .  $4, 437, 515  00 
t  of  operating  and  maintenance  of  canal  from  August  22,  1877,  to 

me  30, 1881 157,565  00 


mated  cost  of  operating  and  maintenance  of  canal  for  fiscal  year 

iding  June  30, 1882 40, 


000  00 


Total 4,635,080  00 

Ell  amount  appropriated  for  all  purposes  up  to  Juue  30,  1880 4, 498, 500  00 

)unt  required  yet  to  be  appropriated  for  finishing  improvement  and 

>erating  canal 136,580  00 

Money  statement. 

r  1,  1879,  amount  available $85,875  06 

>unt  appropriated  by  act  approved  June  14,  1880 50, 000  00 


r  1,  1880,  amount  expended  during  fiscal  year . 68, 435  12 

r  I,  1880,  outstanding  liabilities 2,333  44 


$135, 875  06 


70, 768  56 


r  1,  1880,  amount  available 65,106  50 

»unt  (estimated)  required  for  completion  of  existing  project 96, 580  00 

mnt  (estimated)  for  operating  and  maintaining  canal  for  fiscal  year 

iding  June  30. 1882 40,QWi  <Jft 

>nnt  that  can  he proJStahly  expended  in  fiscal  year  eiidmji;  J  wive  ^»\^^  •  V5fe^\^  ^ 
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1?BESEBVATI0N  OP  THE  FALLS  OP  SAINT  ANTHONY  AND  IMPROVE. 
MENT  OP  THE  MISSISSIPPI:  ABOVE  THE  PALLS— IMPBOVBMENT  OP 
CHIPPEWA  AND  SAINT  OBOIX  BIVEBS,  WISCONSIN,  AND  OP  MINNE- 
SOTA BIVER  AND  BED  BIVEB  OP  THE  NOBTH,  MINNESOTA  AND 
DAKOTA — STJBVETS  POB  BESEBVOIBS  AT  THE  SOUBCBS  OP  THE 
MISSISSIPPI — CONSTBUCTION  OP  DAM  AT  LAKE  WINNIBIGOSHISH. 


BEPORT  OF  CAPTAIN  CHAPLES  J.  ALLEN,  CORPS  OF  ENGIKEEPS,  BVT. 
MAJOR,  U,  S.  A,,  OFFICER  IN  CHARGE,  FOR  THE  FISCAL  TEAR  ENDING 
JUNE  30,  1880,    WITH  OTHER  DOCUMENTS  RELATING  TO  THE  WORKS. 

ENaiNEEB  Ofpice,  U.  S.  Abmy, 

Saint  Faulj  Minn.y  July  15, 1880. 

Oenebal  :  I  have  the  honor  to  sabmit  herewith  the  annaal  reports 
upon  the  works  and  snrveys  under  my  charge  for  the  fiscal  year  ending 
June  30,  1880. 

Very  respectfully,  your  obedient  servant, 

Ohas.  J.  Allen, 


Brig.  Gen.  H.  G.  Wbioht, 

Chief  of  Engineers^  U.  8.  A, 


Captmn  of  Engineers. 


U  I. 

PRESERVATION  OF  FALLS  OF  SAINT  ANTHONY,  MINNESOTA. 

• 

The  work,  during  the  fiscal  year,  has  mainly  consisted  in  the  con- 
struction of  a  sluice-way  at  the  westerly  end  of  the  apron  for  the  run- 
ning of  loose  logs  over  the  falls,  and  protection  and  repair  of  the  toe  of 
the  apron  which  had  been  seriously  damaged  by  running  logs  over  it. 
The  details  of  this  work  are  given"  in  the  report  of  Capt.  C.  J.  Allen, 
Corps  of  Engineers,  under  date  of  December  6,  1879,  which,  together 
with  sub  report,  is  printe<i  in  Senate  Ex.  Doc.  No.  37,  Forty-sixtli  Con*^ 
gress,  second  session ;  reference  is  herewith  resi)ectfully  made  to  it,  as 
part  of  this  report.  The  sluice  was  ready  for  use  by  the  early  part  of 
October  last,  although  the  gate  was  not  mounted  untU  February. 

During  the  month  of  March  last,  the  toe  of  the  apron  was  fiirther 
strengthened  by  throwing  in  large  blocks  of  limestone  of  1,000  to  2,000 
pounds  weight  each,  at  the  easterly  angle,  in  anticipation  of  floods,  as 
there  had  l^n  a  heavy  precipitation  over  the  water-shed  of  the  river 
during  the  past  winter.  Two  hundred  and  eighty-five  cubic  yanls  of 
rock  were  placed,  at  $2  per  cubic  yard. 

The  floods  of  May  and  June  reached  a  higher  point  than  known  since 
1867,  and  the  immense  mass  of  water  had  only  the  narrow  width  of  500 
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feet  over  the  apron  for  egress  to  the  river  below,  the  mills  and  other 
private  works  having,  previous  to  the  adoption  of  the  present  project 
for  the  preservation  of  the  falls,  already  encroached  upon  the  water- 
way so  as  to  leave  only  the  width  above  mentioned.  The  late  floods 
appear  to  have  done  considerable  damage  to  the  apron,  in  places,  but 
the  extent  of  such  damage  can  only  be  ascertained  after  the  subsidence 
of  the  water. 

The  present  plan  here  noted  as  original  project  contemplated  the 
stoppage  of  erosion  of  the  limestone  bed  of  the  falls,  by  means  of  clos- 
ing the  enormous  channels  worn  under  the  limestone  ledge  and  through 
the  soft  underlying  incipient  sandrock,  by  filling  of  gravel,  clay,  &c.,the 
construction  of  a  concrete  dike  under  the  limestone  ledge  reaching  from 
extreme  banks,  remodeling  and  reconstructing  the  apron  to  prevent 
recession  of  the  crest  of  the  falls,  rolling  dams  to  maintain  sufficient 
depth  of  water  upon  the  bed  of  the  falls  to  prevent  ice  from  adhering 
to  the  ledge  in  severe  winters,  and  the  protection  of  the  toe  of  the 
apron  by  means  of  bowlder  riprapping.  The  undermining  of  the  toe  of 
the  apron  by  the  action  of  floods  and  running  of  loose  logs,  whether  bj 
accidentor  design,  makes  it  evident  that  nothing  but  heavy  buttress- woit 
of  tight  cribs  filled  with  stone  wiU  effectually  protect  it.  Should  the 
apron  be  carried  away,  the  destruction  of  the  falls  and  the  magnificent 
water-power  of  this  locality  would  follow  unless  the  work  were  imme 
diately  renewed.  Prevention  of  any  such  disaster  costs  but  a  small 
fraction  of  that  of  renewal.  If  the  United  States  retain  charge  of  this 
work,  at  least  (50,000  should  be  on  hand  with  which  to  meet  damage 
from  floods,  or  other  sources. 

During  the  month  of  June  past,  owing  to  present  and  prospective  dam- 
age to  the  works  from  running  of  loose  logs,  the  necessary  facts  wei« 
placed  in  possession  of  the  United  States  district  attorney  in  order  to 
enable  him  to  obtain  from  the  United  States  court  an  injunction  against 
running  loose  logs  over  or  through  the  works,  excepting  through  the 
sluice  built  in  accordance  with  the  act  of  Congress  approved  March  3, 
1879.  It  is  not  known  at  the  date  of  this  writing  that  any  steps  have 
been  taken  towards  securing  the  injunction. 

Congress,  by  act  approved  June  14, 1880,  appropriated — 

For  repairs  and  contingencies  of  public  works  at  Saint  Anthony's  Falls,  Minnesota, 
to  meet  necessary  repairs,  present  and  prospective,  ten  thousand  dollars. 

It  is  proposed  to  expend  this  sum,  as  well  as  the  small  balance  of 
funds  on  hand,  in  the  preservation  and  further  strengthening  of  the 
timber  work  for  the  protection  of  the  falls,  so  far  as  the  amount  will  go. 

This  work  is  in  the  collection  district  of  Minnesota.  The  nearest  port  of  entry  U 
Dalnth,  Minn.,  at  which  place  the  reVennes  collected  during  the  fiscal  year  endiog 
June  30,  1880,  amounted  to  $4,964.51. 

ABSTRACT  OF  APPROPRIATIONS  MADE  FOR  IMPROVING  THE  FALI^  OF  SAINT  ANTHOXT 

By  act  approvod  June  11,  1870* $50,00000 

By  act  approved  March  3,  1871* 50,00000 

By  act  approved  June  10,  1872* 50,00000 

By  act  approved  March  3.  1873  • 50.000  00 

By  act  approved  June  23,  1874 125,000  00 

By  act  approved  March  3,  1875 100,000  00 

By  act  approved  August  14,  1876 120,000  00 


« 


These  sums  were  used  before  the  adoption  of  the  present  plan. 
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:Bjact  approved  March  3,  1879* $10,000  00 

By  act  approvedJune  14,  1880 1 10,000  00 

Total 565,000  00 

Original  estimate  for  carrying  out  present  project 529, 726  31 

liemaining  to  be  appropriated 174, 726  31 

Money  statement. 

Jtily  1,  1879,  amount  available |13,391  87 

Amount  appropriated  by  act  approved  Jnn^  14,  1880 10, 000  00 

123,39187 

July  1,  1880,  amount  expended  during  fiscal  year 12, 812  41 

July  1,  1880,  outstanding  liabilities 135  11 

12,947  52 

July  1,1880,  amount  available 10,444  35 

Amount  (estimated)  required  for  completion  of  existing  project 174, 726  31 

Amount  that  can  be  profitably  expended  in  fiscal  year  ending  June  30, 1882, 

to  meet  repairs  necessary,  present  and  prospective 50, 000  00 


COMMERCIAL  STATISTICS. 
LOGS. 

There  were  4,500,000  feet  of  logs,  valued  at  $22,500,  run  oyer  the  Falls 
of  Saint  Anthony,  destined  for  the  boom  below,  during  the  season  of 
1879. 

It  is  stated  that  there  will  be  4,000,000  feet  of  logs,  valued  at  $28,000, 
run  over  during  the  season  of  1880. 

MANUFACTURES  AT  MINNEAPOLIS  (FALLS  OF  SAINT  ANTHONY). 

[Taken  trom  "StAtiBtic«  of  Minnesota  for  1879."1 

The  growth  of  mannfactnring  industries  in  the  city  in  1879  far  exceeds  that  of  any 
former  vear.  This  is  especially  true  of  the  manufacture  of  flour.  At  the  commence- 
ment of  the  year  the  entire  capacity  of  the  mills  running  was  not  over  5,000  harrels 
daily ;  at  the  close  of  1879  it  was  10,000  barrels,  and  when  the  two  mills  now  building 
and  approaching  completion  are  put  into  operation  it  will  be  15,000  barrels.  Another 
miU  will  be  erected  during  the  year  which  will  increase  the  capacity  to  about  18,000 
barrels  per  day.  Of  course  it  cannot  be  expected  that  these  mills  will  all  be  run  dur- 
ing the  year  to  their  full  capacity,  but  it  is  fair  to  estimate  the  annual  product 
at  4,500,000  to  5,000,000  barrels. 

STATEMENT  OF  SHIPMENTS  OP  FLOUR  FROM  MINNEAPOLIS  FOR  THE  YEARS  NAMED. 

Barrel*. 

1879 .• 1,551,789 

1878 940,786 

1877 935,5441 

1876 1,000,676 

1875 843,769 

1874 727,157 

1873 585,009 

1870 193,814 

1865 98,000 

1860 30,000 

Minneapolis  milkrs  formerly  found  a  market  for  their  flour  mainly  in  America,  and 
had  introduced  it  into  nearly  every  market  East  and  South,  and  its  reputation  had 
become  national. 

*  For  sluice-way  through  public  works,  &c. 
t  For  repairs  f^nd  contingencies,  &o. 


i 
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Not  satisfied,  however,  with  this,  a  little  more  than  two  vears  since  active  meuuKi 
were  inaugurated  to  bnild  up  a  foreign  demand.  The  result  was  that  in  lr^><,  199,183 
barrels  were  shipped  direct  from  the  mills  to  foreign  ports,  and  in  1879  the  exports 
were  450,000  barrels.  In  1878  the  shipments  were  exclusively  to  English  ports ;  in  1879 
they  have  been  to  all  ports  in  the  United  Kingdom :  several  French,  German,  Spinu^ 
and  Italian  ports;  to  Alexandria,  Egypt,  ana  South  Amcrioan  ports,  at  all  of  whieli 
Minneapolis  flour  is  received  with  great  favor. 

LUMBER. 

The  mills  of  the  city  manufactured  during  the  season  of  1879,  146,000,000  feet  of 
lumber,  50,000,000  shingles,  and  21,616,000  lath ;  an  increase  of  15,000,000  over  1^78. 

MISCELLANEOUS  MANL^ACTURES. 

The  jzrowth  of  the  manufacturing  industries  of  Minneapolis  is  by  no  means  confined 
to  the  Sour  interests.  All  other  lines  are  keeping  pace  with  the  growth  of  the  eomtiy. 
The  product  of  the  various  establishments  which  are  engaged  in  manufacturing  guods 
for  the  trade  foots  up  for  the  year  $6, 950,725. 

COMPARATI\^  STATEMENT  FOR  FOUR  YEARS. 

1879 |6,950.7« 

1878 5,696,eS 

1877 4,802,3» 

1876 3,776,135 


special  bepobt. 

Engineee  Office,  U.  S.  Abmv, 

Saint  Paul,  December  6,  1879. 

Geneeal:  I  have  the  honor  to  report  the  following  as  the  operatioM 
at  the  Falls  of  Saint  Anthony  for  the  past  season : 

Congress,  by  act  approved  March  3, 1879,  appropriated  the  sum  of 
$10,000  for  the  construction  of  a  log  sluice  at  the  falls,  in  the  following 
terms: 

For  sluice-way  through  puhlic  works  at  Saiut  Anthony's  FaUs,  Minnesota,  $10,600: 
Prwidedj  That  no  part  of  said  sum  shall  be  expended  for  right  of  way,  and  tin 
said  improvement  can  be  made  without  expense  in  the  United  States,  forthf^  t-han  tb« 
actual  construction  of  said  sluice- way. 

This  appropriation  was,  shortly  afterwards,  made  available,  but  tbe 
commencement  of  the  work  was  delayed  from  two  causes,  viz:  Ist, 
the  existence  of  high- water;  2d,  the  delay  consumed  in  acquiring  re- 
leases to  the  United  States  from  the  owners  of  water-power  at  the  fells 
for  any  water  that  might  be  drawn  off  from  their  canals  or  races  in 
order  to  float  logs  through  the  sluice.  These  releases  were  all  obtained 
by  about  the  middle  of  June,  1879;  the  plan  for  the  work  was  approved 
of  by  the  Chief  of  Engineers ;  and  the  construction  was  begun  as  soon  as 
the  water  lowered  sufficiently.  The  sluice  is  located  at  the  westerly 
end  of  the  apron  protection;  is  451  feet  in  length,  over  all,  having  four 
difierent  slopes  or  planes  on  the  entire  length,  the  total  fall  which  gen- 
erates the  velocity  being  about  40  feet  on  312  feet  horizontaL  Tlw 
width  is  6  feet  in  the  clear  throughout.  The  construction  is  of  crib- 
work,  from  4  feet  to  8  feet  in  width,  strongly  put  together,  and  the 
sluice  lined  on  the  sides  with  3-inch  plank,  securely  bolted  to  heavy 
timbers,  all  projecting  points  carefully  chamfered  with  the  adze,  and 
the  bottom  protected  at  exposed  points  with  layers  of  strap-iron.  The 
entrance  to  the  sluice  proper  is  through  a  sort  of  tunnel  through  a  large 
guard-crib  at  the  westerly  end  of  the  apron,  placed  to  protect  the  miUs 
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at  that  point  from  the  impact  of  ice  and  floating  bodies.  It  is  11  feet 
€  inches  in  height  and  6  feet  in  width,  to  be  ch)sed  by  a  gate,  worked 
by  screws.  The  original  intention  was  to  make  the  entrance  8  feet  6 
inches  high  and  to  use  ordinary  stop-phmk  in  lieu  of  a  gate,  but  the 
experience  of  the  past  season  proving  the  disastrous  eftect  upon  the 
apron  of  running  loose  logs  over  it,  at  anv  stage  of  water,  it  was  con- 
cluded to  make  the  entrance  suflBciently  high  in  the  clear  to  attbrd  no 
excuse  whatever  for  ninning  logs  over  the  falls,  ex(!epting  through  the 
eluice-way  provided  by  law. 

The  sluice  was  ready  for  use  by  the  latter  i)art  of  September,  and  logs 
were  run  through  it  successfully  ;  but  the  construction  of  the  gate  wa8 
deferred,  as  the  entii'e  foi-ce  of  lajwrers  was  necessarily  diverted  to  the 
repairs  upon  the  apron,  to  be  referred  to  further  on.  The  work  is  a 
thorough  success ;  logs  run  through  the  sluice  with  great  rapidity  and 
BO  interruption  to  their  passage  can  possibly  occur,  unless  the  channel 
at  the  foot  of  the  chute  is  clogged  with  mill  refuse.  The  gate  will  be 
mounted  during  the  present  month. 

Early  in  the  summer  it  became  apparent  that  the  toe  of  the  apron 
was  sutfering  considerable  damage  from  the  action  of  the  floods  upon 
the  soft  sandstone  bed  of  the  stream.  As  the  stage  of  water  receded, 
the  logs,  which  were  passing  over  the  falls  in  large  numbers,  contributed 
to  aggravate  the  damage.  The  managers  and  owners  of  the  logs  were 
requested  to  discontinue  running  them  over  the  apron,  and  were  assured 
that  the  sluice  would  soon  be  ready  for  use. 

No  action  being  taken  by  them  to  stop  the  logs,  the  matter  was 
brought,  through  the  Engineer  Department,  before  the  Department  of 
Justice,  and  the  United  States  district  attorney  at  Saint  Paul  having 
received  the  ne(*essary  instructions,  an  injunction  was  obtaineil  from  the 
United  i^tates  court  for  this  district,  restraining  the  running  of  logs  over 
the  apron.  There  will  be,  after  this  season,  no  possible  excuse  for  not 
running  the  logs  through  the  sluice  provided;  and  the  Minneaix>lis  Mill 
Company  will,  a«  their  agent  gave  assurance  la^st  June,  pro\ide  for  the 
passage  of  logs  through  their  works  above  the  sluice.  A  boom  should 
be  placed,  by  the  log-owners,  in  the  pool  between  the  up)>er  and  lower 
rolling  dams,  so  as  to. sheer  the  logs  into  the  sluice  built  by  the  Unitetl 
States  (iovernment,  and  refuse  the  apron. 

As  seen  as  the  wate  '  subsidetl  sufficiently,  a  careful  exaininati  m  and 
survey  was  made  of  the  toe  of  the  ai)ron  and  the  channel  below;  two 
large  gaps  were  found  in  the  timber  work,  viz,  one  about  the  middle  of 
the  lower  edge  or  toe,  and  one  in  the  angle  near  Farnham  &  Lovejoy-s  mill- 
pond.  The  break  in  the  middle  was  the  first  observal)le;  the  other  not 
becoming  apparent  until  later.  The  bowlder  prote<!tion  placed  below 
the  a]>ron  in  the  wintw  of  1S77  and  1878  had,  nearly  all,  been  swept 
away  by  the  flow  of  water,  and  much  of  the  stone  filling  in  the  crib  foun- 
dation of  the  apron  had  also  moved  out,  allowing  the  timber  to  float  and 
lift  up  the  apron  j>lanking  for  a  width  of  about  2(K>  feet,  and  a  depth, 
measured  up  stream,  of  20  to  30  feet. 

It  became  apparent  that  jnompt  measures  should  be  taken  to  restore 
the  work,  as  nearly  as  possible,  to  as  good  condition  as  it  was  in  when 
completed  in  1877.  The  preservation  of  the  log-sluice  also  dei>ended 
largely  ujjon  that  of  the  apron  itself  The  balance  of  funds  avail- 
able was  totally  insufficient  for  repairs.  The  Minneapolis  Mill  Company, 
recognizing  that  their  interest  hinged  upon  the  preservation  of  the 
works,  donated  sufficient  timber  for  temporary  repair,  and  this  was 
workeil  into  place  by  the  government  force  of  laborers.  The  repairs 
consisted  mainly  in  the  substitution  of  water-tight  cribs  for  tU^  o^^Wr 

»9ji 
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work  cribs  where  the  greatest  damage  had  occurred.  If  the  United 
States  Government  is  to  retain  charge  of  the  preservation  of  the  fialls,  %i 
least  $25,000  should  be  available  at  once  to  perfect  the  work.  A  footing 
of  loose  bowlders  might  afford  protection  to  the  toe  for  8ome  time  to 
come,  and  cost  much  less  than  crib-work,  but  such  protection  is  prew^- 
rious  owing  to  the  action  of  the  floods  and  ice  in  carrying  the  bowWew 
away,  in  addition  to  the  small  resistance  offered  by  the  soft  sand-stone 
of  the  river  bed,  the  stone  seeming  to  yield  to  the  action  of  the  water, 
and  the  bowlders  spreading  out  over  it  for  a  considerable  distance. 
The  toe  of  the  apron  should  be  protected  by  tight  crib-work  below  it 
and  extending  across  the  width  of  the  stream,  the  top  of  the  planking 
to  the  crib- work  to  be  about  8  feet  below  the  surface  of  low-water,  the 
crib- work  to  act  l>oth  as  a  protection  to  the  bed  of  the  stream  and  to 
])revent  action  of  the  eddies,  boils.  &c.,  upon  the  foundation  of  the 
apron.  The  greater  part  of  the  i>ropo8ed  work  can  be  done  this  winter 
and  early  in  the  spring,  before  the  highest  water  sets  in,  if  funds  m 
available  at  an  early  date. 

.  The  injury  to  the  work  in  the  angle  at  the  easterly  end  of  the  ajMiDD 
seems  to  have  been  aggravated  somewhat  by  the  injudicioan  placing  of 
flush-boards  by  the  owners  of  the  mill-privilege  at  that  end  of  the  apnw, 
a  fact  that  was  not  discovered  until  the  flush-boards  had  been  in  i)08iti« 
for  some  time. 

The  rest  of  the  work  at  the  falls  is  in  good  condition. 

The  report  of  Mr.  J.  P.  Frizell,  assistant  engineer,  herewith  inclosed, 
gives  the  details  of  the  work  accomplished. 

Very  respectfully,  your  obedient  servant, 

Chas.  J.  Allen, 

Captain  of  Engineert. 

Brig.  Gen.  H.  G.  Wright, 

Chief  of  Engineers^  U.  S,  A, 


report  of  mr.  joseph  p.  frizell,  assistant  engixeer. 

Engineer  Office,  U.  S.  Armv, 

Saint  Paul,  December  I,  1-579. 

Sir  :  I  have  the  honor  to  present  the  following  report  of  operations  at  the  FalUa' 
Saint  Anthony  during  the  jmst  season,  this  work  having  been  under  my  iiumediaM 
supervision. 

The  act  of  Congress  approved  March  3, 1879,  appropriated  |10,000  for  the  constnictioi 
of  a  sluice-way  through  the  public  works  at  the  Falls  of  Saint  Anthony.  The  auioint 
-was  ma<le  avilable  shortly  after  the  passage  of  the  act,  but  the  high-wat^r  did  no* 
abate  sufficiently  to  admit  of  the  commencement  of  the  wofk  before  the  first  of  Augiui 

Before  the  commencement  of  the  work,  the  precaution  was  taken  to  procure  release 
fW)ra  the  several  owners  of  water-power  at  the  falls,  exonerating  the  government  fhwi 
any  claim  for  damages  by  reason  of  the  diversion  of  water  from  the  mllU  and  canab  ti 
the  said  owners  by  the  operation  of  the  sluice. 

The  sluice  was  located  on  the  westerly  side  of  the  apron,  commencing  at  a  point 
about  130  feet  above  the  crest  of  the  lower  rolling  dam,  which  was  built  for  the  pur- 
pose of  keeping  the  limestone  flooded  with  water.  It  discharges  into  a  channel  sep^ 
rated  from  the  main  river  by  a  bank  of  loose  stone  and  gravel,  being  the  channel  whic^ 
receives  the  water  from  several  of  the  saw-mills.  It  was  constructed  of  12 '  x  l^ 
Hqiiare  timber  fastened  with  drift  bolts.  One  side  is  formed  by  3-inch  lon^tudin^ 
planking,  fastened  to  upright  timV»ers,  which  are  bolted  to  the  Minneapolis  Mill  Cons- 
pan  y's  high  dam  and  to  the  wall,  partly  natural  and  partly  artificial,  which  forms  the 
westerly  side  of  the  apron.  The  other  wall  of  the  sluice  is  of  close  crib- work,  4  fwt  t« 
8  feet  wide,  filled  with  stone.  The  side  next  the  sluice  is  lined  with  3-iiich  plauk.  Tlw 
rolling  dam  was  cut  through,  and  the  bottom  of  this  part  of  the  sluice,  coninrisiu^  * 
distance  of  about  ij^\  feet,  consists  of  G-inch  plank  bolted  to  the  lime  rock.  tW  sluit-e 
ist)  feet  wide  inside.    Yot  av\\%\uvice  q^I^  ^vt^ltt^va.  the  foot  of  the  roUnlam  it  takw 
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the  same  slope  as  the  apron,  viz,  about  1  perpendicalar  to  5  base,  and  in  thid  part  the 
floor  is  of  6-inch  plank,  bolted  to  the  floor  of  the  apron.  Thence  for  a  distance  of  143^ 
feet  it  takes  a  slope  of  about  7^  base  to  L  perpendicular.  Thence  level  to  the  end,  a 
distance  of  58  feet.  In  these  two  last  portions  its  bottom  consists  of  12-inch  timber. 
At  the  foot  of  the  sluice  the  water  is  about  5  feet  higher  than  the  river,  passing  over  a 
little  cascade  before  reaching  the  latter.  The  bojtom  is  protected  at  tne  parta  most 
exposed  to  abrasion  from  lo^,  viz,  a  distance  of  about  180  feet,  by  6  straps  of  wrought 
irou,  f  inch  thick,  and  3  inches  wide,  confined  by  12*inch  bolts  with  count'ersunk 
heads.  The  guard-crib  at  the  westerly  end  of  the  rolling  dam  was  taken  away  to  make 
room  for  the  sluice  and  rebuilt  over  the  latter,  leaving  a  clear  opening  11  feet  6  inches 
lu^h.  The  sluice,  for  a  distance  of  some  69  feet,  where  the  water  from  the  saw-mills 
faus  into  it,  is  covered  with  6-inch  planking.  The  lower  end  is  protected  by  a  riprap 
of  heavy  stone. 

The  work  was  executed  entirely  by  day  labor,  under  the  direction  of  Mr.  A.  H. 
Weeks  as  overseer.  The  materials  have  been  purchased  in  open  market,  except  the 
stone,  which  has  been  procured  mainly  in  the  immediate  vicinity  at  the  cost  or  quar- 
rying and  moving.  About  219,000  feet  of  lumber  and  30,000  pounds  of  iron  were  used  in 
addition  to  that  contained  in  the  old  guard-crib.  The  greater  part  of  the  lumber  was 
uarchased  for  |7.97  per  M ;  |10  and  $11  was  paid  for  small  quantities  of  better  grade. 
The  iron  cost  3  and  3J  cents  per  pound. 

The  sluice  is  now  entirely  completed,  except  the  gate,  which  will  be  a  plain,  old- 
fashioned^  up-and-down  gat4?,  worked  by  screws.  The  mechanism  is  now  in  course  of 
oonstruction. 

The  only  accident  which  occurred  during  the  construction  of  the  sluice  wqa  the 
drowning  of  George  Boyd,  a  laborer.  He  was  crossing  the  river  in  a  boat  just  above 
the  lower  rolling  dam  while  a  violent  storm  was  impending.  The  wind  commenced 
to  blow  with  great  fury  just  after  he  started,  and  he  was  swept  over  the  apron. 

Many  logs  have  been  passed  through  the  sluice,  which  fulfills  its  purpose  perfectly. 

THE  APRON. 

It  became  apparent  during  the  continuance  of  high-water  that  serious  damage  had 
been  done  to  the  apron.  It  gave  evidence  of  being  disturbed  at  the  toe  for  a  width 
of  some  200  feet,  and  two  gaps  of  considerable  width  appeared.  The  Saint  Paul  Boom 
Company  claimed  the  rignt,  pending  the  construction  of  the  sluice,  of  running  logs 
over  the  apron,  aud  actually  did  send  over  a  large  number,  amounting  to  some 
millions  of  feet  of  lumber.  The  damage  to  the  apron,  though  not  wholly  due  to  this 
cause,  was  obviously  much  extended  and  aggravated  by  it.  Accordingly,  through  the 
Engineer  Department  at  Washington,  the  matter  was  brought  to  the  notice  of  the 
Department  of  Justice,  and  the  district  attorney  at  Saint  Paul  was  instructed  to  act 
in  the  matter. 

About  the  middle  of  September  an  injunction  was  issued  by  the  United  States  dis- 
trict court  at  this  place  restraining  the  owners  of  logs  from  turning  them  into  the 
river  to  find  their  way  over  the  apron.  No  further  trouble  has  been  had  from  this 
canse,  though  it  is  proper  to  add  that  no  logs  could  have  been  run  in  the  low  stage  of 
water  which  has  prevailed  since  the  date  of  the  ini  unction. 

The  small  amount  of  money  available  for  the  Falls  of  Saint  Anthony  did  not  appear 
to  warrant  the  commencement  of  the  extended  repairs  required  by  the  apron.  The 
execution  of  this  work,  however,  was  so  important  to  the  owners  of  water-power, 
especially  to  the  Minneapolis  Mill  Company,  that  this  company  oflfered  to  donate  the 
lumber  required  for  the  repairs.  This  put  tne  government  in  a  position  to  undertake 
the  work,  and  about  the  first  of  October  it  was  commenced.  The  greatest  damage 
occurred  near  the  easterly  angle,  where  the  water  comes  down  two  slopes^  which  form 
a  valley.  The  bottom  at  this  part  had  been  protected  in  the  winter  oi  1877-78  by 
a  riprap  of  heavy  bowlders,  reaching  nearly  to  the  surface  of  the  water.  On  com- 
mencing operations  this  season  a  depth  of  28  feet  was  found.  The  damage  to  the 
apron  appears  to  have  been  largely  due  to  the  reflex  action  of  the  water  in  undermin- 
ing the  crib-work  and  taking  out  the  stone,  the  cribs  having  been  sunk  with  open 
bottoms,  as  is  customary  in  harbor  work.  The  cribs,  deprived  of  their  ballast,  floated 
and  raised  the  apron  at  the  toe.  This  action  must  have  been  much  aggravated  by 
logs,  which,  on  reaching  the  bottom  of  the  apron,  do  not  always  proceed  on  their 
way,  but  take  part  in  the  rolling  and  whirling  action  of  the  water,  and  remain  pound- 
ing against  the  orib-work.  In  proof  of  this,  logs  were  found  under  the  door  of  the 
apron,  where  the  crib-work  was  broken  through. 

In  executing  the  repairs,  the  floor,  what  remained  of  it,  was  removed  as  far  as  the 
disturbance  had  extended,  viz,  for  a  width  of  some  200  feet,  and  20  to  30  feet  up  and 
down  str(»am.  All  unsound  timber-work  was  removed,  and  even  sound  work  as  far  as 
necessary,  to  get  depth  for  sufficient  ballasting  of  the  cribs.  Dynamite  was  freelv 
used  for  detaching  Uie  timber.  The  work  below  water  consisted  of  cribs  of  12"  K  I*' 
Square  timber  laid  close   with  lock  joints.     They  measured  \^  i^i^l  Vu  V\^Wv,  wcA 
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20  feet  iij*  and  down  stream.     They  were  generally  built  highest  at  the  dowo-Btit&m 
end,  the  water  V»eiiig  deepest  there.     The  lower  timbers  were  fast^'ned  together  vitb 
36-iuch  sorew-holts :  the  re«t  with  drift;  bo]t«  and  oak  treenails.     AH   the  cribehtd 
tight  bott<»nm,  i.  f.,  tight  enough  to  hold  stone.     In  the  deep  cribs  the  bottom  wj» 
laid  on  the  lower  cross-ties.     In  the  shallowest  the  planking  was  below  the  ties,  con- 
fined thereto  by  screw  bolts,  an  arrangement  giving  more  room  for  ballast.     (>Qtb« 
cribs  were  laid  and  boltt»d  the  cross-tifts  which  snpport  the  flooring  of  the  apron.  TbL< 
consists  of  two  thicknesses :  the  first  of  8-inch  timbt^r,  the  second  of  4-inch  planL 
The  flooring  is  fastened  wholly  with  oak  pins  or  treenails ;  the  8-inch  timber  br  16- 
inch  ronnd  pins  2  inches  diameter;  the  4-inch  plank  by  s^piare  piu8  1^  inch  diameter. 
10  inches  long.     This  work  was  also  done  by  day  labor.     It  wsis  finished  in  the  latter 
part  of  November ;  157,000  feet  new  lumber,  about  7,500  pounds  iron,  and  some  10,0n^ 
treenails  were  nsed. 

The  chief  danger  to  this  structure  is  in  the  undermining  action  of  the  wat«*r  at  tW 
toe.  If  the  government  is  to  be  charged  hereafter  with  the  maintenance  of  this  wofi, 
some  defense  against  this  a<*tion  must  be  adopted.  The  readiness  with  which  tk 
heaviest  bowlders  are  wa«he<l  out  inspires  doubts  as  to  the  eflScienc y  of  any  loose  stoif 
protection,  especially  in  the  line  of  the  junction  of  the  two  slopes,  where  the  actioi 
of  the  water  is  most  violent.  A  protection  of  brush  and  stone  has  been  susg^stcd. 
but  probably  could  not  be  made  strong  enough  to  resist  the  action  of  ice.  Cnb-work 
appears  best  suited  to  the  purpose,  but  woula  be  attended  here  with  peculiar  difficul- 
ties, as  the  problem  would  be  to  sink  cribs  with  6, 8,  or  10  feet  of  water  over  them^ 
leave  them  filled  with  stone  with  a  strong  deck  or  platform  over  the  top,  since  it  is 
obvious  that  cribs  open  at  the  top  would  be  deprived  of  their  ballast. by  the  actionem 
the  water  and  floated  away.  The  only  method  of  constructuig  and  placing  8uch  crib* 
that  I  can  conceive  of  w  ould  be  to  make  them  water-tight.  After  loading  them  t» 
the  water's  edge,  add  a  curb  or  bulkhead  aronnd  the  top,  giving  them  snfficint 
buoyancy  to  float  full  of  stone.  Then  fill  and  cover  them,  protectinio^  the  top  wiA 
iron  plates,  straps,  or  old  railroad  bars  if  necessary .  Float  them  into  position  andsui 
them  by  cutting  through  the  curb.  The  lattei^being  of  light  material,  could  bed^ 
tached  or  left  to  be  destroyed  by  the  water;  $20,000  would  be  judiciously  expeinM 
in  a  protection  of  this  kind.  In  other  respects,  the  works  for  the  preservation  of  t^ 
falls  are  in  excellent  condition.  The  concrete  dike,  so  far  as  can  be  observed,  fulift 
its  piUT>08e  well. 

Very  respectfully,  your  obedient  servant, 

Jos.  P.  Frizell, 
A 88X9 tan t  Mnginetr. 

Capt.  Chas.  J.  Allen, 

Corps  of  Engineers,  C  S.  A. 


U   2. 

IMPROVEMENT   OF   MISSISSIPPI    RIVER   ABOVE    THE    FALLS    OF    SALVT 

ANTHONY,   MINNESOTA. 

The  balance  of  funds  on  hand  at  the  close  of  the  fiscal  year  endin? 
June  30, 1879,  was  too  small  to  admit  of  resuming  work,  a«  the  steam 
crane  scow  would  have  required  extensive  repairs. 

Operations  have  consisted,  mainly,  in  inspection  of  work  done  be 
tween  Saint  Cloud  and  the  Falls  of  Saint  Anthony  and  the  care  of  prop- 
erty. The  months  of  May  and  June,  1880,  were  remarkable  for  heavy 
rainfall  and  corresponding  floods,  doing  more  or  less  damage  along  tk 
whole  length  of  the  river. 

An  examination  of  the  stream  above  Saint  Paul  was  made  in  June  by 
a  small  party,  in  order  to  obtain  data,  as  to  damage,  &c. 

The  original  estimate  for  the  work  between  Saint  Cloud  and  the  FalU 
was  $144,067.50,  the  work  to  consist  in  removal  of  obstructions,  closing 
of  secondary  channels,  island  chutes,  and  protection  of  banks. 

This  estimate  is  contained  in  rei)ort  upon  part  of  the  Third  Subdivis 
ion,  Mississippi  Tran8i>ortation  Route,  under  date  of  February  8, 1875. 
in  order  to  furnish  estimates  to  meet  the  recommendation  of  the  ^nate 
select  committee  on  transportation  routes  to  the  seaboard.  The  same 
rei)ort  contains  estimates  foi  making  the  improvement  as  far  up  the 
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river  as  Grand  Rapids,  the  total  cost  for  a  channel  5  feet  deep  estimated 
at  $2,156,678,75;  and  for  a  channel  3  feet  deep,  $2,030,22().5(). 

One  steamer,  only,  plied  prior  to  1870  between  Minneapolis  and  Saint 
Cloud.  Large  quantities  of  logs  are,  however,  run  down  the  riv^er  and 
received  into  booms.  The  work  of  improvement  u^wn  this  stretch  of 
river  has  been  confined  to  the  points  between  Saint  Cloud  and  Minne- 
apolis, where  the  worst  obstructions  existed,  and,  no  doubt,  some  bene- 
fit to  log-driving  accrued.  The  loggers,  however,  frequently  tear  out 
the  dams  in  order  to  obtain  short  routes  through  the  chutes  for  the 
passage  of  logs.  It  has  been  impossible  thus  far  to  detect  the  depre- 
dators. 

If  work  l>etween  Minneapolis  and  Saint  Cloud  is  to  continue,  $40,000 
ean  be  profitably  expended  during  the  fiscal  year  ending  June  30,  1882, 
as  a  dredge-boat  will  be  required  for  thorough  removal  of  bowlders  and 
gravel.    Probable  cost  of  the  dredge  $20,000. 

Congress,  by  act  approved  June  14,  last,  appropriated  for — 

Improving  MisNi8si))i»i  River,  altove  the  Falls  of  Saiut  Anthony  :  continuing  iniprove- 
iiient,  fifteen  thousand  dollars. 

It  is  proposed  to  expend  this  sum  mainly  in  the  improvement  of  the 
stream  between  Grand  Eapids  and  Brainerd,  the  latter  at  the  crossing 
of  the  Mississippi  by  the  Northern  Pacific  Kailroad ;  the  work  to  be 
done  by  day  labor.  The  stretch  of  river  above  Brainerd  is  possessed  of 
better  natural  depth  and  has  more  commerce,  logging  excepted,  than 
any  stretch  of  equal  length  below  it. 

The  ori^rinal  estimate  for  imi)rovement  between  Couradis  Shoals,  35 
miles  below  Brainerd,  and  Grand  Rapids,  is,  for  a  5-foot  channel, 
$54,127.50,  the  improvement  to  consist  in  removal  of  snags,  bowlders, 
sand,  clay  and  gravel  bars,  leaning  trees,  and  the  construction  of  wing- 
dams.  The  sum  of  §25,000  can  be  profitably  expended  upon  this  reach 
of  the  river  during  the  fiscal  year  ending  June  30,  1882. 

Total  amount  that  can  be  profitably  expended  upon  the  Mississippi 
River  above  the  Falls  of  Saint  Anthonv  for  the  fiscal  year  ending  June 
30,  1882,  viz : 

From  Couradis  Shoals  to  Goose  Rapids,  and  ahove $*25, 000  00 

Between  Minnea]>olis  and  Saint  Cloud,  if  improvement  upon  this  stretch  of 

river  is  to  he  kept  up  hy  tlio  United  States 40,000  00 

This  work  is  in  the  collection  district  of  Minnesota.  The  nearest  port  of  entry  is 
I)uluth«  Minn.,  at  which  place  the  revenue  coilected  for  the  hscal  year  ending  June  30, 
l>*if0,  amounted  to  iR4,964.51. 

AB8TRACT    OF    APPROPRIATIONS    MADE    FOR    THE    IMPROVEMENT   OF    THE   MISSISSIPPI 
RIVER  ABOVE   THE  FALLS  OF  SAINT  ANTHONV,  MINNESOTA. 

By  act  approved  June  2:j,  1874* 62,'), 000  00 

By  act  approved  August  14,  1876 20,000  00 

By  act  approved  June  14,  1880 15,000  00 

(>0,000  00 
Original  estimate  for  the  work  hetween  the  Falls  of  Saint  Anthony  and 

Saint  Cloud,  Minnesota 144,667  50 

Remaining  to  be  appropriated 124, 667  50 

Original  estimate  for  the  work  between  Grand  Rapids  and  Couradis 

Shoals 54,127  50 

Appropriation  act  approved  June  14,  1880 15, 000  00 

Remaining  to  be  appropriated 39, 127  50 

*  Made  and  expended  before  the  adoptiou  of  the  present  project. 
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Money  slatement. 

Jnly  1,  1879,  amount  available $2,646  76 

Amount  appropriated  by  act  approved  June  14,  18^ 15, 000  00 

$17,646  TS 

July  1,  1880,  amount  expended  during  fiscal  year 1, 381  38 

July  1,  1880,  outfitandiug  liabilities 25  00 

1,406  » 

July  1,  1880,  amount  available 16,240  > 

Amount  (estimated)  required  for  completion  of  existiuff  project *l!M,667  ^ 

Amount  tnatcan  be  profitably  expended  infiscai  year  ending  Jane  30, 1882.     *4O,000  # 
Amount  (estimated)  reouired  for  completion  of  project,  viz,  improvement 

between  Grand  Rapids  and  Couradis  Sboals t39,127  5G 

Amount  that  can  be  profitably  expended  in  fiscal  year  ending  June  20, 1882 .      25, 000  <*(♦ 


COMMBRCIAL  STATISTICS,   SEASON  OF  1879. 

Logs  and  lumbfr. 


At- 


ICinneapoUs 

Above   Minne- 
apolis   

Anoka 

Saint  Cloud 

Bavton 

Prmceton 


Totals,  1879  . 
Totals,  1878. 


Logs  scaled.        Logssawed. 


No.     I       Feet.       \       Feet 
825,620,  145.061,800   147,416.890 


1, 216, 

81,985 

1,719 


182,210 

13,  677, 400 

271,450 


27,009,850 

2,971,250 

450,000 

450,000 


910,  540'  159, 192, 860   178, 297, 490 
637, 041 ;  102,198,750   137,285,700 


Hanofac  tared. 


Lumber.    I   Laths. 


Feet       ' 
157,075,71120,467,400 


Shinglea  i  Picketa. 


Loeic« 
iieaor» 


29.855,014   4,428,350 
2, 973, 000,      550, 000 

500,000 

660.000; 


190,403,725  25,445,750 
145,819,50028,553,200 


52,986,000  118,27212,WI,» 


9. 003,  000 
2, 500,  000; 


64,489.000  118.272 


48,128,000 2Q,9:&^ 


7,00d.« 


23,e87.« 


FREIGHT  AND  PASSENGERS. 


During  the  season  of  1878  there  were  two  steamboats  plying  on  the  Missiasippi  BiTcr 
above  the  falls  of  Saint  Anthony ;  one  plying  between  Minneapolis  and  Saint  Cloti 
and  the  other  between  Aitkin  on  the  Northern  Pacific  Railroad  and  Qrand  S^ii<li^ 
Minnesota.  The  latter  was  the  only  one  navigating  the  river  above  the  falls  doziBf 
the  season  of  1879,  the  former  having  been  purchased  by  the  Mississippi  and  Uok 
River  Boom  Company  with  the  intention  of  remodeling  and  putting  her  into  senicc 
in  connection  with  their  logging  o)>erations.  But  she  ^as  found  inadequate,  afW: 
which  the  machinery  was  sold,  and  the  hull  is  now  offered  for  sale. 

On  account  of  low -water,  the  steamer  plying  between  Aitkin  and  Grand  Rapids  ▼•• 
unable  to  make  more  than  five  trips  during  the  season,  carrying  up>stream,  abovt 
300,000  pounds  and  120  passengers.  This  was  but  a  very  small  part  of  the  commerre 
of  the  river  (shipped  from  Aitkin),  the  bulk  of  the  business  being  done  by  flat-boati 
propelled  by  men  with  poles  ana  ropes.  There  is  also  a  large  (percentage  of  tk 
carrying  trade  done  by  teams  in  winter,  which  would  be  doue  by  boats  during  tk 
season  of  navigation  if  the  river  was  improved  so  as  to  admit  of  it. 

It  is  estimated  that  2,000  men  went  up  river  from  Aitkin  last  fall,  and  200  to  St^J 

•  This  is  the  project  including  only  the  stretch  of  river  between  Saint  Cloud  and  Min- 
neapolis, and  is  offered  as  an  estimate  in  case  the  United  States  orders  the  continuance 
of  work  upon  this  piece  of  river. 

t This  project  was  adopted  following  the  appropriation  of  $15,000  made  by  act  ap- 
proved June  14,  1^60. 
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daring  the  haying  season.    The  up-stream  commerce  of  the  river  for  the  year  ending 
June  30,  IHHj,  is  as  follows: 

Poiuds. 

Feed  and  grain 3,000,000 

Blacksmith's  coal 60,000 

Iron  and  hardware 100,000 

Groceries  and  provisions 2,4;i4,2H3 

Salt 60,000 

Total 5,664,283 

Estimated  value $275,000 

Fare  and  snake-root  were  brought  down-stream  by  steamer  and  flat-boats  to  the 
value  of  16,500. 


Us. 

CONSTRUCTION  OF  LOCK  AND  DAM  ON  MISSISSIPPI  RIVER  AT  MEEKER^S 

ISLAND,  MINNESOTA. 

No  work  has  been  done  here,  no  fands  being  available  for  use,  as  the 
parties  holding  the  land  grant  nave  not  made  the  release  to  the  United 
States  reqnir^  by  the  act  of  Congress  approved  March  3, 1873.  The 
StHte  of  Minnesota  should  annal  the  grant  to  the  parties  holding  the 
land  grant  and  release  the  same  to  the  United  States.  If  it  is  deter- 
mined to  commence  the  work  and  carry  it  on,  not  less  than  $300,000 
should  be  appropriated  for  the  work  for  the  fiscal  year  ending  June  30, 
1882. 

Money  statement. 

Jnly  1,  1879,  amount  available $25,000  00 

July  l,l»:JfcO,  amount  available 35,000  00 

Amount  (eatimated)  re(}uired  for  completion  of  existing  project 922, 131  46 

Amount  that  can  be  protitably  expended  in  fiscal  year  ending  June  30, 1882.  300, 000  00 


U4. 

IllPKOVEMENT  OF  CHIPPEWA  RIVER,  WISCONSIN. 

Work  recommenced  in  September,  1879,  in  widening  and  repairing 
the  west  (old)  jetty,  and  the  construction  of  dams  at  Flower-Pot  Bar 
and  the  Missonri  River  Chute.  Work  was  done  by  day  labor  and  pur- 
chase of  material  in  open  market.  The  construction  was  as  follows : 
1,030  linear  fe-et  of  brash  and  stone  dams  at  FlowerPot  Bar,  to  close 
up  a  channel  behind  an  island  of  that  name ;  and  330  linear  feet  of 
brush  and  stone  dam,  to  close  the  chute  behind  Little  Missouri  Island ; 
also,  the  base  of  a  dam  was  laid  at  Flower-Pot  Cut-off,  the  base  being 
290  feet  long. 

The  repairs  consisted  in  strengthening  the  west  jetty  at  the  month 
of  the  river  from  its  junction  with  the  shore  for  a  distance  of  950  feet, 
and  placing  additional  ennxikment  at  the  east  jetty,  where  the  structure 
ha<l  settled  from  the  effect  of  the  sudden  irruption  of  water  from  the 
dams  above  Ban  Chiire  and  Cippewa  Falls  upon  tlie  ba.se  of  the  work. 
The  work  thus  far  has  been  of  the  greatest  benefit  to  navigation,  and 
is  in  generally  good  condition. 

At  the  close  of  the  season's  work  a  rapid  exaniiuation  of  the  river 
was  made  between  Eau  Claire  and  the  mouth. 
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Gauge-rods  were   established  as  usual,  and  tbeir  readings  recorded 
and  plotted. 

The  report  of  Mr.  Guy  Wells,  overseer,  giving  details  of  the  work 
during  the  season  of  1879  is  herewith  submitted.  Mr.  Wells  is  enliUed 
to  thanks  for  his  zealous,  conscientious,  and  economical  conduct  of  the 
work. 

The  river,  during  the  months  of  May  and  June  past,  reaehed  an  almost 
unprecedented  stage,  the  gauge  at  Eau  Claire  showing,  on  the  13th  of 
June,  21.6  feet  above  low-water.  During  the  latter  part  of  June,  an 
examination  of  the  river  in  the  vicinity  of  Eau  Claire  was  made,  and 
the  data  recorded  for  future  reference. 

The  present  project  for  the  improveihent  of  the  Chippewa  River,  baued 
upon  the  original  estimate  of  the  engineer  officer  in  charge,  dated  Jan 
uary  30,  1875,  contemplates  the  removal  of  obstructions,  natural  and 
artificial,  between  Eau  Claire  and  the  mouth,  at  a  cost  of  $139,892.50; 
of  which  amount  $64,102.50  wa«  estimated  as  the  cost  of  protecting  the 
^ve  high  sandbanks  below  Eau  Claire,  in  order  to  prevent  the  material 
composing  the  banks  from  being  earned  down  the  river  and  into  the 
Mississippi  to  form  sand-bars  in  both  streams.  Only  those  familiar 
with  this  stream  can  appreciate  the  necessity  for  an  adequate  appropria- 
tion for  the  protection  of  the  sand-banks  on  the  Chippewa  River. 

The  report  of  the  officer  in  charge,  January  30,  1875,  also  contained 
an  estimate  of  the  cost,  exclusive  of  locks  and  dams,  alwut  $50,000  for 
improving  the  channel  and  protecting  the  banks  between  Chipi)ewa 
Falls  and  Eau  Claire. 

If  the  work  of  improving  this  river  is  to  continue,  it  is  recommendeil 
that  Congress  be  asked  to  appropriate  the  sum  named  for  the  protection 
of  the  sand-banks  on  the  stream,  and  an  additional  sum  of  $25,000  to 
continue  the  work  of  building  wing-dams  and  jetties ;  all  of  which  caa 
be  profitably  expended  during  the  fiscal  year  ending  June  30,  1882. 
Congress,  by  act  approved  June  14,  1880,  appropriated,  for  improving 
the  Chippewa  River,  Wisconsin — 

Coutinuinc  the  improvemeut,  ten  tboiisand  dollars;  but  this  sum  is  appropriated 
subject  to  the  same  couditions  and  limitations  imposed  by  section  1  of  the  actip- 
proved  March  3,  1879,  for  tbe  improvement  of  rivers  and  harbors,  relating  t4>  stk 
Chippewa  River. 

With  the  money  appropriated  by  this  act,  and  the  small  balance  of 
funds  on  hand,  it  is  proposed  to  continue  the  improvement  as  begun,  bj 
carrying  the  removal  of  obstructions  upstream  from  the  mouth,  and 
repairing  existing  works. 

This  work  is  in  collection  district  of  Minnesota.  Dnluth,  Minn.,  is  the  nearest  port 
of  entry,  at  which  place  the  revenue  collected  for  the  fiscal  year  ending  June  30,  l^^, 
was  $4,964.51. 

ABSTRACT  OF   APPROPRIATIONS   MADE  FOR  IMPROVING   CHIPPEWA  RIVER,  WISCONSUf^ 

By  act  approved  August  M,  1876 $10,000  00 

By  act  approved  June  18, 1878 10,000  W 

By  act  approved  March  3,  1879 8,000« 

By  act  approved  June  14,  1880 10,000  00 

Total 38,000  00 

Original  estimate  for  carrying  out  existing  project 139,8^2  50 

Remaining  to  he  appropriated 101,892  50 

Of  this  amount,  $64,102.50  is  estimated  as  the  cost  of  protecting  the  five  high  sand- 
banks below  Eau  Claire. 
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Money  statement. 

July  1,  1879,  auioniit  available $8, 061  81 

Amount  appropriated  by  act  approved  June  14,  1880 10, 000  00 

$18,001  81 

July  1,  1880,  amount  expended  during  fiscal  year 7, 759  90 

July  1,  1880,  outtttandiug  liabilities 2t)  00 

7, 779  90 

July  1,  1880,  amount  available 10,281  91 

Amount  (©Mtiniated)  required  for  completion  of  existing  project 101, 892  50 

Amount  that  can  be  profitably  expended  in  fiscal  year  ending  June  30, 1882 — 

For  prot^ctin^  bigh  sand-banks * 164, 102  50' 

For  constructing  wing-dams,  jetties,  &c 25, 000  00 

89, 102  50 


COMMERCIAL  STATISTICS  CHIPPEWA   RIVER,    1879. 

248,932,000  feet  lumber,  at  |12  per  M $2,  987, 184  00 

1:55,152,000  shingles,  at  $2  per  M 270,304  00 

62,044,000  laths,  at  $1.25  per  M 77,555  00 

12,000,000  pickets,  at  $10  per  M    120,000  00 

16,000  railrrmd  ties,  at  40  cents  each 6,400  00 

25<J,000,000  piue  logs,  Beef  Slough,  at  $8  per  M 2,000,000  00 

Cost  of  running  out  248,9:^2,000  feet  of  pine  lumber,  at  50  ceut«  per  M.  124, 466  00 

Nuinlwr  of  steamboat.^  plying  on  the  river 4 

Number  of  tons  of  freight  carried 3, 420 

Numl>er  of  jiassenirers  and  raftsmen  carried 8, 730 

Amouut  received  for  carrying  freight  and  passengers $31, 746  00 

Steamboats  Minnie  Herman  and  Iowa  City  plied  between  Read's  Landing,  Minn., 
and  Eau  Claire,  Wis.  Steamboat  Monitor  nlied  between  Read's  Landing,  Minn.,  ana 
Durand,  Wis.  Steamboat  Phil  Scbeckel  plied  between  Read's  Landing,  Minn.,  and 
Dunville,  Wis. 


RKPORT  OF    MR.    GUY   WELI>*,    OVKHSKKU. 

Saint  Paul,  Minn.,  Devembtr  1,  1879. 

Sir  :  In  accordance  with  your  letter  of  instructions  of  September  6,  1879, 1  proceeded 
to  Read's  Landing  to  construct  and  repair  the  works  at  and  near  the  mouth  of  the 
Chippewa  River. 

|;Tiie  new  works  constructed  were  the  Little  Missouri  Dam,  330  feet  in  length,  to  close 
up  the  chaunel  which  ran  behind  an  island  of  that  name;  the  Flower-Pot  0am,  1,030 
feet  long,  to  close  uj>  a  channel  which  ran  between  the  right  bank  of  the  river  and 
Flower-Pot  Island ;  and  the  base  of  a  dam  across  Flower-Pot  Cut-off,  290  feet  in  length. 
These  works  are  all  situated  about  2^  miles  above  the  mouth  of  the  river. 

The  repairs  made  consisted  in  strengthening  the  west  jetty  at  the  mouth  of  the 
river  from  its  upper  end  down  the  river  a  distance  of  950  linear  feet,  and  of  placing 
additional  stone  on  the  east  jetty  at  points  where  it  had  settled. 

The  material  was  furnished  mostly  by  James  Mclntire,  he  being  the  lowest  bltlder 
in  open  market.  Work  was  commencea  on  the  16th  of  September,  and  was  continued 
until  the  20th  day  of  November,  when  it  was  suspended.  There  was  considerable  de- 
lay  in  the  progress  of  the  work  caused  by  low-water,  in  consequence  of  closing  all  the 

gates  of  the  dams  on  the  upper  rivers  between  the  21st  of  September  and  the  8tb  of 
•ctober,  and  after  that  by  the  high  winds,  which  interfered  with  the  collection  of 
rook  along  the  banks  of  Lake  Pepin. 

The  materials  used  in  construction  and  repairs  were  all  of  the  best  qaalitv  that 
could  be  obtained  in  that  vicinity,  the  rock  being  of  a  hard  and  durable  quality  of 
magnesiau  limestone.  The  brush  was  straight  and  of  the  kind  which  usually  grows  in 
the  bottom  lands  ahmg  the  river  in  that  vicinity,  consisting  principally  of  willow, 
yellow  birch,  soft  maple,  and  elm.  This  brush  was  made  into  fascines  from  14  to  15 
inches  in  diameter,  well  choked  and  well  tied  with  lath  yarn,  with  from  4  to  5  bands 
to  each  bundle. 

In  all  the  new  work  the  bases  of  the  dams  are  from  35  to  38  foet.  The  bottom  course 
was  24  feet  long,  of  solid  brush,  exclusive  of  the  tips.  The  next  course  above  was  20 
feet  long,  exclusive  of  tips,  and  laid  10  feet  further  up  the  stream  than  the  bottom 
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course.     This  projection  of  10  feet  of  the  lower  course  forms  an  apron,  which  breaksap 
the  overfall,  tnereby  preventing  the  back  action  of  the  water  irom  undermining  the 
dam,  which  often  occurs  t-o  dams  with  a  narrow  base  and  perpendicular  fall  on  the 
lower  side.     The  bottom  course  of  brush  was  made  into  mats  from  10  to  16  feet  wide, 
floated  into  place  and  sunk  bv  loading  them  with  stone  where  the  water  wm  mon 
than  4  feet  deep.    When  less  than  4  feet  deep  stone  was  only  thrown  on  the  tip«of  the 
brush  and  the  mats  flrmly  staked  down.     The  fascines  in  the  top  course  were  gener- 
ally laid  singly  and  the  whole  loaded  with  stone  from  18  to  20  feet  wide  and  1  foot 
deep  at  either  end  and  2  feet  deep  in  the  center,  making  the  top  of  the  dam  from  2  to 
2^  feet  al>ove  the  surface  of  low- water.    The  whole  work  was  economically  done,  and 
makes  a  good  showing  for  the  amount  of  money  expended.    It  has  also  accompliflbed 
the  object  for  which  it  was  built,  to  wit,  the  improvement  of  Flower-Pot  Bar. 

Abont  2,000  feet,  linear,  of  the  upper  end  of  the  west  jetty  was  originally  built  with 
a  base  so  narrow  and  on  a  foundation  so  precarious,  the  foundation  being  composed 
of  fine  sand  considerably  intermixed  with  sawdust,  that  it  did  not  withstand  tbecoa- 
stant  strain  upon  it.  During  high-water  this  strain  is  very  great,  as  the  whole  hfer 
is  confined  to  a  space  400  feet  in  width  between  the  jetties.'  No  part  of  the  work  wm 
swept  away,  but  the  sand  was  washed  out  underneath,  which  caused  a  settling,  in  places, 
from  3  to  5  feet.  Nine  hundred  and  fifty  linear  feet  of  this  jetty  was  strengthened  t^ 
season  by  widening  the  base,  on  the  side  removed  from  the  river,  with  fascines  of  brush, 
from  12  to  20  feet,  and  by  covering  this  additional  width  with  stone  to  a  depth  of  1 ;« 
2i  feet. 

l^e  appropriation  having  been  exhausted,  no  more  work  could  be  done  this  seasoB. 
The  remainder  of  the  west  jetty  should  be  widened  and  strengthened  as  soon  as  tlitre 
is  any  money  available  for  that  piu*pose.  Owing  to  the  extreme  width  of  the  river  at 
its  mouth,  before  any  government  improvement  was  made,  the  stream  at  that  poiBt 
was  unnavigable  during  all  the  low-water  season,  but  now  these  jetties  are  the  key 
.to  the  navigation  of  the  whole  rivar  and  should  be  strengthened  so  as  to  insure  th«r 
stability.  All  the  lumbermen  and  steamboatmen  unite  in  saying  that  the  baildinfaf 
these  jetties  has  been  of  more  benefit  every  year  to  the  commerce  of  the  river  tbaa 
the  whole  work  cost.     In  fact,  they  say  they  cannot  now  get  along  without  them. 

The  total  number  of  linear  feet  of  new  work,  built  this  season,  was  1,650.  The  total 
number  of  linear  feet  of  repairs  was  950,  besides  strengthening  several  weak  poiuu 
in  the  east  and  west  jetties. 

AH  the  work  done  this  season  has  consumed  the  following  amount  of  materials,  vii: 

For  new  work,  stone l,910.i 

For  new  work,  brush 2,706LS 

For  repairs,  stone 579,1 

For  repairs,  brush 586.7 

The  total  amonut  for  construction  and  repairs  is: 

CnlrfoyafdL 

Stone 2,489.3 

Brush 3,235.3 

In  the  month  of  October  last,  according  to  your  instructions,  I  made  a  hasty  recon- 
naissance of  the  river  from  its  mouth  to  £au  Claire,  the  head  of  navigation.  Goi^f 
np,  as  1  did,  on  a  steamboat,  when  the  river  was  ver>'  low,  t  had  a  good  opportanitT 
to  se^  all  the  obstructions,  both  natural  and  artificial,  to  the  navigation  or  the  river. 

The  natural  obstructions  consist  of  some  twelve  sand  and  ^avel  bars,  and  snap 
and  leaning  trees.  These  bai»  occur  at  points  where  the  river  is  wide  and  the  w»t«f 
spreads  over  a  broad  surface.  They  .can  easily  be  improved  by  a  system  of  wing-dam» 
composed  of  brush  and  stone,  to  contract  the  channel  and  confine  the  water  withii 
proper  limits.  The  worst  bars,  and  those  which  give  the  raftsmen  and  steamboatmen 
the  most  trouble  every  year,  are  generally  known  as  the  Ed  Rav,  Five-mile  Blnft',  Frtd 
Young,  Plum  Island,  Bear  Creek,  Fair  Play,  Hawkins'  Bend,  ftog  Hole,  Goose  Lak*. 
Rumsey,  and  Sevastopol  Bars.  In  addition  to  the  dams  necessary  to  improve  thfw 
bars,  tnere  would  be  several  other  short  dams  required  to  close  up  sloughs,  cnt-o4s 
and  small  channels  behind  islands. 

There  are  a  great  many  snags  in  the  river,  but  most  of  them  are  near  the  shorn 
where  they  can  be  avoided  by  boats  and  rafts,  yet  there  are  a  few  directly  in  the  chM- 
nel  where  boats  and  rafts  are  compelled  to  run,  which  ai*e  very  dangerous  and  shooM 
be  removed. 

There  are  a  great  many  leaning  trees  along  both  banks  of  the  river.  As  the  bank* 
undermine  they  fall  into  the  water,  the  limbs  become  imbedded  in  the  sand,  are  very 
much  in  the  way  of  boats  and  rafts,  and  are  hard  and  expensive  to  remove.  Thi 
cheapest  and  best  way  to  remove  them  is  in  winter,  when  the  river  is  entirely  frozen 
over,  by  **  falling"  them  on  the  ice,  trimming  otF  all  the  limbs,  and  cutting  the  bodies 
np  into  short  lengths  :  what  would  not  be  gathered  up  for  tire-wood  would  float  ont 
in  the  spring  with  tht»  ice  without  doing  any  damage. 
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LI  II  AC7« 

^ad  of  Beef  Slough  the  Mississippi  Logging  Company  have  constructed  in 
line  of  boom-piers,  over  1,300  feet  in  length,  that  diverts  all  logs  from  the 


The  artificial  obstructions  are  iKjom-piers,  sheer-booms,  floating  logs,  and  the  refuse 
from  Haw-mills. 

At  the  head 
the  river  a 

main  river  into  the  slough.  This  boom  is  a  great  oWniction,  as  it  is  very^difficult  for 
descendiug  rafts  to  pass  to  the  right  of  B<'ef  Slough  Island.  In  addition  to  this,  they 
have  constructed  a  brush  and  st«ne  dam  777  feet  long,  close  below,  and  parallel  with 
the  line  of  their  boom. 

This  boom  and  dam  deflect  at  least  one-fourth  of  the  water  into  Beef  Slough  that 
would  otherwise  come  down,  and  which  is  very  much  needed  in  the  main  river  below. 

At  Round  Hill,  about  half  a  mile  above  Beef  Slough,  the  same  compi^ny  has  con- 
structed a. line  of  boom-piers,  which  supports  a  sheer  boom  to  direct  all  tlie  logs  to  the 
left  bank,  so  that  they  will  float  insiae  the  sheer-boom  at  the  head  oi  the  slough 
below. 

At  the  end  of  this  sheer-boom  is  attached  a  swing-boom,  which  only  leaves  a  pas- 
sai^e  between  the  end  of  the  boom  and  the  rocky  bluff  of  about  130  feet  when  tho 
swm^  is  open,  and  when  it  is  closed  of  only  about  30  feet. 

This  is  a  hazardous  place,  as  the  current  is  very  swift  and  the  tendency  is  to  crowd 
boat«  and  rafts  against  the  rockv  shore. 

There  are  other  booms  o|i  the  river  which  are  more  or  less  oltstmctions  to  navigation. 
One  at  Porter's,  6  miles  below  Eau  Claire,  whicti,  when  closed,  spans  the  whole  widt)> 
of  the  river,  and  others  near  Eau  Claire  which  are  obstructiouB,  but  not  to  so  great  an 
extent  as  those  before  mentioned.  • 

Some  modified  plan'should  be  adopted  by  which  the  logging  interest  on  the  ojiepart 
iuid  the  rafting  and  boat  interests  on  the  other  could  best  be  subserved  without  ma- 
terial injury  or  inconvenience  to  either  party. 

Floating  logs  are  the  greatest  obstruction  to  steamboat  navigation.  At  times,  when 
the  loggers  make  their  "  drives,"  the  river  is  so  completely  crowded  with  logs  tnat  the 
boats  have. to  lay  up  several  days  at  a  time  ;  at  other  times  when  they  are  not  running 
8o  thickly  boats  run  great  risks  to  their  hulls  and  machinery  on  their  account,  for  it  is 
impoHMibie  to  avoid  striking  some  of  them.  The  only  way  this  can  be  remedied  is  to 
raft  the  logs  and  run  them  as  manufactured  lumber  is  now  run. 

Many  of  the  bars  heretofore  spoken  of  are  largely  composed  of  slabs,  edgings,  and 
sawdust,  the  refuse  of  saw-miUs  in  operation  on  the  river  above. 

At  the  saw-mill  at  Menominee  thev  have  adopted  the  plan  of  grinding  the  slabs  and 
edgings,  t.  e..  cutting  them  by  machinery  into  small  cnips,  which  float  off  without 
domg  much  narm,  as  they  are  not  as  liable  to  sink  and  assist  in  forming  bars. 

Upon  a  careful  examination,  I  find  that  stone  can  be  obtained  along  the  river  moie 
abundantly  and  conveniently  to  the  work  to  be  done  than  has  generally  been  sup- 
posed. At  I'^ve  Mile  Bluff  there  is  a  quarry  of  good  limestone,  simil^rr  to  that  ob- 
tained in  the  bluff  along  the  shore  of  Lake  Pepin.  Near  the  top  of  the  bluff,  opposite 
the  Fred.  Young  Bar,  I  saw  rock  cropping  out,  which,  I  have  since  been  informed,  is 
of  good  quality.  At  the  outlet  to  Dead  Lake,  about  14  miles  above  the  mouth  of  the 
river,  there  is  an  inexhaustible  quarry  of  good  hard  limestone,  which  can  be  v^ty 
eruiily  obtained,  and  will  not  have  to  be  hauled  more  than  40  rods  to  the  river.  At 
Round  Hill,  20  miles  above  the  mouth  of  the  river,  there  is  a  large  quantity  of  sand- 
stone, which  ham  been  used  for  a  number  of  years  in  the  boom-piers  at  tnat  place, 
which  does  not  deteriorate  by  the  action  of  the  weather.  Just  below  Nine  Mile  Island, 
and  at  other  }>oints  along  the  bank  of  the  river.  I  saw  plenty  of  sandstone,  whieh 
seems  to  be  of  the  same  (|uality  as  that  at  Round  Hill. 

There  are  seven  sand  banks  or  bluff's  along  the  river,  the  four  largest  of  which  are 
generally  known  as  the  Waulnjek,  Rumsey  Landing,  Mary  Dean,  and  Twelve  Mile  Yellow 
Banks,  whose  aggregate  length  is  about  21,000  feet,  and  whose  average  height  is  from 
80  to  120  feet. .  It  is  estimated  that  not  less  than  775,600  cubic  yards  of  sand  froi^i 
these  banks  slide  into  the  river  every  year.  They  arc  all  composed  of  very  fine  loose 
sand,  and  the  face  of  the  banks  stands  at  a  slope  of  about  1^  horizontal  to  1  perpep- 
dicular.  In  all  cases  the  river  impinges  against  them,  uudeniiiniug  tho  base  or  toe  of 
the -slope,  which  causes  the  sand  to  slide  into  the  river  until  it  has  again  resumed  its 
originafl  slope. 

There  are  no  sand-bars  in  the  river  above  these  banks  that  cause  any  trouble,  but 
below  there  are  constantly  shifting  bars  moving  down  at  every  flood  until,  finally, 
they  are  washed  into  the  Mississippi  River,  where  they  cause  a  great  deal  of  trouble 
by  their  never-ceasing  flow.  Any  improvement  which  will  prevent  this  sand  from 
sliding  into  the  river  will  be  of  great  benefit  not  only  to  the  navigation  of  the  Chip- 
pewa but  to  the  Mississippi  Kiver  as  well. 

Very  respectfully,  your  obedient  siTvaut, 

Grv  Weli-s, 

Overseer, 

Maj.  Chas.  J.  Allex, 

Captain,  Corps  oJ\tJn<jineer8,  C.  S.  A, 
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Us. 

IMPROVEMENT  OF  SAINT  CROIX  RIVER,  WISCONSIN. 

The  work  for  the  improvement  of  this  stream  has  consisted  in  the  re- 
moval of  obstructions  from  the  channel,  as  snags,  stamps,  old  cribft, 
leaning  trees,  and  bars,  and  the  closing  of  secondary  channels  by  means 
of  wing-dams,  the  protection  of  caving  bends,  &c. 

Gauge-rods  were  established  and  kept  up  during  the  year ;  their  read- 
ings recorded  and  plotted. 

There  have  been  removed,  during  the  year,  520  snags,  87  stumps,  41 
cubi<5  yards  bowlders,  290  leaning  trees,  4  cribs.  And,  in  additioo^ 
1,100  cubic  yards  of  brush,  and  2,562  cubic  yards  of  stone  quarried  and 
placed  in  position,  together  with  about  100  cubic  yards  of  gravel.  Aboot 
1,000  linear  feet  of  shore  were  graded  and  revetted,  and  about  575 
linear  feet  of  dams  built. 

For  a  portion  of  the  shore  protection  at  Marine  Bar,  matresses  of  mill 
edgings  were  used,  and,  so  far,  they  hav  e  answered  t'ery  well  in  lieu  of 
brush  fascines.  Temporary  relief  to  navigation  was  also  afforded  by 
scraping  bars  with  railroad  scrapers  and  horses.  The  trade  and  conh 
merce  of  the  stream  have  l)een  in  the  general  greatly  benefited  by  the 
work  done  to  date. 

A  survey  of  the  river  from  Taylor's  Falls  to  Prescott,  at  the  confla- 
ence  of  the  stream  with  the  Mississippi  Kiver,  was  made  during  the 
season,  in  accordance  with  authority  from  tlie  Chief  of  Engineers 
granted  in  letter  of  the  23d  of  May,  1879.  The  reiwrt,  based  upon  this 
survey,  and  dated  January  26,  1880,  is  printed  as  House  Ex.  Doc.  No. 
40.  Forty-sixth  Congress,  second  session,  and  is  herewith  resi^ectfullj 
reierred  to. 

The  estimate  of  cost  for  improvement  of  the  stream  from  Taylor's 
Falls  to  its  mouth,  based  upon  the  survey  referred  to  (and  to  supersede 
the  estimates  rendered  in  former  reports),  is  placed  at  $(j0,250.  The  sum 
•of  $25,000  can  be  profitably  exj^ended  during  the  fiscal  year  endini 
June  30,  1880. 

Congress,  by  act  approved  June  14,  1880,  appropriated  for — 

Improving  8aint  Croix  River,  below  Taylor^s  Falls:  Continuing  the  improvemeDt 
ten  thousand  dollarn,  of  which  sum  three  hundred  dollars,  or  so  much  thereof  M,iB 
the  opinion  of  the  engineers  in  charge,  may  be  necessary,  snail  be  expended  in  the  in- 
provement  of  the  slough  on  the  east  side  of  said  river,  known  as  the  canal  betweet 
Four-Mile  Island  and  the  foot  of  the  Saint  Croix  Boom. 

With  the  remainder  of  funds  on  hand  from  former  a)>propriations  and 
the  late  appropriation,  it  is  proposed  to  continue  the  work,  as  begun,  by 
day  labor  and  purchase  of  matmals  in  open  market. 
'  Capt.  O.  F.  Knapp.  overseer  in  local  charge  of  the  work  during  tlie 
past  year,  is  entitled  to  credit  for  his  zeal,  efiiciency,  and  success  in  secur- 
ing work  at  economical  rates. 

During  the  months  of  May  and  June  past,  extraordinary  high-water 
prevailed  in  the  Saint  Croix  River,  one  probable  result  of  which  will  be 
that  marked  changes  will  be  seen  in  bends,  channels,  and  crossings  upon 
the  subsidence  of  the  waters. 

The  Saint  Croix  River  is  in  the  coUection  district  of  Minnesota.  The  nearest  port 
of  entry  is  that  of  Duluth,  Minn.,  at  which  port  $4,964.51  of  revenue  were  ooUected 
rfbr  the  fiscal  year  ending  June  30,  1880. 
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ABSTRACT  OF  APPROPRIATIONS   MADE    FOR    IMPROVING   SAINT  CROIX   WVER,    WISCON- 
SIN  AND   MINNESOTA. 

By  act  approved  June  l-^^,  l^i?* $10,000  00 

By  act  approved  March  3,  1879t 8,000  00 

By  act  approved  June  14,  I'^'^O 10,000  00 


.Total 28,000  00 

Amount  (estimated)  required  for  completion  of  existing  project 50, 250  00 


Money  statement. 

Joly  1,  1879,  amount  available $9,113  10 

Amount  apjiropriat^d  by  act  approved  June  14,  1880 10, 000  00 


July  1,  1880,  amount  expended  during  fiscal  vear 8, 923  78 

July  1, 1880,  outstanding  liabilities \ 40  00 


$19, 113  10 


8,963  78 


July  1,  1880,  amount  available 10,149  32 


Amount  (estimated)  rec^nired  for  completion  of  existing  project 1 50, 250  10 

Amount  that  can  be  profitably  expended  in  fiscal  year  ending  J une  30, 1882 . .     25, 000  00 

COMMERCIAL  STATISTICS. 

There  were  three  steamboats  engaged  exclusively  in  the  freight  and  passenger  busi- 
ness during  the  season  of  1879,  and  from  the  statement  it  will  be  seen  that  the  business 
done  was  large,  when  we  take  into  consideration  the  length  of  river  traversed — less 
than  60  miles. 

Of  the  three  steamlK>ats  engaged,  two  plied  between  Hastings  and  Taylor's  Falls, 
and  conunenced  running  on  the  opening  of  navigation;  and  the  other  between  Still- 
water and  Taylor's  Falls,  and  commenced  running  about  August  1. 

The  figures  below  were  furnished  by  Capt.  John  H.  Reaney,  of  Saint  Paul,  Minn., 
and  Capt.  David  Hays,  of  Osceola  Mills,  Wis.,  under  whose  directions  the  boats  were 
operated. 


c 
c 


CommcHlitiMB. 


Floor 

Wheat 

Merchandise,  Slc 

Lime 

Bran  and  feed  ... 

Barley 

Oats 

Salt 


It 


7,  490,  000 

17,244,000 

9,  :i43,  400 

808.800 

87,500 


90,000 


c   • 

is 

».  c  ^ 

Is? 
I** 


810.600 
8,  207,  895 
2,  486,  000 
1,  074,  300 

'eo.ooo 

24,000 


J 


It 


8,800,600 

25, 451, 895 

11,829,400 

l,943,]0a 

87,500 

60,000 

24,500 

90,000 


Total ;  35,123,700     12,663,295  <    47,786,995 


Passengers  carried  up  and  down  ntream  number  9,244. 

LOGS,    LLMBEH,    RAFTING,    AND   TOWING,    SEASON    OF    1879. 

Logs. — About  202,000,000  feet  of  Iocs  passe<l  through  the  Saint  Croix  boom  during 
the  season,  which  at  an  estimated  value  of  $8  per  thousand  feet  would  represent  the 
sum  of  $1,616,000.    At  the  boom  about  300  men  were  employed  for  100  days. 

•Appropriated  before  adoption  of  existing  project.  See  report  of  Capt.  Chas.  J. 
Allen,  January  2*5,  lc?«0,  printed  as  House  Ex.  Doc.  No.  40,  Forty-sixth  Congress,  sec- 
ond session. 

tTwo  thousand  dollars  of  this  amount  was  used  in  making  survey  of  the  river  from 
Taylor's  Falls  to  Pres<jott  during  1879. 

t  See  report  of  survey  of  this  stream  made  in  1879,  under  date  of  January  26,  1880, 
printed  as  House  Ex.  Doc.  No.  40^  Forty-sixth  Congress,  second  seasiou. 
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Tjumher, — There  are  10  large  saw-mills  on  the  Saint  Croir  River,  7  of  wMcli  are  lo- 
cated at  and  around  Stillwater,  the  head  of  Lake  Saint  Croix,  and  engaged  in  Uie 
manufacture  of  lumber.    These  7  mills  cut  during  the  season — 

Lumber feet..  83,727,98(1 

Shingles feet..  40,238,0a0 

Lath ; number..  27,600,000 

The  estimated  value  of  these  products  is  about  $1,170,000.  Expense  attach^  to 
manufacturing  the  above,  $200,000.  The  other  3  mills  are  located  at  Franconia, 
Marine,  and  Glenmore.    The  amount  of  their  business  is  stated  as  follows : 


Localities. 


Shin^en. 


Feet 

Glenmore |    6,000  000 

Pranconia i    1,000,000 

Marine i    3.000,000 

,  10.000,000 


Number. 
800.000 


400,000 


ynmber. 
2,000.0« 
300.001 

i,oo6,m 


1,200,000  ;       3,300,M 


Eafting, — This  branch  of  business  requires  a  large  force  of  men,  carried  on,  however, 
during  only  a  portion  of  the  season.  The  amount  of  lumber  raftcvd  foots  up  102,000,009 
feet. 

Towing. — There  were  12  steamboats  engaged  in  the  towing  of  lumber  and  logs  to 
various  points  during  the  season.    The  amount  towed  was  117,000,000  feet. 


U6. 

IMPROVEMENT  OF  MINNESOTA  RIVER,  MINNESOTA. 

No  work  was  done  during  the  fiscal  year  ending  June  30,  1880,  there 
being  no  funds  on  hand  for  such.  The  project  for  the  improvement  of 
the  river  from  its  mouth  to  South  Bend  (see  report,  page  364,  Part  I,  An- 
nual Beport  of  the  Chief  of  Engineers  for  1875)  contemplated  the  constnic- 
tion  of  five  locks  and  dams,  and  the  removal  of  snags,  overhanging 
trees,  and  drift-piles,  at  an  estimated  cost  of  $733,868.63,  which  is  the 
existing  project. 

This  work  is  in  the  collection  district  of  Minnesota.  The  nearest  port  of  entij  is 
Duluth,  Minnesota,  at  which  place  the  revenue  collected  during  the  fiscal  jear  endiof 
June  30,  1880,  amounted  to  $4,964.51. 

There  are  no  commercial  statistics  to  report. 

ABSTRACT    OF    APPROPRIATIONS  MADE    FOR    THE    IMPROVEMENT  OF  THE   MINNESOTA 

RIVER. 

By  act  approved  March  2,  1867 |37,500 

By  act  approved  July  11,  1870 lO.OlV 

By  act  approved  March  3, 1871 lO.OOO 

By  act  approved  June  10,  1872 10,000 

By  act  approved  March  3,  1873 10,000 

By  act  approved  June  23.  1874* 10,000 

By  act  approved  March  3,  1875 10,000 

By  act  approved  August  14,  1876 10,000 

By  act  approved  June  18,  1878 10. 000 

Total 117.500 

Amount  (estimated)  required  for  completion  of  existing  project  (see  page  364, 
Part  I,  Annual  Report  of  Chief  of  Engineers  for  1875),  $733,^.63. 

*  Used  in  making  survey  of  river. 
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Money  statement 

July  1,  1879,  amount  available $215  00 

July  1,  1880,  amount  expended  during  fiscal  year |141  00 

Jaly  1,  1«80,  outstanding  liabilities '. 9  00 

July  1,  1880,  amount  available 65  00 

~^         — '~-* 

Amount  (estimated)  required  for  completion  of  existing  project 733. 868  63 

Amount  that  can  be  profitably  expended  in  fiscal  year  ending  June  30,  1882 

(for  commencement  of  lock  and  dam  at  Little  Rapids) 75, 000  00 


U  7. 
IMPROVEMENT  OF  RED  RIVER  OF  THE  NORTH,  MINNESOTA  AND  DAKOTA. 

The  operations  below  Moorhead  have  consisted  in  dredging  a  chan- 
nel through  the  clay  bars  to  a  point  a  few  miles  below  the  mouth  of  the 
Cheyenne  River,  or  about  45  miles  below  Moorhead,  so  as  to  afford  a 
width  of  water-way  of  not  less  than  60  feet  and  a  depth  at  lowest  stage 
not  less  than  2^  feet. 

The  material  removed  has  been  generally  dumped  in  the  concave 
bends,  forming  training  walls,  while  at  the  same  time  the  deposit  of 
material  has  maintain^  the  area  of  cross-section  of  the  stream  after 
excavation,  the  same  as  it  was  before  any  work  was  done,  thus  counter- 
balancing almost  effectually  any  tendency  to  lower  the  surface  of  the 
water  in  the  pools  above. 

It  was  apprehended  that  the  floods  of  this  year  might  possibly  caiTy 
away  the  tough,  leathery  clay  and  nullify  the  expected  advantages,  but 
observations  thus  far  prove  the  advantages  ot  dumping  the  material 
as  has  been  done.  As  the  lower  river  is  reached  more  sand  appears, 
Hud  it  is  possible  that  some  means  will  have  to  be  resorted  to  in  order 
to  hold  the  dumi>ed'  material  in  place  so  as  to  secure  its  permanency  as 
wing  or  training  walls.  The  result  has  been  thus  far  greatly  beneficial 
to  navigation,  the  shipments  of  wheat  being  tenfold  over  those  in  1878. 
Oareftil  gauge-readings  throughout  the  extent  of  river  dredged  do  not 
show  a  variation  of  more  than  1  inch  in  the  stage  of  water  in  the  pools 
following  the  excavation  of  the  shoals.  The  work  has  been  done  by  day 
labor  and  purchase  of  materials  in  open  market,  the  United  States  own- 
ing the  dredge.  During  a  portion  of  the  season  the  dredge  worked  day 
and  night  in  order  to  assist  commerce  as  much  as  possible.  Locomotive 
headlights  lighted  the  ground. 

Examinations  of  the  river  were  made  from  Frog  Point  to  the  Manitoba 
boundary  line,  in  order  to  connect  the  detatched  surveys  made  iu  1877. 

Early  in  January  last,  in  accordance  with  authority  from  the  Chief  of 
Engineers,  in  letter  dated  the  8th  of  December,  1879,  and  in  response 
to  numerous  petitions  from  citizens  above  Fargo,  a  party  was  organized 
to  remove  leaning  trees,  snags,  &c.,  from  the  channel  between  Fargo  and 
Fort  Abercrombie,  in  order  to  facilitate  high-water  navigation  between 
those  points,  large  quantities  of  wheat  awaiting  shipment  from  Abercrom- 
bie to  Fargo.  The  party  operated  on  the  ice,  it  being  fitted  out  with 
tents  and  the  necessary  teams.  The  winter  was  severe;  nevertheless, 
excellent  and  economical  work  was  accomplished,  and  the  results  have 
this  year  greatly  benefited  that  portion  of  the  stream  and  the  country 
adjacent.    .. 

The  niaterals  removed  from  both  sections  of  the  rivet  lot  W\^  ^^^^aX 
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year  eudiug  June  30, 1880,  are  57,610  cubic  yards  dredged  material,  and 
219  suags  and  4,151  overhanging  trees. 

A  lock  and  dam  at  Goose  Rapids,  previously  reported  upon,  would  be 
much  more  satisfactory  as  an  improvement  at  that  point,  on  account  of 
the  accumulation  of  fall  and  the  bed  of  the  stream  being  composed  of 
gi-avel  and  heavy  bowlders,  than  would  improvement  by  means  of  dredg 
ing  and  wing-dams. 

The  cost  of  this  proposed  lock  and  dam  is  placed  at  $190,000,  reckon- 
ing from  present  prices.  If  this  work  be  ordered,  at  lea^t  $  1()0,000  should, 
be  appropriated  with  which  to  commence  the  work. 

An  estimate  of  the  cost  of  improving  the  river  from  Breckenridge  to 
the  northern  boundary  line  was  given  by  Major  Farqahar  in  bis  report 
of  December  8,  1877,  as  follows : 

1.  For  improving  the  river  from  Breckenridge  to  Moorhead  for  raft  and 

flat-boat  navigation $22, 6©  '^ 

S.  For  improving  the  river  from  Moorhead  to  the  head  of  Goose  Kapids 4, 426  iw 

3.  For  lock  and  dam  below  Goose  Rapids 219, 2^7  i*- 

4.  For  improving  the  river  from  Goose  Rapids  to  Frog  Point 22jScOt' 

5.  For  improving  the  river  from  Frog  Point  to  the  boundary  line 85, 338  f* 

Total ^ .364,5fl6i: 

The  work  to  consist,  besides  the  construction  of  the  lock  and  dam.  is 
dredging,  removal  of  obstructions,  as  snags,  &c.,  and  construction  d 
dams  and  jetties. 

Experience  has  shown  that  the  cost  of  item  2  is  altogether  too  low; 
and  revised  estimates  of  the  cost  of  the  lock  and  dam  reduce  it  lo 
♦190,000. 

The  other  items  ai)i>ear  to  be  nearly  correct.  The  officer  in  charge,  ii 
making  the  estimates,  had  not  the  means  of  arriving  at  prices  that  tbf 
recent  development  of  the  country  now  affonls.  The  total  is  not,  proV 
ably,  far  from  correct. 

Congress,  by  act  .approved  June  14, 1880,  appropriated  for — 

Improving  Red  River  of  the  North,  Minnesota  and  Dakota:  continuiug  illJI»n•v^ 
meut,  twenty  thousand  doHars. 

No  mention  is  made  in  this  act  of  a  lock  and  dam.  It  is  pioposed  with 
this  appropriation  and  the  balance  of  funds  on  hand  from  former  appp»^ 
priations  to  continue  the  improvement  as  begun  and  authorized,  towanl* 
the  boundary  line. 

An  additional  dredging-ma<jhine  would  prove  of  much  value  ;  but  tbr 
cost  of  another  one  and  tender  would  probably  approa<.*h  $20,000,  a* 
there  is  little  likelihood  that  another  dredge  can  ever  be  constructed  a* 
such  low  rates  as  was  the  one  built  in  1878  and  1879.  But  little  wouKi 
then  be  left  with  which  to  operate  a  new  machine. 

The  sum  of  $150,000  can  be  profitably  expended  upon  this  stream 
during  the  fiscal  year  ending  June  30,  1882,  which  sum  will,  it  is  hoped. 
be  appropriated  on  account  of  the  great  importance  of  the  lied  Itiver  as 
an  avenue  for  the  transportation  of  wheat  and  other  products  both  within 
and  without  the  limits  of  the  United  States.  The  amount  asked  for  couW 
be  expended  to  advantage  nearly  in  the  following  proportions,  viz : 

In  removing  ohatructions  to  navigation  between  Breckenridge  and  Moor- 
head (Fargo  is  directly  opposite  Moorhead) ^10,  um.>  <" 

In  buihling  a  new  dredge,  and  in  operating  it  and  the  one  now  ownt'd  bv 
the  United  States \     40,0(W  '^> 

Commencing  lock  and  dam  at  Goose  Rapids 10U,lH)»>  'i"* 

Total  that  can  be  profitably  expended  between  Breckenridge  and  the     ' 
boundary  line  during  fiscal  year  ending  June  30, 188*2 : .   15(»,  (MM)  iw 
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For  details  of  the  work  done,  reference  is  respectfully  made  to  the  ap- 
pended report  of  Mr.  Charles  Wanzer,  assistant  engineer  in  local  charge, 
whose  efficiency  and  economical  management  entitle  him  to  great  cre£t. 

The  Red  River  of  the  North  is  in  the  coUection  district  of  Minnesota,  of  which  Pem- 
bina is  the  port  of  entry.  The  district  of  Minnesota,  however,  embraces  all  of  the 
State  of  Minnesota  (except  the  waters  of  Lake  Superior)  and  aU  of  Dakota  Territory, 
with  depaty  collectors  at  Saint  Paul  and  Saint  Vincent,  Minn.,  and  Bismarck,  Dak. 

The  amount  of  revenue  (duties  and  fees)  collected  at  Pemoina  and  Saint  Vincent 
during  the  fiscal  year  ending  June  30,  1880,  is  $16,554.35. 

ABSTRACT  OF  APPROPRIATIONS  MADE  FOR  IMPROVING  RED  RIVER  OF  THE  NORTH,  MIN- 
NESOTA, AND  DAKOTA. 

By  act  approved  August  14,  1876. $10,000  00 

By  act  approved  June  18,  1878 30,000  00 

By  act  approved  March  3, 1879 25,000  00 

By  act  approved  Jime  14,  1880 20,000  00 

Total ., 85,000  00 

Original  estimate  for  completing  existing  project 335, 310  18 

Remainiug  to  be  appropriated 250,310  18 

Money  statement 

July  1,  1879,  amount  available $41,304  39 

An^ount  appropriated  by  act  approved  June  14, 1880 20, 000  00 

$61,304  39 

July  1,  1880,  amount  expended  during  fiscal  year 14, 200  61 

July  1,  1880,  outstanding  liabilities 957  36 

15, 157  97 

July  1,  1880,  amount  available 46,146  42 

Amount  (estimated)  required  for  completion  of  existing  project 250, 310  18 

Amount  that  can  be  profitably  expended  in  fiscal  year  ending  June  30,  1882 : 

For  lock  and  dam  at  Qoose  Rapids $100,000  00 

For  buildiuff  new  dredge  and  dredging  between  Moorhead  and 
boundary  line 40,000  00 

For  removal  of  obstructions  between  Breckenridge  and  Moor- 
head       10,000  00 

150, 000  00 


COMMERCIAL  STATISTICS. 


Freight  received  and  shipped  during  season  of  1879. 


By  what  line. 


Steamer  Grandin . . . 

BieamerPlack 

Do 

flat-boats 

Do 

Bed  River  Tranapor 
tation  Company. 

Total 

100  E 


II 


2,522,949 

800,000 
240,000 

677.860 
17, 817, 190 

7, 040, 390 


28,998,389 


Where  received. 


Fargo. 


do 


Fort  Aberorombie . . . . 


do    .. 

Moorhead 


Saint    Vincent    and 
Fisher's  Landing. 


Destination. 


Way 


....do 

Fargo  (k,  Moor- 
head. 

..    do   

Winnipeg  and 
Fort  Garry. 

Winnipeg 


I 
II 


5,431,683 
1.200,000 


88,650 


6,720,342 


Destinatimi. 


Fargo  A,  Moor- 

h^id. 
....do 


Saint  Vincent 
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The  number  of  passengers  carried  is  not  stated,  but  it  is  known  to  be  larf^e.  In  W^ 
tbe  Red  River  Transportation  Company  alone  carried  about  13,190.  During  the  fall 
of  1879  there  was  shipped  to  Moorhead,  from  points  down  the  river,  92,000  bushels  of 
wheat  of  that  year's  narvest.  During  the  year  1878,  and  of  the  harvest  of  the  same 
year,  there  was  shipped  but  13,000  bushels,  an  increase  of  79,000  bushels  in  1879  over 
that  of  1878,  which  increase  was  entirelj*  due  to  the  working  of  the  United  States 
dredge,  as  all  other  conditions  were  the  same  except  that  the  low^est  stage  of  water 
was  m  1879. 

'  It  is  estimated  that  the  tonnage  for  1880  will  be  at  least  double  that  of  1879,  owing 
to  the  fact  of  continued  high-water  this  season  in  connection  with  the  continued  woii 
of  dredging. 

As  a  matter  of  general  information  the  following  estimate  of  the  amount  of  wheat 
raised  in  the  Red  River  Valley  in  1879  is  submitted  : 

Buihfek 

Clay  County,  Minnesota 640,000 

Wilkin  County,  Minnesota 300,000 

Polk  County,  Minnesota 510,000 

Marshall  County,  Minnesota 75,000 

Kittson  County,  Minnesota 150,000 

Richland  County,  Dakota 150,000 

CassCountv,  Dakota I l,3O0,0W 

Traill  County,  Dakota 900,OOiJ 

Grand  Forks  County,  Dakota 500,  OOi' 

Pembina  County,  Dakota 150,000 

Total 4,675,000 


RKPORT  OF   MR.    CHARLES   WANZER,   ASSISTANT  KNGINEER. 

Red  River  op  the  North,  June  30,  1880. 

Major  :  In  accordance  with  your  instructions,  this  report  of  operations  conducted 
by  me,  under  your  supenision,  on  the  Red  River  of  the  Worth,  during  the  past  fiacal 
year,  is  respectfully  submitted. 

The  operations  have  consisted  in  the  constant  running  and  working  of  the  dredge, 
an  examination  of  the  river  from  Frog  Point  (which  place  was  the  terminal  point  of 
Colonel  Farquhar's  survey)  to  the  United  States  boundary  line,  a  short  survey  on 
Grooso  Rapids  in  connection  with  the  proposed  location  of  a  lock  and  dam,  and  tb^ 
clearing  out  of  snags  and  overhanging  trees  on  that  portion  of  the  river  between  old 
Fort  Abercrombic  and  Moorlieiid. 

I.— DREDGING. 

This  work  has  been  carried  on  in  the  same  manner  as  detailed  in  my  report  of  June 
30,  1879,  and  with  good  general  success. 

The  effect  of  the  work  has  been  beneficial  in  every  particular,  and  steamboat  ami 
other  river  men  all  bear  favorable  testimony  to  the  results  obtained.  In  every  caw 
it  has  been  found  advisable  to  excavate  so  a^  to  leave  the  channel  (where  it  is'nata- 
rally  located)  on  or  near  the  points  instead  of  in  the  bends ;  the  greater  depth  of  wat« 
being  invariably  (as  stated  in  my  last  report)  on  the  side  of  the  river  convex  to  tk 
axis  of  the  stream,  and  this  condition  holds  true  from  Fort  Abercrombie  above  Moor- 
head  to  the  gravel  beds  of  Goose  Rapids,  and  is  entirely  due  to  the  slides  from  the 
steep  clay  banks  touching  the  bends  of  the  river. 

The  general  plan  of  the  work  from  Moorhead  to  the  mouth  of  the  Cheyenne  River 
has  been  to  excavate  through  the  shoals  a  channel  of  at  least  60  feet  in  width  and^i 
low-wat«r  depth  of  at  least  2.G  feet.  The  work  done  on  tliis  part  of  the  river  does  noi 
pretend  to  be  perfected,  but  was  hurried  through  in  order  to  render  as  much  aid  »^ 
possible  to  the  transportation  of  last  season's  crops,  and,  at  the  same  time,  every  yard 
of  earth  moved  was  in  conformity  to  what  must  eventusdlj*  become  the  settled  method 
of  improving  the  river.  Great  care  was  taken  in  all  cases  to  measure  cross-sections  of 
the  river  where  any  work  was  to  be  done  ;  these  areas  were  computed  and  the  exca- 
vated material  was  so  deposited  in  the  form  of  training  dams  as  to  contract  the  stream 
sufficiently  to  counterbalance  the  increased  areas  naturally  obtained  by  dredging,  thiu 
avoiding  the  anticipated  danger  of  draining  the  river  above  the  work.  These  train- 
ing dams  were,  in  all  cases,  made  on  the  side  of  the  river  concave  to  its  axis,  and  Hh* 
only  effect  of  high- water  this  spring  has  been  to  flatten  out  the  dams  somewhat,  aiwi 
to  ciej)08it  the  material  further  Vixto  the  Iwwds-,  a  fact  to  be  desired. 
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Daily  gauges  were  kept  both  below  and  above  the  work,  and  satisfactory  proof  that 
the  dredging  has  caused  no  draining  of  the  river  is  furnished  by  the  fact  that  during 
the  whole  season  the  daily  temporary  gauges  kept  on  the  work  checked  at  all  times 
within  (^  of  a  foot  with  the  permanent  gauge-readings  above  the  dredge  at  Moorhead. 
The  work,  since  spring,  has  been  entirely  below  the  mouth  of  the  Cheyenne  River  and 
has  been  thoroughly  done.  The  excavated  material  has  all  been  deposited  on  the 
banks,  above  low-water  mark,  at  least  5  feet.  This  has  required  in  most  places  that 
the  dredge  should  make  2  cuts  at  each  place  to  be  improved,  and,  to  avoid  expensive 
reliandling,  the  excavated  material  has  been  thrown  or  dumped  on  a  barge  attached 
to  the  dredge,  with  a  slide  arranged  on  it  which  throws  the  spoil  a  distance  in  the 
clear  of  23  feet  from  the  side  of  the  dredge.  This  slide  has  a  slope  of  1  in  3,  and  with 
the  aid  of  water  forced  through  a  hose  discharges  the  material  as  desired. 

The  total  number  of  miles  of  river  gone  over  by  the  dredge  during  the  year  is  about 
36,  and  the  entire  length  of  continuous  excavation  is  a  trifle  over  5  miles.  The  total 
nnmber  of  yards  of  earth  removed  during  the  year  is  57,610. 

During  the  season  of  1879  the  river  was  open,  free  of  ice,  and  capable  of  navigation 
for  a  period  of  208  days,  and  was  clear  again  of  ice  on  April  14  of  this  year.  Some 
difiicnlty  was  experienced  last  year  in  obtaining  the  necessary  fuel  for  running  the 
dredge,  at  moderate  prices,  especially  toward  the  latter  part  of  the  season,  but  this 
obstacle  has  been  overcome  for  the  present  season  by  the  purchase  of  some  wood  dur- 
ing the  past  winter  which  is  now  being  saved  for  emergencies  in  the  coming  fall. 

At  this  point  it  is  but  proper  to  mention  to  you  the  courtesies  extended  to  the  work 
by  the  steamboat  men  on  the  river,  and  especially  by  the  general  and  suboffioials  of 
the  Grandiu  line;  they,  in  all  cases,  attesting  their  interest  in  the  work  by  officially 
and  pei"80ually  doing  everything  in  their  power  which  could  aid  me  in  the  conduct  of 
affairs. 

Below  I  submit  a  table  of  the  tonnage  of  the  river  during  the  season  of  1879,  and  an 
estimate  of  the  amount  of  whi^at  raised  in  the  Red  River  Valley  during  that  season, 
and  will  only  add  that  there  is  one  fact  which  demonstrates  the  good  results  of  the 
government  improvements,  viz :  That  there  were  shipped  to  Moorhead,  from  down 
the  river,  92,000  busluds  of  wheat  during  the  fall  of  1879,  of  that  year's  harvest,  as 
against  13,000  bushels  capable  of  being  shipped  over  the  same  portion  of  the  river  in 
1878,  of  that  year's  harvest.  This  increase  was  entirely  due  to  the  working  of  the 
dredge,  as  all  other  conditions  were  the  same  excepting  that  the  lowest  stage  of  water 
was  III  1879.  The  tonnage  of  the  river  for  this  year  is  safely  estimated  to  bo  at  least 
double  of  last,  owing  to  the  fact  of  continued  high- water  this  season  in  conjunction 
with  the  continued  work  of  dredging.  The  stage  of  water  since  the  opening  of  navi- 
gaiiou  has  b«*en  very  favorable  for  boating  purposes,  the  gauge  below  the  Cheyenne 
River  showing  an  average  of  about  6  feet  above  low-water  and  an  average  discharge 
of  over  2,000  cubic  feet  per  second,  as  against  a  low-water  discharge  of  less  than  1,000 
feet. 

The  machinery  of  the  dredge  has  proved  itself  equal  to  all  that  was  expected  of  it. 
This  season,  *'  hog,"  or  bearing  chains,  and  supports  to  the  boiler  have  been  added  to 
the  hull. 

The  dredge  and  barges  have  been  n^calked  and  painted,  and  duplicate  castings  of 
the  different  parts  of  the  machinery  that  were  wearing  out  have  been  purchased.  The 
dredge  is  now  as  strong  and  in  as  good  condition  as  when  it  wan  first  built. 

II. — THE   EXAMINATION   OF    THK    RIVER    FROM    FROG    POINT    TO    THE    INTERNATIONAL 

BOUNDARY   LINE. 

The  method  of  making  this  examination  was  the  taking  of  channel  soundings  the 
entire  distance  and  topographical  notes.  All  soundings  were  located  in  reference  to 
known  i>oints  and  checked  on  every  east  and  west  section-line  of  the  Minnesota  govern- 
ment land  sarvey  as  they  cut  the  river.  The  total  distance  from  Frog  Point  to  the 
boundary  line  is  98  miles  by  land,  and  180  by  river.  The  total  fall  of  the  low-water 
river  surface  for  this  distance  is  49  feet,  or  an  average  slope  of  0.27  foot  per  mile. 

The  results  of  the  examination  are,  in  general  terms,  given  below,  the  river,  for 
this  purpose,  being  divided  into  five  sections : 

1.  From  Fi-og  Point  to  Grand  Forks^  Dakota. — The  distance  between  these  two  points 
is  by  land  22  miles  and  by  river  35.  The  fall  or  slope  for  this  distance  is  12.8  feet,  giving 
an  average  slope  per  mile  of '0.365  foot.  This  section  of  the  river  is  by  far  the  best  por- 
tion that  is  situated  within  the  limits  of  the  United  States.  The  banks  are  high  and 
on  the  Minnesota  side  well  timbered  with  oak,  ash,  and  elm  for  a  distance  of  2  miles 
back  from  the  river.  On  the  Dakota  side  the  quality  of  the  timber  is  the  t»ame,  but 
the  belt  is  much  narrower.  A  line  drawn  from  point  to  point  of  the  Dakota  bends 
would  include  nearly  all  the  timbered  country.  The  obstructions  in  this  section  of 
the  river  consist  of  13  snags,  4  overhanging  trees,  and  1  gravel  bar  which  woald  be 
easily  removed  by  dredging.  With  the  exception  of  this  bar  no  place  was  lound  with 
a  low-water  sounding  of  less  than  4  feet,  and  the  general  c\\aTiYVft\  \\\vV\<LaX^ii^  «*  ^c^Wi 
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of  from  6  to  10  feet.  The  river  has  a  varying  width  of  from  100  to  200  feet,  and  differs 
from  the  section  above  Goose  Rapids  in  the  fact  that  the  channel  is  in  nearly  aU 
cases  in  the  middle  of  the  river.  The  bottom  throughout  the  whole  distance  is 
gravelly  and  full  of  small  bowlders,  and  consequently  not  liable  to  sudden  changes. 

2.  From  Grand  Forks  to  the  mouth  of  the  Turtle  Hiver. — Grand  Forks  is  situated  in 
Dakota  directly  opposite  the  junction  of  the  Red  Lake  River  with  the  Red  River  of  the 
North.  On  receiving  this  tributary  (by  far  its  largest)  the  Red  River  widens  from 
137  to  250  feet.  At  this  point  the  first  appearance  of  bars  formed  of  clay  mixed  with 
sand  takes  place.  This  sand  is  all  thrown  out  of  the  Red  Lake  River,  and  indicates 
large  deposits  of  that  material  up  that  stream.  The  gauging  of  the  Red  Lake  River 
shows  a  low-water  discharge  of  630  cubic  feet  per  second,  which  about  equals  the  low- 
water  discharge  of  the  Red  River  at  Moorhead.  Below  Grand  Forks  the  Red  River  keeps 
a  very  regular  and  continuous  width  to  the  boundary  line,  seldom  being  narrower  than 
225  feet  or  wider  than  300  feet.  The  distance  from  (irand  Forks  to  the  mouth  of 
Turtle  River  is  by  land  18  miles  and  by  river  25.  The  slope  between  the  two  points 
is  6.2  feet,  or  an  average  of  0.403  foot  per  mile.  The  timber  for  the  first  9  miles  is  a 
narrow  belt  on  either  side  of  the  river,  but  for  the  next  9  it  widens  out  to  |  of  a 
mile  on  the  Minnesota  side  and  to  2  miles  on  the  Dakota  side.  The  quality  is  the 
same  as  that  on  the  upper  river.  The  condition  of  the  river  from  Grand  Forks  to  the 
Turtle  River  bare  (a  distance  of  11  miles)  is  good,  with  no  low-water  soundings  of  le» 
than  4  feet.  The  Turtle  River  bars  extend  for  a  distance  of  5  miles  and  can  only  be 
removed  by  dredging,  as  recommended  by  Col.  F.  U.  Farquhar,  under  whose  super- 
vision detailed  surveys  were  made  of  this  locality  in  the  summer  of  1877,  by  C.J.  A 
Morris,  assistant  engineer.  Wing-dams  might  be  advantageously  use<l  to  maintain  i 
channel  through  these  bars  after  it  had  been  once  dredged  out.  From  the  foot  of  these 
bars  to  the  Turtle  River,  a  distance  of  9  miles,  the  character  of  the  river  is  improved 
only  two  bars  of  any  length  being  found  in  my  soundings.  But  in  improving  the  river 
a  large  amount  of  dredging  would  have  to  be  done  to  short  bars  and  lumps  other  than 
those  mentioned  here,  as  only  the  largest  and  most  troublesome  are  here  considered. 

3.  From  the  mouth  of  TurtU  Mirer  to  the  mouth  of  the  Big  Salt  Hirer, — These  two  points 
are  distant  from  each  other  by  land  13  miles  and  by  river  30^^  miles.  Through  this 
section  of  the  river  more  shallow  water  is  found  than  in  any  other,  with  the  exception 
of  Turtle  River  and  Pelican  bars.  The  bottom  is  verj'  uneven  and  the  transitions 
from  10  to  2|  feet  soundings  are  very  abrupt  and  numerous.  None  of  the  bars  aw 
long,  but  few  extending  for  a  greater  distance  than  500  feet.  The  timber  belt  on  this 
portion  of  river  is  a  full  mile  wide  on  both  banks,  that  on  the  Dakota  side  being  tkc 
most  valuable,  fire  having  materially  injured  that  on  the  Minnesota  shore. 

4.  From  mouth  of  the  Big  Salt  River  to  the  lower  end  of  the  Pelican  Bars. — This  distance 
is  17  miles  by  land  and  40 miles  by  river.  The  tributaries  to  this  section  are  the  Snalce, 
Little  Salt,  and  Tamarac  rivers.  The  total  fall  of  the  river  from  the  month  of  the 
Turtle  River  to  the  lower  end  of  the  Pelican  Bars  (a  distance  of  70|  miles)  is  20.ti61 
feet,  with  an  average  slope  per  mile  of  0.293  foot.  The  fiist  24  miles  of  river  below 
the  mouth  of  the  Big  Salt  are  in  fair  condition,  and  but  little  dredging  would  be  re- 
quired to  give  a  continuous  4-foot  depth  of  channel.     The  succeeding  16  miles  will  re- 

Suire  more  dredging  to  obtain  a  4-foot  channel  than  any  other  portion  of  the  lower 
iver.  There  is  one  section  of  5  miles  that  would  require  continuous  dredging  to  fnr- 
nish  a  greater  low-water  depth  than  30  inches.  This  is  in  addition  to  the  Pelican  Bars, 
in  regard  to  which  I  can  furnish  no  additional  information  to  the  accurate  notes  of  th« 
survey  made  under  Major  Farquhar.  The  timber  over  this  whole  section  is  of  little 
value  and  the  belt  becomes  narrower  and  more  nearly  worthless  as  yon  ai)proach  the 
Canadian  line. 

6.  From  the  Pelican  Bars  to  the  houndary  line. — The  river  between  these  points  is  in 
cood  navigable  condition,  free  from  snags  and  bars,  and  is  being  constantly  traversed 
by  steamboats.  The  tributaries  are  Miifdle  River  and  Two  Rivers  from  the  Minnesota 
side,  and  the  Pembina  River  from  the  Dakota  side,  all  small  streams  in  the  sommef 
season  but  which  discharge  a  large  amount  of  water  during  the  melting  of  the  snoir 
in  the  spring.  There  is  at  present  a  «H*^<>ot  depth  of  channel  over  this  section  of  the 
Red  River,  and  no  improvements  of  any  kind  will  be  necessary,  at  least  until  the  ban 
and  obstructions  above  have  been  removed  and  the  effect  of  their  remoTal  noted.  The 
slope  of  the  river  over  this  section  (a  distance  of  28  miles  by  laud  and  48  miles  by  river) 
is  only  9.333  feet,  the  average  slope  per  mile  being  0.194  foot. 

m.— THE    CLEARING   OUT    OF    SNAGS    AND    OVERHANGING    TREES    ON  THAT    PORTIOS 
OF  THE  RIVER  BETWEEN  OLD  FORT  ABERCROMBIB  AND  MOORHEAD. 

This  work  commenced  on  January  1,  1880,  and  was  .finisl^ed  March  31,  1880.  This 
work  was  done  entirely  on  the  ice  and  much  more  economically  than  it  coold  haTe 
been  done  at  any  other  time.  I  know  of  no  place  where  the  same  amount  of  moutT 
could  have  been  expended  to  better  advantage,  or  furnished  more  relief  to  the  settlers 
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in  the  valley.  Tlie  clearinjij  out  of  this  portion  of  the  river  makes  it  fully  as  capable 
of  navigation  as  the  30  miles  of  river  below  Moorhead  was  before  the  dre<lge  com- 
menced its  work  there. 

The  total  number  of  obstructions  removed  during  the  three  winter  months  was 
4,370,  of  which  '219  were  snags  and  4,151  were  overhanging  trees. 

Last  year  a  steamer  attempted  to  transport  wheat  over  this  section  of  river  but 
gave  up  the  undertaking  after  sinking  a  barge  load  for  each  of  the  two  trips  it  made. 
It  is  believed  that  they  will  have  no  further  trouble  on  account  of  trees  or  snags  dur- 
ing this  season.  From  Breckenridge  to  Fort  Abercrombie  the  river  is  free  from  trees 
as  the  banks  have  no  timber  on  them.  The  river  is  also  wide  and  shallow,  with 
gravel  bottom  and  frequent  bowldero  varying  in  size  from  ^  yard  to  5  cubic  yards. 
The  banks  are  high  and  the  subsoil  has  a  mixtun)  of  sand  and  gravel.  From  Fort 
Abercrombie  to  Moorhead  the  bottom  of  the  river  is  composed  entirely  of  blue  clay 
and  has  the  same  characteristics  as  that  x>ortion  below  Moorhead. 

IV.— A  SURVEY  ON  GOOSE  RAPIDS. 

Tliis  consisted  of  a  short  survey  made  during  the  early  part  of  November  last,  for 
the  purpose  of  acquiring  additional  information  in  reference  to  the  best  methml  of 
improving  these  rapids.  This  survey  commenced  at  the  old  proposed  location  of  lock, 
and  extended  down  the  river  a  distance  of  7  miles.  As  regards  the  necessity  of  a  lock 
and  dam  to  flow  out  what  is  known  as  Goose  Rapids  there  can  bo  no  question,  as  the 
slope  of  the  river  is  very  considerable  and  the  bed  is  full  of  bowlders  and  gravel. 
Dredging  would  be  injurious  on  account  of  the  great  fall,  unless  supplemented  by  an 
extensive  system  of  wing-dams,  which  would  themselves  prove  a  serious  obstruction. 
Below  is  given  the  slopes  and  distances  by  river  from  the  head  of  the  i*apids  to  the 
proposed  dam-site. 

*  Distance  in  mQes. 

From  Goose  River  to  O^,  fall  =  1.422  feet 1 

FromOMoP^  fall  =  1.444  feet 1.62 

FromP2toR3,  fall  =  1.22G  feet 1.94 

FromRnoW^  fall  =  4.503  feet 2.84 

From  WMoX2,  fall  =  1.246  feet 1.74 

FromX^toZ-,  fall  =  0.660  feet 1.06 

From  Z*  to  A3,  fall  =  1.555  feet 1.82 

From  A3  to  proposed  dam,  fall  =  0.550  feet 1. 14 

The  above  portion  of  the  river  would  all  bo  perfecte^l  and  the  slope  be  overcome  by 
a  lock  and  dam  with  a  lift  of  12  feet. 

Above  Goose  River  the  slope  is  small  and  the  bottom  composed  of  clay,  and  the  only 
improvement  necessary  is  dredging. 

I  would  merely  add  that  from  all  information  acquired  in  three  seasons  spent  on  the 
river,  both  from  outside  testimony  and  my  own  observation,  I  am  convinced  that  a 
lock  and  dam  can  be  built  in  the  river  proper  with  as  much  immunity  and  safety  from 
floods  and  ice-jams  as  by  incurring  the  additional  expense  of  excavating  and  building 
throngh  a  tongue  of  land  45  feet  high  and  400  feet  wide.  But  on  account  of  the 
extreme  high- water  which  sometimes  visits  this  river  I  would  recommend  that  the 
dam  be  a  movable  one,  such  as  is  in  operation  on  the  Big  Kanawha  River. 

For  the  proper  improvement  of  the  various  portions  of  the  Red  River  of  the  North 
I  would  respectfully  suggest  the  following:  The  building  of  another  dredge  to  operate 
on  the  river  below  Grand  Forks. 

There  will  be  an  abundance  of  work  for  two  dredges  for  t«n  years  to  come  to  per- 
fect the  channel,  and  with  only  one  machine  either  the  work  must  be  slighted  or  one 
or  the  other  portion  of  the  river  be  sadly  neglected.  For  the  improvement  of  Goose 
Rapids  I  would  recommend  the  building  of  a  lock  and  dam. 

*  «  »  *r  •  •  '  • 

Verj'  respectfully  submitted. 

CiiARLKs  Wanzer, 
T  .hmtttant  Engineer. 

Maj.  CiiAS.  .1.  Allkx, 

Captain y  Corps  of  Knfjineern  ^,  S.  A, 
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SURVEYS    FOR    RESERVOIRS   AT    SOURCES   OF    THE    MISSISSIPPI,   SilNT 
CR01X,CHIPPEVVA,  AND  WISCONSIN  RIVERS,  TO  DETERMINE  THE  PRAC- 
TICABILITY  AND  COST  OF  CREATING  AND   MAINTAINING   RESERVOIRS 
UPON  THE  HEADWATERS  OF  SAID  RIVERS,  AVITH  A  VIEW  TO  IMPROV- 
ING  THE  NAVIGATION  OF  THE  SAME. 

This  examination  and  survey  wa«  continued  under  provision  of  the 
following-named  act  of  Congress,  approved  March  3, 1879 : 

For  examination  and  surveys,  for  reservoirs  at  sources  of  the  Mississippi,  Saint  Croix, 
Chippewa,  and  AViscousin  rivei-s,  completing  survey,  twenty-five  thousand  dollars. 

The  details  of  operations  being  given  in  progress  rei)orbs  dated 
December  12,  1879,  and  January  15,  1880,  both  with  maps,  and  sub 
reports,  published  in  House  Ex.  Doc.  No.  39,  Forty-sixth  Congress,  second 
session  which  reports  are  here  respectfully  referred  to.  Revised  lists  of 
lands  liable  to  overflow  from  construction  of  reservoirs,  also  respectfully 
referred  to,  w^ere  furnished  to  the  department  on  the  12th  of  April  and 
the  12th  of  June,  1880. 

Section  2,  river  and  harbor  act,  approved  June  14,  1880,  x>rovides : 

That  the  Secretary  of  War  is  hereby  directed,  at  his  discretion,  to  cause  examina- 
tions or  surveys,  or  both,  to  be  made,  &c.,  and  that,  of  the  sum  of  $1.^0,000  herein 
appropriated  for  surveys  and  examinations,  the  sum  of  $15,000  may  be  ex|H^nde<l  in 
the  completion  of  the  survey  of  the  reserv^oir  system  on  the  headwaters  of  the  Missis 
sippi  River,  including  Rock  River  in  Wisconsin  and  Illinois. 

It  is  proposed  to  continue  the  surveys  and  examination  as  hereto 
fore,  and  in  the  manner  detailed  in  the  reports  to  date. 

Money  statement 

July  1,  1879,  amount  available |19,353  41 

Amount  appropriated  by  act  approved  June  14,  1880* 15, 000  UO 

$34. 353  41 

July  1,  1880,  amount  expended  during  fiscal  year. 19, 108  53 

July  1,  1880,  outstanding  liabilities 244  88 

^  '  "  19,353  41 

July  1,  1880,  amount  available 15,000  00 


EXAMINATIONS  AND  SITR^^EYS  AT  THE  SOURCES  OF  THE  MISSISSIPPI 
BIVER,  AND  OF  THE  SAINT  CROIX  RIVER,  IN  WISCONSIN  AND  MINNE- 
SOTA, AND  OF  THE  CHIPPEWA  AND  WISCONSIN  RIVERS,  IN  THE  STATE 
OF  WISCONSIN,  WITH  A  VIEW  TO  FEASIBILITY,  COST,  ETC.,  OF  CON- 
STRUCTING AND  MAINTAINING  RESERVOIRS  FOR  THE  IMPBOVE^IENT 
OF  THE  NAVIGATION  OF  THOSE  RIVERS,  AND  THAT  OF  THE  MISSIS 
SIPPI  RIVER,  IN  ACCORDANCE  WITH  ACTS  OF  CONGRESS  OF  JUNE  18, 
1878,  AND  MARCH  3,  1879. 

EXAMINATIONS   AND   SURVEYS    AT    HEADWATERS  OF   THE  3IISSISSIPPI 

RIVER. 

Engineer  Office,  United  States  Army, 

^aint  Paul,  December -12, 1879. 

General  :  I  have  the  honor  to  submit  the  following  progress  report 
pertaining  to  the  proposed  system  of  reservoirs  at  the  sources  of  the 
Mississippi  River. 

My  last  report  upon  this  subject,  dated  January  15,  1879,  contained 
an  estimate  of  $330,458.60  for  the  construction  of  seven  dams  to  create 
reservoirs  at  Lake  Winnibigoshish,  Leech  Lake,  Mud  Lake,  below  Ver- 

*  Section  2,  river  and  liarbor  act,  apijroved  June  14,  1880,  says  thiH  amonnt  may  bf 
expended  in  tlie  completion  of  the  reservoir  system  on  the  headwaters  of  the  Missis- 
Bippi  River,  including  Rock  Kiviix  \u  NW^eow^m  wwCl  lUvwoia. 
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oil  Kiver,  at  Pokegaina  Falls,  at  Gull  Lake,  and  at  Pine  Kiver ; 
an  estimate  of  the  cost  of  maintenance,  understanding  by  this  the 
ssary  repairs  for  the  first  ten  years,  and  in  addition  an  estimate 
le  cost  per  annum  of  operating  the  dams,  cost  of  telegraph  lines,  &c. 
*e  appears  no  reason  for  changing  the  above  estimate,  excepting  in 
ir  as  the  increase  in  prices  of  material  and  labor  since  then.  On 
unt  of  the  increase  in  prices  it  seems  prudent  to  add  at  least  15  per 
.  to  the  above  estimates,  making  the  total  cost  of  the  dams  and  ap- 
enances  $386,9!J7.39,  and  the  cost  of  telegraph  lines,  including  bat- 
s,  &c.,  $15,525.  The  cost  of  repairs  for  the  first  ten  years  being 
lult  to  state  with  anything  like  accuracy,  may  be  left  as  rendered  in 
report,  as  well  as  the  cost  per  annum  ($7,840)  of  operating  the  sys- 
of  dams. 

LC  examinations  pertaining  to  the  sources  of  the  Mississippi  during 
)ast  season  hav  e  mainly  consisted  in  met^jorological  observations 
gaugings  of  the  flow  in  the  streams.    Three  meteorological  stations 

been  steadily  maintained,  viz,  one  at  Leech  Lake,  one  at  White 
h,  and  one  at  Ked  Lake,  the  latter  point  chosen  as  it  is  on  the 
ide'-  of  the  waters  flowing  into  Cass,  Winnibigoshish,  and  other 
5  supplying  the  Mississippi  and  waters  flowing  into  the  Red  River 
e  Xorth,  the  annual  quantity  of  precipitation  decreasing,  as  may  be 

by  an  inspection  of  the  tables  appended  to  this  and  also  my  last 
rt,  as  we  go  north  and  west,  and  increasing  generally  as  we  go  east 
south  from  Red  Lake.  Before  the  establishment  of  these  meteoro- 
jal  stations,  no  satisfactory  data  were  at  hand  upon  which  to  base 
aatcs  of  the  supply  of  water,  the  only  method  being  to  obtain  a 
1  of  the  precipitation  recorded  for  a  number  of  years  at  military  and 
r  posts  in  the  regions  adjoining  the  area  of  country  under  consider- 
i.  The  computation  by  this  method  compared  favorably  with  that 
5  by  taking  the  low-water  discharges  of  the  streams,  so  far  as  could 
3ne,  for  one  of  the  factors.  The  average  annual  precipitation  for 
entire  area  was  assumed  at  25  inches,  and  0'.7  assumed  as  the  por- 
actually  finding  its  waj^  into  the  streams,  and  which  could  be  de- 
led upon  to  subserve  the  purposes  of  the  reservoirs,  the  rest  sup- 
d  to  be  lost  by  evaporation,  infiltration,  demands  of  vegetation, 

Continuous  observations  at  these  stations  for  15  months  give  the 
wing : 

Table  of  inches  of  rainfall  from  Septcmhir  1,  1^78,  to  Decvmhei'  1,  1?<79. 
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It  will  be  seen  by  iuspection  of  the  above  table  that  the  rain&Il  at 
Leech  Lake  was  the  same  iu  amount  in  September,  1878,  as  in  Septem- 
ber, 1879 ;  that  in  October,  1878, 1.65  inches  more  were  recorded  than 
for  the  same  month  in  1879  j  and  that  in  November,  1879,  0.05  inchmoi^ 
rainfall  was  measured  than  in  November,  1878.    At  Red  Lake  for  tke 
months  of  September,  October,  and  November,  1878,  the  records  show, 
respectively,  3.28  inches,  1.95  inches,  and  0.06  inch ;  while  for  1879,  f« 
the  same  months  and  in  the  order  named,  the  records  show  0.89  inch. 
2.19  inches,  and  0.18  inch. 

The  White  Earth  records  show  for  September,  October,  and  Novem 
ber,  1878, 2.23  inches,  1.75  inches,  and  1.03  inches ;  while,  for  the  com 
sponding  months  in  1879,  the  records  are  1.61  inches,  7.08  inches,  and 
0.34  inch. 

The  mean  of  the  rainfall  at  these  stations  for  the  above-named  months 
of  1878,  is  1.85  inches,  while  for  the  same  period  in  1879  it  is  1.90  inche 
or  about  the  same  in  value.  An  unusual  quantity  of  rain  is  reported  to 
have  fallen  at  White  Earth  during  the  month  of  October  and  the  reoonk 
confirm  the  statement.  For  purposes  of  calculation  of  the  supply  it  wil! 
be  necessary  to  consider  the  rainfall  for  one  year,  and  the  period  fhm 
September  1, 1878,  the  earliest  date  at  which  reliable  observations  wctp 
commenced  at  the  White  Earth,  Leech  Lake,  and  Red  Lake  stations  i< 
accordingly  taken.    The  yearly  amount  at  each  of  the  above  is — 

Jncim 

At  Leech  Lake 24.* 

At  Red  Lake tilt 

At  White  Eal-th 30.r 

Mean =25.1 

By  glancing  at  the  map  it  will  be  seen  that  Cass  and  Winnibigoshisi 
Lakes  are  nearly  equidistant  from  the  Bed  Lake  and  White  Earth  st^ 
tions,  and  that  White  Earth,  although  in  the  watershed  of  the  £e<i 
Biver,  is  but  a  short  distance  from  Lake  Itasca.  Duluth,  also  a  meteo^ 
rological  station,  lies  about  110  miles  to  the  east  and  south  of  Lake  Win- 
nibigoshish,  but  its  rainfall  is  not  here  considered  on  accoant  of  tk 
meteorological  conditions  of  that  station.  Pine  River  and  Gull  Lake 
are  about  midway  between  Leech  Lake  and  Fort  Eipley. 

Itaska,  Cass,  and  Winnibigoshish  Lakes  form  part  of  the  Mississippi 
proper.  For  the  Winnibigoshish  basin,  it  is  fair  to  assume,  for  the  rain- 
fall during  the  year  under  consideration,  a  mean  of  that  at  Red  Lake. 
White  Earth,  and  Leech  Lake,  or,  25.37  inches.  For  the  Leech  Lakt 
basin,  we  take  its  own  record,  viz,  24.49  inches.  For  the  Mud  Lake, 
Vermillion,  and  Pokegama  basins,  the  Leech  Lake  record  will  apply,  as 
can  be  seen  by  inspecting  the  map.  For  the  Gull  Lake  and  Pine  River 
basins,  a  mean  of  the  precipitation,  as  recorded  at  Leech  Lake  and  FcHt 
Ripley,  is  assumed,  the  mean  being  25.9  inches.  For  the  entire  basin  (^ 
the  Mississippi  above  Saint  Paul,  the  mean  of  the  observations  for  the 
period  from  September  1, 1878,  to  September  1, 1879,  including  those  of 
Saint  Paul,  gives  2G.36  inches,  and,  including  36.23  inches  at  Fort  Snell 
ing,  for  the  same  period,  the  mean  is  about  28.34  inches.  This,  however, 
would  be  too  great  for  the  whole  basin,  on  account  of  the  proximity  of 
Fort  Snelling  to  Saint  Paul. 

It  is  apparent,  then,  that  the  value,  25  inches,  assumed  in  my  last  re- 
port, as  the  average  rainfall  over  the  entire  ba^in  is  within  safe  limitSj 
and  that  the  calculations  based  upon  that  factor  need  not  be  changed. 

The  determination  of  the  available  amount  of  precipitation,  that  which 
actually  finds  its  way  into  the  streams,  after  allowing  for  evaporation^ 
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&c.,  is  very  difdcult.  Observations  for  evaporation  have  been  made  at 
the  three  meteorological  stations  established  near  the  sources  of  the 
river,  as  well  as  some  at  Saint  Paul,  to  determine  the  ratio  between 
the  evaporation  from  open  surfaces  of  water  and  that  from  the  marsh. 
These,  together  with  accompanying  observations  for  temperature  and 
force  and  direction  of  wind,  afford  some  data  applicable,  perhaps,  to 
particular  cases,  but  of  little  use  in  determining  questions  covering  large 
areas  of  country  broken  by  marsh,  forest,  streamlets,  lakes,  &c.  Gaug- 
ings  of  the  streams,  and,  especially,  of  the  main  stream,  to  which  the 
whole  area  is  tributary,  if  long  continued,  would  afford  means,  by  com- 
parison with  the  total  rainfall  in  any  one  year  multiplied  into  the  area 
of  watershed,  of  determining,  approximately,  the  amount  of  water  lost 
by  infiltration,  evaporation,  vegetation,  &c.,  although  not  the  amount 
due  to  each  item.  Again,  some  of  the  small  lakes  contained  in  the 
watershed  have  no  visible  outlets,  although  large  portions  of  the  rain 
received  by  them  must  eventually  find  its  way  into  the  streams. 

Fortunately  our  meteorological  observations  since  September,  1878, 
have  enabled  us  to  assign  a  mean  value,  with  confidence,  to  the  annual 
precipitation  for  the  entire  area  so  as  to  compare  measured  discharges 
of  the  river  during  a  considerable  period  of  time  at  Brainerd  and  Sauk 
Kapids,  and  thereby  deduce  the  quantity  of  water  flowing  for  the  same 
period  past  Pokegama  Falls.  The  area  of  country  tributary  to  the  river 
at  Pokegama  Falls  is  3,005  squai^e  miles;  the  area  tributary  to  the  river 
above  the  mouth  of  Crow  Wing  River,  just  below  Brainerd,  is  7,729 
square  miles ;  and  the  area  tributary  to  the  river  at  Sauk  Eapid^  is 
13,872  square  miles,  the  ratios  being  as  follows:  That  tributary  to  the 
river  at  Brainerd  to  that  tributary  at  Pokegam^  Falls,  0.475,  and  that  at 
Sauk  Eapids  to  the  area  above  Pokegama,  0.204.  And  the  ratio  between 
the  area  tributary  to  the  river  at  Sauk  Eapids  and  that  tributary  at 
Brainerd  is  about  0.557.  In  1375  a  series  of  gaugings  to  determine 
the  discharge  was  taken  at  Brainerd  and  Sauk  Eapids,  and  at  other 
points  below,  from  which,  together  with  daily  observations  of  the  stage 
of  water,  was  deduced  and  plotted  for  each  point  a  curve  of  discharges 
covering  a  period  of  time  from  about  the  middle  of  April  to  the  middle 
of  October,  1875.  The  measured  and  calculated  discharge  of  water  past 
Sauk  Eapids,  from  April  15  to  July  1,  1878,  was  155,158,120,000  cubic 
feet  of  water;  that  at  Brainerd  for  the  same  period,  89,502,240,000 
cubic  feet.  Now,  on  the  principle  that  if  the  rainfall  is  equal  over  the 
areas  tributary  to  the  stream  at  these  i>oints,  the  (luantities  of  water 
passing  the  two  points  should  be  proi)Ortional  to  the  areas,  we  have 
the  proportion — 

7729  :  13872  : :  89,502,240,000  :  Q, 

Q  being  the  quantity  of  water  flowing  past  Brainerd. 

The  above  proportion  gives  for  the  value  of  Q  about  100,700,000,000, 
a  difference  from  the  measured  and  calculated  volume  of,  in  round  num- 
bers, 5,500,000,000  cubic  feet,  a  percentage  of  less  than  4.  This  close 
agreement  enables  us  to  use  the  coeflBcients  above  stated  for  the  calcu- 
lation of  the  discharge  past  Pokegama  from  the  measurements  at  Brain- 
erd and  Sauk  Eapids.  The  discharge  past  Brainerd  being  for  the  period 
from  April  15  to  July  1,  inclusive,  89,502,240,000  cubic  feet,  we  have, 
after  multiplying  it  into  the  coefficient  0.475,  42,542,004,000  cubic  feet 
as  the  quantity  passing  Pokegama  Falls  during  that  time. 

The  discharge  past  Sauk  Eapids  for  the  same  period  being  155,158,- 
120,000  cubic  feet,  we  have,  after  multiplying  the  amount  by  the  coef- 
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ticient  0.234,  40,031,743,630  cubic  feet.    The  mean  of  the  two  would  be 
41,751,903,840  cubic  feet. 

Now,  prior  to  the  15th  of  April  there  wa^,  as  a  matter  of  course,  (»n 
siderable  water  passing  Pokegama  Falls,  for  the  discharge  could  not 
advance  from  zero  on  the  14th  of  April  to  10,400  cubic  feet  on  the  15tii 
at  Brainerd,  nor  could  all  the  water  on  the  last-named  date  have  come 
from  the  water-shed  immediately  at  Brainerd.  The  quantity  of  water 
just  calculated  came  from  melted  snow,  early  spring  rains,  &c,  the 
melted  snow  from  precipitation  during  the  winter  months. 

From  December  10  to  Ax)ril  1  we  may  regard  the  water  conrses  as 
ice-bound  to  the  extent  of  admitting  but  a  very  slight  flow  of  water.  It 
would  be  a  small  estimate  to  allow  3,000  cubic  feet  per  .second  as  pass^ 
ing  Pokegama  Falls  for  a  period  of  15  days  to  represent  the  total  quaii 
tity  of  water  escaping  from  the  watershed  above  Pokegama  Falls  from 

December  10  to  April  15,  a  period  of  125  days,  or  per  second,  —  i^~^^= 

360  cubic  feet  per  second. 

The  reservoirs,  if  operated  in  the  interest  of  navigation,  would  seldoB. 
if  ever,  be  opened  after  November  1.  It  would  not  require  less  than  1' 
days  (probably  20  days)  for  the  waters  liberated  from  the  upper  reservoirs 
to  prove  of  effect  at  Saint  Paul.  Hence  there  would  be  little  occasios 
for  opening  the  gates  after  November  1.  An  inspection  of  the  gauging^ 
of  the  streams  above  and  at  Pokegama  will  make  it  evident  tha,;  we  art 
fuUj^justified  in  assuming  a  mean  discharge  past  Pokegama,  from>*o^ 
vember  1  to  December  10,  a  period  of  40  days,  of  1,000  cubic  feet  cl 
water  per  second.  Collecting,  then,  this  item,  and  the  3,000  cubic  feet 
per  second  for  the  15  days  in  April,  we  have  to  add  to  the  quantity  de- 
duced from  measurements  (40,000-f  45,000)  x  86,400=7,344,000,000  cubk 
feet.  And,  for  the  entire  quantity  passing  Pokegama  Falls  to  be  im^ 
pounded  by  reservoirs,  we  have  41,751,903,840  cubic  feet  4-  7,344,000,001 
cubic  feet  equal  to  49,095,903,840  cubic  feet.  This  iB  the  quantity  for 
only  five  of  the  reservoirs. 

Turning  our  attention  now  to  the  proposed  reservoirs  at  Gull  Lake  and 
Pine  River,  we  find  (see  report  of  January  15, 1879)  that  the  supply  to 
those  reservoirs,  calculated  from  the  available  rainfall,  is  15,933,273,75^ 
cubic  feet.  But  our  calculations  for  the  reservoirs  above  Pokegami 
Falls,  based  upon  rainfall,  gives  71,052,999,653  cubic  feet,  as  against 
49,095,003,840,  or  about  one-third  more  than  by  the  calculations  in  tha 
report.  Making  the  correction  and  allowing  for  the  capacities  of  tht 
reservoirs,  we  have  for  Gull  Lake  and  Pine  Eiver,  in  round  numh^ 
6,700,000,000  cubic  feet  more,  and  this,  added  to  the  quantity  for  the 
five  reservoirs,  gives,  in  the  aggregate  for  the  entire  system  of  seven 
reservoirs,  55,795,903,840  cubic  feet  available  for  use  by  the  Ist  of  July. 

This  calculation  is  based  upon  severe  hypothesis;  but  even  supposing 
the  quantity  just  named  to  be  all  that  can  be  imi)ounded,  it  will  giveni 
for  100  days  a  little  more  than  6,400  cubic  feet  per  second  as  an  incre- 
ment to  the  lower  river  after  July  1.  The  Pine  Eiver  reservoir  will 
furnish  a  small  siu*plus,  250  cubic  feet  per  second  for  100  days,  its  cajw- 
city  not  being  equal  to  the  supjily,  which  surplus  was  not  considered  in 
the  above  aggregate. 

Now,  during  the  lowest  stages  of  the  navigation  period,  the  discharge 
of  the  river  at  Saint  Paul  is  not  less  than  5,800  cubic  feet  i>er  secoiS. 
which  discharge  is  supplied,  in  small  part,  from  the  watershed  tributary 
to  Pokegama  Emails,  but  late  in  the  fall.  We  have  supposed  the  resw- 
voirs  not  to  be  closed  after  the  1st  of  July.  The  average  discharge  past 
Saint  Paul  prior  to  this  low  stage  is  in  excess  of  5,800  cubic  feet^  and 
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it  would  not  probably  be  necessary  to  open  the  gates  of  the  reservoirs 
before  July  15,  so  that  the  100  days'  increment  could  be  economized.  It 
is  claimed  by  some  that  much  of  the  increment  will  be  lost  by  evapora- 
tion and  absorption.  Let  us  assume  that  for  100  days  the  evaporation 
is  at  the  rate  of  0.1  inch  per  day,  or  10  inches  in  all,  and  that  there  are 
no  days  of  no  evaporation.  If  the  increment  increases  the  average 
width  of  the  river  200  feet  (a  large  allowance),  we  would  have  as  the  loss 
by  evaporation  for  that  period  200  x  5,280  x  350  x  0.83  =  306,768,000 
cubic  feet,  or,  for  100  days,  about  35  cubic  feet  per  second.  Pokegama 
is  distant  about  350  miles  from  Saint  Paul  by  river. 

Absorption  is  a  more  difficult  factor  to  arrive  at,  but  that  the  ground- 
water due  to  the  quantity  of  rainfall  not  regarded  as  available  for  the 
supply  of  the  water-courses  could  be  so  exhausted  as  to  admit  of  the 
abstraction  of  any  undue  quantity  of  water  from  the  river  after  receiv- 
ing its  increment  from  the  reservoirs  is  out  of  the  question.  Besides, 
we  have  a  surplus  of  250  cubic  feet  per  second  from  the  Pine  Eiver  res- 
ervoir. 

We  can,  then,  adding  the  5,800  cubic  feet  of  water  passing  Saint  Paul 
at  lowest  stage  to  the  6,4(K)  cubic  feet  from  the  reservoirs,  rely  upon  at 
least  12,200  cubic  feet  of  water  past  this  point  for  100  days  of  low- 
Avatcr  navigation,  and  this  is  within  300  cubic  feet  per  second  of  the 
quantity  stated  in  my  last  report  and  based  upon  two  methods  of  calcu- 
lation, each  dift'ering  from  the  one  employed  in  this  report. 

The  year  1875  was  only  a  year  of  average  rainfall;  so  was  the  year 
preceding  it.  The  mean  of  the  rainfall  at  Saint  Paul,  Fort  Snelling, 
Duluth,  and  Pembina,  for  1874,  was  26.47  inches;  for  the  same  stations 
iu  1875  it  was  24.63  inches;  for  1876,  27.14  inches;  and  for  1877,  28.61 
inches. 

As  to  the  utility  of  12,200  cubic  feet  of  water  per  second  for  100  days 
when  navigation  is  generally  impeded.  A  discharge  of  3,500  cubic  feet 
per  second  above  Brainerd  affords  good  navigation  from  that  point  to 
Grand  liapids,  a  distiince  of  180  miles ;  12,000  cubic  feet  affords  good 
navigation  upon  all  the  navigable  stretches  of  river  above  Minneapolis, 
not  including  those  portions  where  the  worst  rapids  exist ;  lumber  camps 
have  been  largely  supplied  by  steamers  plying  from  Brainerd  north- 
ward ;  12,200  cubic  feet  of  water  per  second  is  more  than  double  the 
low- water  discharge  past  Saint  Paul.  The  stream  must  be  despicable 
whose  navigation  could  not  be  assisted  by  doubling  its  lowest-water 
Volume. 

A  discharge  of  22,200  cubic  feet  per  second  at  Siunt  Paul  would  prob- 
ably correspond  to  a  width  between  this  point  and  the  head  of  Lake 
I^epin  of  about  1,000  to  1,500  feet,  excepting  in  some  few  cases  where 
large  groups  of  islands  occur.  At  Fridley's  Bar,  above  Minneapolis,  a 
g'auging  iu  1875  gave,  for  a  discharge  of  16,876  cubic  feet,  and  stage  of 
tlie  river  3'.63  above  low- water,  a  mean  velocity  of  3'.04.  If  we  take, 
for  a  discharge  of  12,200  cubic  feet,  the  mean  velocity  at  3  feet,  and 
^vidtli  at  1,000-feet,  we  have,  assuming  the  area  of  cross-section  to  be  a 
^^ctangle,  a  depth  of  about  4  feet.  But  the  cross-section  of  a  stream 
ftowing  through  a  sandy  bed  does  not  approach  the  rectangular;  it 
v^aries,  sometimes  approaching  the  parabolic,  and  sometimes  the  trian- 
^ilar.  The  height  of  a  triangle,  ha^ing  a  base  of  1,000  feet,  and  are^  of 
t,000  square  feet  =  J^^f  ^.n^  would  be  8  feet.  It  would  certainly  be  within 
^afe  limits  to  say  that,  supposing  the  width  of  water  surface  to  be  as 
^igh  as  1,500  feet,  the  ruling  depth  for  a  flow  of  12,200  feet  per  second 
Kvould  be  at  the  least  4  feet.    The  Rock  Island  liapids,  385  miles  below 


that  place. 
The  establishment  of  reservoirs  at  the  sources  of  the  Mississippi  ^ 
1st.  Benefit  navigation  from  Grand  Kapidsto  the  head  of  LakeF 
2d.  Itender  valuable,  for  purposes  of  agriculture,  large  tracts  of 
between  Grand  Rapids  and  Fort  Ripley. 

In  my  last  teport  I  discussed  at  length  the  capacities  of  the  cha 
to  accommodate  the  impounded  water.  An  adequate  appropriati 
clear  the  river  of  snags  and  other  obstructions  would,  besides  be 
ing  navigation  above  Brainerd,  facilitate  the  flow  of  water. 

The  report  of  January  15, 1879,  tchwh  should  he  considered  in  cc 
Hon  with  this  report^  recommended  an  appropriation  of  $70,000  to 
erection  of  a  dam  at  Lake  Winnibigoshish  to  test  the  system  prop 
On  account  of  advance  in  prices  of  material  and  labor,  I  would  inc 
that  estimate  to  $80,000 ;  also  because  the  "  plant "  necessary  won 
nearly  the  same  as  that  required  for  the  construction  of  the  entire 
tem.  ^o  material  benefits  to  navigation  could  accrue  from  a  single 
and  reservoir,  and  unless  the  entire  system  proposed  be  eventi 
adopted  the  establishment  of  a  isolitary  reservoir  would  be  useless 
cepting  as  a  demonstration  of  the  feasibility  of  the  reservoirs. 

The  Mississippi  River  below  Saint  Paul  is  not  under  my  char<?e 
it  is  necessary  to  touch  upon  it,  as  the  act  of  Congress  ordering  th< 
aminations  and  surveys  for  reservoirs  reads : 

The  examination  of  the  sources  of  the  Mississippi  River,  and  of  tlie  Saint  ' 
i  River  in  Wisconsin  and  Minnesota,  and  of  the  Chippewa  and  Wisconsin  Rivera  i 

State  of  Wisconsin,  to  determine  the  practicability  and  cost  of  creating  and ; 
taining  reservoirs  npon  the  heatlwaters  of  said  rivers  and  their  tributaries,  ft 
purpose  of  regulating  the  volume  of  water  and  impix)vinff  the  navigation  of 
rivers  and  that  of  the  Mississippi  Riv^r,  and  an  estimate  of  the  damage  t<o  result  I 
from  to  property  of  any  kind. 

The  locations  and  dimensions  of  the  several  dams  proposed  provid 

much  as  possible,  against  any  increase  in  surface  subject  to  evapora 

and  against  undue  overflow  of  adjoining  lands.    The  height  of  the 

posed  dam  at  Pokegama  Falls  is  limited  by  the  height  of  the  haul 

I  the  southern  end  of  Pokegama  Lake. 
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3.  Plottings  of  gauge  readings  in  1879  at  Saint  Paul,  Brainerd,  Falls  of 
Saint  Anthony,  Aitkin,  Sauk  Eapids,  Leech  Lake. 

4.  Eeport  of  Assistant  J.  D.  Skinner,  under  date  of  December  1, 1879, 
with  appended  tables  of  rainfall,  evaporation,  and  discharges  of  streams. 

5.  Table  of  lands  liable  to  be  overflowed,  stating  those  portions  that 
have  been  entered.  This  list  is  thought  to  be  quite  correct  for  the  area 
above  Pokegama  Falls.  For  the  GuU  Lake  and-  Pine  Kiver  reservoirs 
they  are  only  approximately  correct. 

Further  examination  will  be  made  as  soon  as  practicable,  and  the 
results  reported. 

Ver}'^  respectfully,  your  obedient  servant, 

Chas.  J.  Allen, 

Captain  of  Engineern. 
Brig.  Gen.  H.  G.  Wright, 

Chief  of  Engineers^  U.  S,  A. 


report  of  mr.  james  d.  skinner,  assistant  engineer. 

Engineer  Office,  United  States  Army, 

Saint  Pauly  December  1,  1879. 

Major:  I  have  the  honor  to  snbmit  the  foUowing  report  of  work  done  on  the  head- 
waters of  the  Mississippi  River  during  the  current  year,  with  a  view  to  perfecting 
and  completing  the  surveys  and  other  work  of  1874  and  last  year,  whose  object  was  to 
:iscertain  the  practicability  of  establishing  reservoirs  thei'eon. 

The  examination  of  the  dam-sites  and  all  other  work  connected  with  the  snrvey  of 
the  located  system  of  reservoirs  was  so  far  com^let^ed  last  year  as  to  leave  nothing  un- 
done, except  further  gaugings  of  the  Mississippi  River,  wliich  tl^e  early  closing  of  tho~ 
river  prevented  in  the  fall  oi  1878. 

These  have  been  jnade  with  most  satisfactory  results,  affording  a  complete  set  of 
high  and  low  water  gaugings,  from  Leech  and  Winnibigoshish  Lakes,  as  far  down  as 
Aitkin  on  the  Northern  Pacific  Railroad.  The  former  gaugincs  were  made  in  1874, 
when  the  river  was  at  a  high  stage,  and  the  latter  in  1878  and  1979,  the  river  being 
very  low,  and  at  about  the  same  stage  during  each  of  the  latter  years. 

The  ratio  between  the  discharges  at  the  different  stages  anci  at  the  same  places, 
attests  the  correctness  of  the  work.  This,  by  referring  to  the  annexed  table  of  dis- 
charges, will  be  seen  to  be  very  uniform  j  the  height  above  low-water,  noted  in  the 
table,  being  taken  into  consideration. 

The  three  m'eteoiological  stations,  at  Re<l  and  Leech  Lakes  and  at  White  Earth,  have 
been  maintained,  and  observations  for  rainfall,  evaporation,  and  temperature  have 
been  regularly  taken. 

The  records  of  rainfall  and  temperature  are  unbroken  since  September  I,  of  last 
year,  and  the  evaporation  for  each  day,  when  no  ice  had  formed,  has  also  been  kept. 

The  rainfall  for  the  year  extending  from  September  1,  1878,  to  September  1,  1879, 
Saint  Paul  being  included  with  the  above  stations,  gives  an  average  of  26.36  inches, 
as  will  be  seen  by  reference  to  the  annexed  table. 

When  it  is  considered  that  the  summer  months  were  unusually  rainy,  the  average^ 
taken  last  year  from-  former  reports  and  slightly  reduced  for  safety,  i.  e.,  25  inches, 
ivonld  seem  to  be  borne  out  by  this  year's  observations. 

I  think  there  is  no  reason  to  change  last  year's  computations. 

Besides  the  regular  observations  for  evaporation,  which  were  made  in  the  usual 
zinc  pans  with  scale  and  micrometer  screw  attached,  another  set,  during  the  months 
of  September,  October,  and  November,  1879,  was  carefully  taken  in  Saint  Paul,  to  de- 
termine the  coefficient  to  be  applied  to  the  readings  of  exposed  pans,  to  reduce  them 
to  the  natural  evaporation  from  a  pond  or  lake,  which  has  only  its  surface  exposed  to 
the  action  of  the  sun  and  wind,  while  the  pan  has,  in  addition,  its  bottom  and  outside 
surface  so  exposed.  To  obtain  this,  one  pan  was  placed  as  usual  and  another  was 
buried  to  its  rim  in  earth,  which  was  kept  moist,  and  whose  surface  was  covered 
w^ith  thin  grafs*    These 'were  regularly  reaa  and  results  compared. 

The  coefficient  so  ob|;ained  was  0.78 ;  but  when  I  reflected  that  the  observations 
did  not  begin  until  September,  and  that  the  summer  and  spring  months,  when  a  greater 
difference  might  naturally  bf>  expected,  were  left  out,  I  determined  to  reduce  this  to  0.7. 
Another  years  full  set*  of  observations  will  decide  whether  this  assumption  is  correct 
or  not. 
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I  annex  the  following  tables : 

I.  Discharge  of  the  Upper  Mississippi  River  at  different  points  for  the  years 
1878,  and  1879. 

II.  Monthly  rainfall  from  September  1,  1878,  to  September  1,  1879,  with  t-ot^ 
year  at  Leech  Lake,  White  Earth,  Red  Lake,  and  Saint  Paul.  Also,  the  same 
September  1,  1878,  to  December  1,  1879. 

III.  Mean  daily  evaporation  for  1879,  from  April  to  October,  both  inclnded,  frw 
corded  readings. 

IV.  Observations  to  determine  coefficient  te  bo  applie<l  to  exposed  evaporator,  t 
at  Saint  Paul  during  September,  October,  and  November,  1879. 

There  is  also  attached  a  tracing,  showing  the  location  and  height  of  the  diff 
dams,  the  slope  of  the  river,  the  level  of  the  reservoirs,  and  the  general  features  o 
country. 

The  question  ha«  been  iisked  why  it  is  not  possible  to  build  a  single  dam  at  Poke^ 
Falls,  which  would  answer  the  purposes  of  the  system  recommended.  This  que 
will  be  found  partially  answered  in  Colonel  Farquhar's  report  of  1875,  and  in 
year's  report.  It  can  further  be  safely  said  that  the  expense  of  such  a  dam,  w( 
practicable,  with  the  attendant  dike  at  the  southeast  end  of  Pokegama  Lake,  m 
vastly  exceed  the  cost  of  the  jiresent  system.  Besides,  ^eat  danger  at  the  dike  n 
result  from  the  construction  of  the  dam.  There  an  accident  would  be  fatal,  wb 
any  damage  at  the  proposed  dams  would  be  insignificant  and  easily  repaired. 

Further,  an  attempt  to  flow  to  any  extent  the  natural  reservoirs  at  Leech  and ' 
nibigoshish  lakes  would  be  an  absurdity,  as  a  glance  at  the  accompau3Mng  pi 
will  show.    The  country  below  is  flat  for  the  most  part,  and  the  banks  of  Uie  rive 
I  \]  low,  and  these  when  overflowed  afford  access  to  immense  swamps. 

With  such  a  dam  the  country  would  be  a  large  sea,  dotted  with  islands  for  a  j 
distance  each  side  of  the  river;  and,  leaving  evaporation  out  of  the  question,  1 
would  not  be  water  enough  from  the  whole  watershed  (in  all  probability)  to  ac 
plish  such  a  result.     Of  course,  the  exact  extent  of  such  flowage  can  only  be  ascerts 
i  I  by  further  difficult  and  expensive  surveys. 

■t   I  But,  further,  the  evaporation  over  such  a  vastly  increased  area  would  bo  the  m 

of  an  immense  loss,  not  less  than  25  inches  probably,  over  its  whole  extent,  whi 
the  case  of  the  proposed  reservoirs  the  overflowed  surface  (see  large  map)  is  but  1 
increased,  while  the  depth  is  largely  so.  The  increase  of  loss  by  evaporation  is,  tl 
fore,  so  small  as  to  be  of  no  moment.     (See  reports.) 

And,  further,  the  daraagt  s  to  property  that  would  bo  caused  by  such  an  over 
would  be  large.  The  lands  along  tne  river  and  its  tributaries  are  owned  to  a  I 
extent  by  Inmbermen,  who  carry  on  an  extensive  business.  Many  of  their  pine  1; 
would  be  overflowed,  and  whether  the  timber  on  them  had  been  cut  off  or  not, 
would  be  sui'e  to  claim  large  damages.  Their  meadows  would  be  entirely  destro 
In  fact,  any  interest,  Indian  or  otherwise,  near  the  river  or  its  tributaries,  wouk 
completely  mined,  while  under  our  system  but  little  damage  would  ensue,  and  i 
whatever  to  any  timber  lands. 
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DUcharges  of  the  MintivtHippi  and  Leech  Lake  Rivers. 
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Below  Cau)  Lake 
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MiasiBsippi  River  below  juuctiou  with 
Leech  Lake  River. 

Above  Pokeirama  Falls 

Below  Grana  Rapids 
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Below  Sandy  Lake  River 
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Below  Grand  Rapids : 
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thly  rainfall  from  September  1,  1878,  to  September  1,  1879,  with  total  for  year,  at  Letth 
Ixike,  White  Earthy  Re<l  Lake,  and  Saint  Paulj  Minn. 
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Mean  yearly  rainfall,  26.36. 
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Monthly  rainfall  from  January  to  Novemhery  1879,  inoliMtt'e,  at  Saint  Paul,  Dului 

Fort  SnellinQf  Minn, 
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Monthly  rainfall  at  Duluth,  Minn.,  during  the  year  1876. 
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Mpnthly  rainfall  from  September  1,  1878,  to  Xovemher  30,  1879,  at  Leech  Lake,  Red 

White  Earth,  and  Saint  Paul,  Minn, 
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Obeervatione  to  determine  coefficient  to  apply  to  exposed  evaporating  pans. 
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TahU  of  lands  liable  to  be  cverflotced  by  the  construction  of  reservoirs  at  the  sources  of  the 

Mississippi  River. 

[Omitted.    See  House  Ex.  Doe.  l^o.  39,  Forty-sixth  Congress,  second 
B38sion,  pp.  13-17.] 


examinations  and  surveys   at  headwaters  of  saint  croix, 

chippewa,  and  wisconsin  rivers. 

Engineer  Office  United  States  Army, 

Saint  Paul,  January  15,  1880. 

General  :  I  have  the  honor  to  submit  the  following  progress  report 
of  the  examinations  and  surveys  at  the  headwaters  of  the  Saint  Oroix, 
Chippewa,  and  Wisconsin  rivers,  made  with  a  view  to  determining  the 
feasibility,  cost,  &c.,  of  constructing  and  maintaining  reservoirs  for  the 
improvement  of  those  streams  and  the  Mississippi  Kiver,  in  accordance 
with  the  acts  of  Congress  approved  June  18,  1878,  and  March  3,  1879, 
and  in  continuation  of  my  report  of  December  12,  1879. 

Three  parlies  were  placed  in  the  field  last  June,  and  they  completed 
most  of  the  necessary  field  work  by  the  middle  of  November. 

The  first  party,  under  Assistant  Vine  D.  Simar,  chief  of  party,  and  As- 
sistants R.  Davenport  and  G.  W.  Carrington,  was  charged  with  the  com- 
pletion of  the  examinations  at  the  sources  of  the  Saint  Croix  River  (Min- 
nesota and  Wisconsin),  begun  last  year  by  the  party  under  Assistant 
Treherne. 

The  second  party,  under  Asistant  Archibald  Johnson,  chief  of  party, 
and  Assistants  G.  O.  Foss  and  G.  M.  Willis,  w^as  charged  with  the  nec- 
essary examinations  and  surveys  of  the  East  and  West  Forks  of  the 
Chippewa  River,  of  the  Courtes  Oreilles  River  and  Lake,  and,  generally, 
of  examinations  as  far  down  as  Chippewa  Falls  gn  the  Chippewa  River. 

To  the  third  party,  under  Assistant  James  D.  Raynolds,  chief  of 
party,  and  Assistants  W.  S.  Morton  and  J.  D.  Mason,  was  assigned  the 
completion  of  the  survey  and  examination  of  the  headwaters  of  the  Wis- 
consin River,  begun  late  in  1878  by  Assistant  Charles  W^anzer;  and 
also  the  completion  of  the  surveys  of  the  North  and  South  Forks  of  the 
Flambeau  River,  the  main  tributary  to  the  Chippewa,  begun  in  1878  by 
Assistant  J.  H.  Dager.  These  gentlemen  have  all  acquitted  themselves 
well  of  the  duties  with  which  they  were  charged,  and  are  entitled  to  my 
thanks  for  the  energy  and  zeal  displayed  by  them. 

These  examinations  were  all  similar  in  character  to  those  described  ia 
my  report  of  January  15,  1879,  involving  the  running  of  flowage  and 
contour  lines,  selection  and  surveys  of  dam-sites,  lines  of  level  connect- 
ing important  points  with  the  sea  level,  gauging  of  streams  at  diflferent 
stages  whenever  possible,  the  collection  of  information  relating  to  prop- 
erty liable  to  be  damaged  by  overflow,  and  all  other  information 
attainable  bearing  upon  the  subject  in  hand.  Several  meteorological 
stations  were  established  early  in  the  season,  and,  although  the  recorda 
to  date  do  not  cover  an  entire  year,  our  stock  of  information  as  regards 
the  rainfall  of  this  region  has  been  materiallj'  added  to. 

This  report  is  intended  to  be  taken  in  connection  with  my  report  of 
Januarv  15  last. 

HEADWATERS  OF   THE  SAINT   CROIX  RIVER. 

The  report  of  January  15,  above  alluded  to,  gives  a  general  descrip- 
tion of  the  Wisconsin  watershed  of  the  Saint  Croix.,    The  principal  af- 
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Ou  the  main  Saint  Croix: 

Selection  and  survey  of  a  damsite  above  the  mouth  of  Kettle 
and  gauging  the  discharge  of  the  stream. 
On  the  tributaries: 

Selections  and  surveys  of  dam-sites,  as  follows: 

One  site  on  the  Eau  Claire  River. 

Two  sites  on  the  Totogatic  Eiver. 

Two  sites  on  the  Yellow  Eiver.* 

Resurvey  of  Yellow  Lake  dam-site: 

Surveys  of  two  sites  ou  the  Namakagon  River. 

Survey  of  one  site  on  the  Clam  River. 

Surveys  of  two  sites  on  the  Snake  River,  in  Minue^ota. 

Kettle  and  Tamarac  rivers,  in  Minnesota,  were  also  exaniine^l,  1 
available  sites  for  dams  were  found. 

^  All  the  streams  were  gauged  more  or  less  for  discharge  in  the 
ity  of  each  selected  dam-site,  in  order  to  obtain  not  only  an  idea  < 
amount  of  water  flowing  per  second,  but  also  an  idea  of  the  proporl 
the  rainfall  that  actually  finds  its  way  into  the  streams,  after  dedi 
the  losses  by  evaporation,  infiltration,  absorption,  &c. 

The  results  obttiined  indicate  that  above  one  third  of  the  annua 
fall  actually  finds  its  way  into  the  streams,  and  calculations,  based 
one- third  and  also  upon  one-fourth  of  the  rainfall,  have  been  made 
are  submitted  in  the  accompanying  tables.  In  the  calculations 
assumed  that  the  reservoirs  will  be  closed  from  the  latter  part  o 
vember  to  the  30th  of  June,  although  it  is  not  likely  that  it  will  Ix 
essary  to  open  their  gates  to  the  full  capacity  before  the  latter  pa 
July.  As  the  result  of  our  investigations  both  in  Wisconsin  and 
nesota,  the  above  named  factors  are  taken  to  represent  that  |>orti< 
the  annual  rainfall  that  can  be  stored,  from  the  watersheds  tributa 
the  reservoirs,  in  the  reservoirs,  between  the  close  of  November  an 
1st  of  July  following;  and  these  factors  are  used  generally  in  al 
computations. 

The  conditions  for  storing  water  on  the  Saint  Croix  are  more  fa^ 
ble  than  I  expected.    The  surplus — understanding  by  this  term 
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mands  of  the  navigable  stretch  below  Taylor's  Falls,  iudepeudentl^'  of 
the  reservoirs. 

The  dams  found  pra^^ticable  from  the  surveys  of  this  and  la^t  seaaon 
are,  if  we  assume  one-third  the  rainfall  for  our  factor: 

1.  At  the  outlet  of  the  Eau  Claire  Lakes.  A  dam  at  this  point, 
raised  to  a  heij^ht  of  12.J  feet  above  low-water,  with  a  reservoir  capacity 
of  961,045,400  cubic  feet,  equal  to  124  cubic  feet  of  water  i)er  second  for 
90  days.  To  cost  $9,635.79.  The  surplus  is  424,51 1,080  cubic  feet,  which 
surplus  is  to  be  collected  at  some  point  below. 

2.  Below  the  Upper  Lake  Saint  C.roix,  on  the  Saint  Croix  Eiver,  about 
1  mile  below  what  is  known  as  the  Big^  Dam.  A  dam  at  this  point,  raised 
to  a  height  of  24J  feet  above  low-water  surface,  will  attbnl  a  reservoir 
capacity  of  4,6985^269,800  cubic  feet,  a  quantity  of  water  equal  to  a  flow 
of  604  cubic  feet  per  second  for '90  days,  and  will,  in  addition,  take  up 
the  surplus  from  the  Eiau  Claire  Lakes.    To  cost  $94,319.55. 

3.  On  the  Upper  Totogatic,  near  the  "  Old  Dam."  A  dam  can  be  built 
here  at  a  height  of  12 J  feet  above  low- water  surface,  affordin«:  a  reservoir 
capacity  of  1,388,605,680  cubic  feet,  represcntinjr  a  flow  oL178  cubic  feet 
l>er  second  foi*90  days.    No  surplus.    To  cost  $7,482.38.^ 

4.  Below  Gilmore  Lake,  on  the  Totogatic  River,  a  dam  30  feet  in  height 
will  create  a  reservoir  of  2,881,095,000  cubic  feet  capacity,  representing 
a  flow  of  370  cubic  feet  per  second  for  90  days.  The  8ui7>lus  from  this 
reservoir  is  2,170,209,720  cubic  feet  of  water,  to  be  retained  at  some  other 
point.    To  cost  $21^876.65. 

5.  On  the  I^ower  kamakagon,  about  4  miles  above  its  confluence  with 
the  Saint  Croix  River,  a  dam  can  be  established  to  create  a  reservoir  of 
1,541,016,900  cubic  feet  capacity,  representing  198  cubic  feet  per  second 
for  90  days.    (See  No.  7.) 

6.  On  the  Namakagon,  near  Veazie's  Ranche,  a  dam  31 J  feet  in  height, 
reservoir  capacity  resulting  1,379,393,850  cubic  feet,  equal  to  177  cubic 
feet  per  second  for  90  davs.  To  cost  $32,762.75.  The  surplus  at  this 
point  is  7,129,093,830  cubic  feet. 

7.  On  the  Lower  Namakagon,  1  mile  below  the  confluence  of  the  Toto- 
gatic  with  tjiis  stream,  a  dam  41  feet  in  height  will  create  a  reservoir, 
by  pondhig  back  into  both  the  Tptogatic  and  Namakagon  rivers,  of 
3,082,033,820  cubic  feet  capacity,  equal  to  396  cubic  feet  per  second  for 
90  days.  This  dam  has  been  alluded  to  as  No.  5,  when  taken  with  refer- 
ence to  the  Totogatic  alone.  It  is  here  considered  as  forming  the  dis- 
tributing reservoir  for  the  Totogatic  and  Namakagon  systems,  in  which, 
case  it«  surplus  is  1,055,120,740  cubic  feet  of  water.    To  cost  $43,610.45. 

8.  Mud  Lake,  on  the  Upper  Yellow  River.  A  dam  6  feet  in  height 
above  low- water  will  create  a  reservoir  of  396,377,420  cubic  feet  capacity, 
representing  a  flow  of  51  cubic  feet  per  second  for  90  days.  To  cost 
$1^200.  Sun)lus,  140,281,780  cubic  feet.  A  sluicing  dam  exists  at  this 
point,  and  the  above  estimate  is  simply  for  raising  and  repairing  it. 

9.  On  the  Yellow  River,  below  Rice  Lakes,  a  dam  25J  feet  in  height 
above  low-water,  aftbrding  a  reservoir  capacity  of  2,474,944,500  cubic 
feet,  can  be  established,  with  surplus  of  149,806,860  cubic  feet.  Flow 
per  second  for  90  days,  318  cubic  feet.     Dam  to  cost  $33,266.70. 

10.  On  the  l^ellow  River,  below  Yellow  Lake.  A  <lam  20  feet  in  height, 
resulting  reservoir  capacity  3,402,712,000  cubic  feet,  representing  438 
cubic  feet  per  second  for  90  days,  no  surplus,  to  cost  $15,403.92,  can  be 
established.  This  dam  can  be  further  raised  10  feet.  About  4,000  linear 
feet  of  diking,  to  covst  about  $10,000,  will  be  necessary  in  this  ca«e,  and 
increased  cost  of  dam  also  $10,000. 

11.  On  the  Clam  River,  below  Clam  Lake,  a  dam  ^26  fceX^XA^^^^v^^^- 
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Snake,  20  feet  iu  heiglit,  resulting  reservoir  capacity  1,045,440,( 
feet,  corresponding  to  a  flow  of  134  cubic  feet  per  second  for  '■ 
with  surplus  of  1,218,286,080  cubic  feet,  can  be  built,  at  a  cost  o 
14.  At  Chengwataua,  on  the  Lower  Snake  Kiver,  MiuDesoti 
13  feet  in  tieigiit  above  low-water,  affording  reservoir  cap 
3,703,238,000  cubic  fee%  corresponding  to  476  cubic  feet  i>er  se 
90  days,  with  surplusage  of  13,196,048,080  cubic  feet,  can  be  esti 
To  cost  $m,m). 

Dams  exist  at  Oronnd  House  and  Cbengwataua,  operated  bj 
parties.    They  will  be  referred  to  further  on. 

The  reservoirs  at  Chengwataua  and  above  the  mouth  of  Kett 
thus  become  the  distributing  reservoirs  for  the  Lower  tSaint  Cr 
as  their  locations  are  about  55  miles  from  Taylor's  Falls,  the 
navigation  on  the  Lower  Saint  Croix,  and  about  112  miles  from  I 
where  the  Saint  Croix  joins  the  Mississippi,  whatever  increment 
from  these  reservoirs  to  add  to  the  uormal  low-water  diiscbarg* 
navigable  stretch  of  the  stream  will  reach  its  destination  rapidlj 

Collecting  from  the  list  given  above  all  the  items  of  dtscbai 
the  varions  proiwsed  reservoirs,  we  see  that  a  quantity  of  watf 
to  a  flow  of  4,415  cubic  feet  per  second  for  90  days  can  be  im| 
prior  to  July  1,  to  be  added  to  the  uormal  discharge  of  the  streau 
the  low-water  period.  The  measured  low -water  discharge,  aa  asct 
during  the  survey  made  this  past  season  by  Assistant  Engineer  Fi 
Terry,  is  above  McLeod's  Lake,  12  miles  below  Taylor's  Falls,  2,3( 
feet  per  second,  and  above  Prescott,  mouth  of  river,  not  less  the 
cubic  feet  per  second.  Adding  lo  these  the  4,415  cubic  feet  per 
we  have  respectively,  6,715  cubic  feet  and  7,215  cubic  feet  per 
for  90  days,  or  for  120  days,  by  a  proper  manipulation  of  the  dam 
cubic  feet  per  second  |>assiug  Prescott, 

We  have  taken  in  the  foregoing  calculations  the  average  aiini 
cipitation  at  25  iuciies,  and  33  per  cent,  of  it  as  available  for  i 
before  July  1.  I  have  not  been  able  as  yet  to  fix  the  value  of  the 
precipitation  for  the  eutire  area,  but  believe  it  to  bein  excess  of  25 
Much  difficulty  has  been  experienced  in  finding  intelligent  obser 
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surplus  of  82,988,999,690  cubic  feet.  In  addition,  we  have  the  1,600 
square  miles  of  watershed  below  the  falls  to  add  its  quota,  so  that  from 
the  large  surplus  no  detriment  is  expected  to  accrue  upon  this  basis  to 
the  navigation  of  the  stream  prior  to  July  1.  After  July  1,  we  have  the 
contributions  from  the  entire  watershed. 

Now,  upon  the  basis  of  but  25  per  cent,  of  the  annual  rainfall  being 
available  for  storage  prior  to  the  1st  of  July,  by  far  the  safest  assump- 
tion, being  certainly  within  limits,  as  shown  in  my  report  of  the  12th  of 
December,  1879,  upon  the  Mississippi  Reservoir  System,  we  find  that  we 
can  dispense  with  the  dams  at  Mud  Lake,  and  the  Eau  Claire  lakes 
fsee  Table  II),  and  have  a  total  increment  to  the  low- water  discharge  of 
0,901  cubic  feet  per  second  for  90  days.  Now,  when  4,000  cubic  feet  of 
water  per  second  pass  the  Dalles  (Taylor's  Falls),  the  wants  of  naviga- 
tion on  the  Saint  Croix  are  met.  As  not  less  than  1,900  cubic  feet  pass 
the  Dalles  at  low- water,  we  have,  by  adding  to  this  figure,  3,900  cubic 
feet,  the  sum  of  5,800  cubic  feet  per  second  for  90  days,  or,  by  proper 
operations  of  the  dams  for  120  days,  4,350  cubic  feet  per  second.  The 
amount  passing  Prescott  for  90  days  would  not  be  less  than  6,700  cubic 
feet  per  second,  and  for  120  days  not  less  than  5,000  cubic  feet  per 
second.  The  total  annual  supply  tributary  above  Taylor's  Falls,  upon 
the  basis  of  one-fourth  the  annual  precipitation,  is  87,154,569,216  cubic 
feet,  leaving  as  the  surplus  not  held  by  dams  56,806,708,638  cubic  feet. 
JS'ow,  to  carry  the  calculations  still  further,  the  entire  watershed  above 
the  Dalles  is  167,604,940,800  square  feet.  The  mean  precipitation  for 
the  months  of  March,  April,  May,  and  June  can  be  taken  (see  tables  in 
last  report)  at  about  10  inches.  If  we  assume,  for  these  4  months,  that 
tbut  one-half  (or  5  inches)  actually  flows  into  the  streams — a  safe  estimate, 
!probably,  because  before  the  first  of  April  the  ground  in  the  higher 
atitudes  is  not  prepared  for  active  absorption,  nor  does  vegetation 
sert  its  claims  much  before  that  time — we  have  as  the  entire  supply 
o  the  streams  of  the  watershed  above  the  Dalles,  for  these  months, 
9,556,050,432  cubic  feet  of  water.  Now,  the  capacities  of  the  reservoirs 
see  Table  I)  is  about  35,000,000,000  cubic  feet,  and,  if  we  take  this  as  it 
s,  without  reduction  on  account  of  the  factor  J,  we  have  in  round  num- 
ers  34,506,000,430  cubic  feet  of  water  left,  which,  for  the  90  days  of 
LApril,  May,  and  June,  averages  about  4,400  cubic  feet  per  second  pass- 
ing the  Dalles,  the  head  of  navigation.  But  the  reservoirs  are  supposed 
to  be  closed  from  December  1  to  July  1.  We  are  then  entitled  to  add 
to  the  foregoing  the  larger  j)ortion  of  the  precipitation  for  the  months 
of  December,  January,  and  February,  and  if,  as  is  most  probable,  three- 
fourths  of  this  quantity  is  available,  we  have,  to  add  to  that  above 
calculated,  as  passing  Taylor's  Falls,  independently  of  the  reservoirs, 
Ln  round  numbers,  27,000,000,000  cubic  feet.  These  calculations  and 
comparisons  would  seem  to  prove  the  feasibility  of  reservoirs  upon  the 
headwaters  of  the  Saint  Croix,  as  adjuncts  to  navigation,  especially  as 
we  have,  in  using  the  factor  J,  made  allowance  for  every  possible  item 
of  diminution  of  the  water  sui)pl3'. 

My  assistants  who  have  examined  the  coimtry  are  of  the  opinion  that 
the  dams,  if  built  and  operated  as  above,  will  otter  no  detention  to  the 
passage  of  logs,  as  the  reservoirs  will  all  be  filled  before  the  logs  are 
ready  to  pass  the  dams  in  any  numbers,  and  the  calculations  seem  to 
fully  bear  out  this  assertion.  This  subject  will,  however,  be  further 
Investigated.  Inspection  of  Tables  I  and  II  shows  that  a  large  surplus 
exists  for  many  of  the  reservoirs,  so  that,  if  necessary  to  sluice  the  logs 
through  before  these  reservoirs  are  filled  and  ready  for  oi)eration,  suffi- 
cient water  can  be  spared  from  most  of  the  reservoirs  without  uvCvvw^- 


have  still  to  be  made  at  many  of  the  eelected  sites ;  the  cost  of  inal 
aDd  labor  is  cot,  for  tbe  region  under  coDsideratiou,  tlioroiighly  t 
to  uB ;  aod  the  value  of  tbe  laudliable  to  be  overflowed  bas  not  ye 
taken  into  eonaideratiou  in  tlie  estimates,  for  tbe  same  reason. 
lists  of  lands  liable  to  overflow  from  the  constnictiou  of  tbe  pro 
(lams  are  as  correct  as  can  be  made  at  present.  Tbe  land  is  gen 
of  little  value.  The  swell  or  amiilitnde  to  be  caused  by  dams  ] 
across  streams  where  tbe  cuiTent  is  rapid  has  not  been  couside 
being  impossible  to  calculate  it  with  any  certainty  ou  accoant  i 
varying  conditions  for  and  at  each  reservoir,  rapids  running  iuti 
from  broad  expanses  of  water,  &c.  It  seems  best,  therefore,  to  al 
broad  margin  in  the  case  of  overflow,  and  although  tbe  contot 
flowage  lines  are  taken  as  the  intersections  of  the  siirface  of  the  co 
by  planes  of  true  level  passed  through  the  combs  of  the  ditDis,  i 
be  safer,  in  the  cage  of  a  portion  of  a  section  of  land  ap])earing  lia 
be  overflowed,  to  assume  the  entire  section  as  thus  afll'ecteil  un 
least,  actiial  trial  proves  the  coutrary.  The  township  plats  apjH 
show  the  contours  as  proJecte<I  under  the  assumptiou  that  the  si 
of  the  pondedup  water  is  a  plane  of  true  level ;  they  also  show  tl 
tire  sections  in  which  these  contours  lie.  These  remarks  apfily  at 
to  the  Chippewa  and  Wisconsin  Rivers  as  to  the  Saint  Croix. 

It  is  proposed  to  conslniet  the  dams  of  timber,  rock,  and  ean 
may  be  most  easily  attainable.  Several  short  dikes,  to  prevent  tl 
pounded  water  flanking  the  dams,  are  also  provided  for  and  inclad 
the  approximate  estimate  for  each  site. 

Bearing  upim  the  existing  dams  owned  ami  operated  by  private 
ties  and  corporations,  Assistant  Simar  says : 

The  aluiciTif;  Aanm  iu  Wisrousin  are  operated  under  cbarti'Ts  gruit«d  hy  tb« 
to  privalj<  purtica  or  corpora  I  luuti,  K'^uerAlIf  lor  ft  l«riD  of  15  years. 

In  MinuvHoIn,  damslur  Bluicing  loue,  timber,  or  lumber  Hrocouittntcttd  «ud  op< 
under  H  gen<TaL  IJotn^  taiT  pas-wd  Tiy  tbe  State  tu  Idfil,  which  aatborizcn  tbec 
cominiwionerH  of  the  comities  wheivin  diinia  are  to  be  located  to  cr»nt  liceiM 
Tiditit;  aiicbdam  is  iieceBsar.v  at  the  point  applied  for,  and  that  the  ]»ud  is  id  tb 
■eaaion  iif  Ihe  ]>arlie>i  apjUjiug  therefor.  Licenses  luuy  be  granted  for  ft  peril 
exceeding  6  years,  aud  renen-ed  npon  applioatiuu.     Bonila  or  not  leiae  than  $\,l 
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ble  cost  of  115,000  by  giving  the  proprietors  the  same  rights  for  sluicing  logs  and  nsing 
water  which  they  now  have.  This  is  a  new  dam,  and  would  answer  every  purpose  at 
this  point  for  10  years  or  more  with  the  usual  repairs  which  timber  structures  require. 
In  submitting  the  cost  of  a  dam  at  this  point,  however,  I  estimate  ^0,00(1  this  being 
a  safe  estimate  in  either  cavse.  In  regard  to  damage  to  property  by  overtiow,  at  this 
time  we  arc  not  provided  with  sufficient  information  to  give  an  intelligent  estimate. 

In  assuming  one-fourth  of  the  annual  rainfall  as  available,  dams  at  Eau  Claire  and 
Mud  lakes  will  not  bo  required. 

The  cost  of  dams  on  Upper  Saint  Croix,  Rice,  and  Clam  lakes  will  be  materially 
reduced. 

The  list  of  existing  sluicing  dams  does  not  comprise  all  existing  dams  on  the  Saint 
Croix  watei*shed.  but  those  which  were  found  as  far  as  examinations  were  extended 
or  likely  to  be  or  use  in  a  system  of  reservoii's. 

HEADWATERS  OF   THE  CHIPPEWA  RIVER. 

The  average  annual  precipitation  for  this  region  is  taken  at  80  inches 
(see  tables  of  rainfall,  report  of  January  15, 1879).  Tables  I  to  lY,  in- 
clusive, giving  results  based  upon  one-thiid  and  one-fourth  the  annual 
rainfall,  with  alternate  propositions  for  dams  and  reservoirs,  and  ap- 
proximate  cost  thereof,  as  submitted  by  Assistant  Johnson,  are  appended. 
Considering  Table  II — that  based  upon  one  fourth  the  annual  rainfall — 
we  see  thjit  12  eligible  sites  for  dams  have  been  found.    They  are — 

1.  On  the  Manatouish  River,  at  the  outlet  of  Rest  Lake.  Proposed 
dam  15  feet  in  height  and  250  feet  in  length.  Resulting  reservoir  capac- 
ity 1,840,000,000  cubic  feet,  corresponding  to  236.62  cubic  feet  per  second 
for  90  days.  Surplus  supply  1,847,615,300  cubic  feet,  to  be  retained  in 
Bear  Creek  Reservoir.    To  cost  $7,665. 

2.  On  Bear  Creek,  about  10  miles  below  the  outlet  of  the  Flambeau 
Lakes.  Proposed  dam  15  feet  in  height  and  2,500  feet  in  length.  Re- 
sulting reservoir  capacity  5,406,567,152  cubic  feet.  Excess  of  capacity 
over  supply  2,955,591,152  cubic  feet.  Adding  to  the  supply  the  surplus 
from  Rest  Lake  Reservoir,  we  have  4,298,59 1,360  cubic  feet,  corresponding 
to  a  flow  of  552.81  cubic  feet  per  second  for  90  days.    To  cost  $47,500. 

Taking  these  two  reservoirs  together  we  have  surplus  capacity  of 
1,107,975,792  cubic  feet. 

3.  Below  Park  Lake,  on  the  Turtle  River.  Proposed  dam  to  be  15  feet 
high  and  297  feet  in  length.  Resulting  reservoir  capacity  620,782,720 
cubic  feet,  furnishing  for  90  days  79.83  cubic  feet  of  water  per  second. 
To  cost  $9,941.     Surplus  water,  2,410,993,280  cubic  feet. 

4.  At  the  outlet  of  Butternut  Lake.  A  dam  can  be  built  at  this  point 
10  feet  in  height  and  336  feet  in  length,  affording  reservoir  capacity  of 
685,446,400  cubic  feet,  corresponding  to  75.26  cubic  feet  per  second  for 
90  days,  with  surplus  of  111,513,600  cubic  feet.    To  cost  $5,216. 

5.  At  the  outlet  of  Round  Lake  on  the  Upper  Dor6  Flambeau.  Pro- 
X)08ed  dam  to  be  10  feet  in  height  and  170  feet  in  length.  Resulting 
reservoir  capacity  1,303,036,416  cubic  feet,  equal  to  135.93  cubic  feet  per 
second  for  90  days.  To  cost  $10,550.  Excess  of  capacity  of  reservoir 
245,980,416  cubic  feet. 

6.  About  2  miles  below  the  outlet  of  Squaw  Lake.  Proposed  dam  to 
be  9  fftet  in  height;  length,  250  feet.  Resulting  reservoir  capacity 
731,808,000  cubic  feet,  rei)resenting  a  flow  of  84.70  cubic  feet  per  second 
for  90  days.  Cost,  $4,<X>0.  Excess  of  reservoir  capacity,  73,170,800  cubic 
feet. 

7.  Below  the  outlet  of  Bear  Lake,  East  Fork  of  the  Chippewa  River. 
Proposed  dam  19J^  feet  high  and  1,015  feet  long.  Resulting  reservoir 
capacity  1,113,148,856  cubic  feet,  corresponding  to  143.15  cubic  feet  per 
second  for  90  days.  To  cost  $25,925.  Surplus  supply  3,147,019,144 
cubic  feet. 
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capacity  of  reservoir  (i,iy3,(»3;i,5y8  cubic  feet,  i-ixcess  of  capacity  ( 
supply  from  its  own  watershed  1,712,170,!)!>8  cubic  feet,  wLicli  cai 
made  up  from  the  Moose  Lake  surplus.  This  will  tlien  afford  79 
cubic  feet  per  second  for  00  days.  Cost,  9!m,C<1~.  The  establish  niei 
this  dam  will  flood  out  the  Chipjiewa  Indian  \illage  of  Pa-kwa-wi 
This  dam  may,  however,  deprive  a  short  sti-etch  of  the  "West  Fork,  l« 
the  dam-site,  of  the  uecessaiy  quantity  of  water  for  a  time  for  rum 
logs.  It  will  be  seen  from  the  tables  that  the  surplus  supply  at  I 
Lake  Reservoir  joined  to  that  of  the  watershed  of  Little  Chief  Lak 
in  round  numbers,  3,-100,000,(K>0  cubic  feet.  By  raising  the  projH 
dam  at  Little  Chief  Lake  a  foot  or  more  the  necessary  aiuouiit  of  w 
to  establish  the  flow  in  the  lower  part  of  the  West  Fork,  above  allu 
to,  can,  as  reported  by  Assistant  Johnson,  be  turned  into  the  Pa-k 
wang  Reservoir,  whence,  as  surplus  water,  it  will  feed  the  stretch  refei 
to.    (See  A,  general  map.) 

It.  At  Lac  Courtes-Oreilles,  proposed  dam  to  be  5  feet  in  height 
260  feet  in  length.  Resulting  reservoir  capacity  l,98(i,33(>,(M»0  ci 
feet,  equivalent  to  a  flow  of  2.'>5.44  cubic  feet  per  second  for  90  davs. 
cost  $1,031. 

By  reference  to  the  map  it  will  l>e  seen  that  there  are  two  large-s: 
lakes  within  this  watershed  that  have  no  indicated  outlets  on  the  I 
maps.  Time  did  not  admit  of  tracing  these  up.  It  is  here  assumed  I 
they  lie  within  the  Courtes-Oreilles  watershed.  Persons  profess* 
familiar  with  the  coimtry  claim  that  they  feed  Lac  Oourtes-Oreilles. 

12.  On  the  Chipi)ewa  River,  below  the  mouth  of  Paint  Creek,  A  t 
22  feet  in  height  and  620  feet  in  length  can  he  built  here.  Kesull 
reservoir  capacity  505,336,720  cubic  feet,  equivalent  to  (i4.99  cubic  ; 
per  second  for  90  days.    To  cost  *60,000. 

Summing  up,  we  have  in  round  numbers IVom  all  the  reservoirs  ab 
enumerated2,80Ucubicfeetpersecoudfur9p<laystoadd  to  the  noruiall' 
water  dischargeof  the  stream.  The  low-water  discharge  of  the  Chippt 
River  at  the  mouth,  or  at  the  jetties,  may  be  fnken  at  about  2,000  co 
feet  ))er  second,  and  aliout  3,400  cubic  feet  just  above  the  entrann 
Beef  Slough.    When  4,000  cubic  feet  per  second  iiass  through  the  jett 
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Toiic]iii)g  this  region^  Assistant  Johnson  says: 

Northern  Wisconsin  is  still  a  vast  wilderness,  and,  from  the  pr<»gi'ess  that  emigration 
has  made  into  that  portion  of  the  State  since  it  was  opened  by  the  Wisconsin  Central 
Railroad,  it  promi8<?8  to  remain  so  for  twenty  or  thirty  years  to  come.  This  is  par- 
tially owing  to  the  labor  required  in  clearing  up  the  land,  but  more  especially  to  the 
fact  that  the  clay  soil  which  predominat'Cs  in  that  region  is  generally  impervious  to 
water.  Besides  this,  rocks  are  so  common  in  the  soil  that  the  lands  are  not  desirable 
for  farming  purposes.  Even  in  swamps  we  invariably  hnd  bowlders  and  gravel  at 
the  bottom.  Hence  ii  is  difficult  to  see  where  the  existence  of  reservoirs  in  this  region 
will  interfere  either  directly  or  indirectly  with  agricultural  interests. 

In  regard  to  damages  to  water-power  for  mill-sitc^s,  it  is  not  probable  that  lumber 
will  ever  be  manufactured  in  this  region,  for  the  reason  that  the  market  for  lumber  of 
the  Chipi)ewa  Valley  is  in  the  Missis.sippi  Valley,  and,  until  we  reach  the  vicinity  of 
Chippewa  F'alls,  it  would  be  impossible  to  run  lumber  without  going  to  unwarrantable 
expense. 

In  view  of  the  above  considerations  the  reservoirs  will  not  be  detrimental  to  the 
manufacture  of  lumber.  The  only  cause  of  complaint  that  could  arise,  providing  that 
the  lumbering  interests  were  made  subservient  to  the  int^^rests  of  commerce  in  the 
Mississippi  Valley,  is  perhaps  a  delay  of  one  or  two  months  in  getting  the  drives  tp 
their  destination  at  Chijipewa  Falls,  Eau  Claire,  and  points  below.  But  when  we 
consider  that  daring  winters  when  the  fall  of  snow  is  very  small  the  lumbering  inter- 
ests are  embarrassed  during  the  entire  season  following,  as  was  the  case  on  the  Chip- 
pewa in  1878,  a  delay  of  a  mouth  or  two  is  only  a  gjharautee  in  the  end  of  successml 
operations  during  each  season. 

The  area  of  watershed  tributary  to  the  river  at  Chip])ewa  Falls  is 
about  5,500  square  miles,  the  total  area  drained  by  the  river  being  about 
9,600  square  miles. 

The  approximate  total  cost  of  the  dams  and  dikes  would  be  $313,837. 
Construction  of  timber,  earth,  grav  el,  and  rock. 

HEADWATERS   OF   THE   WISCONSIN   RIVEK. 

The  average  annual  precipitation  for  this  region  is  also  taken  at  30 
inches  (see  tables  of  rainfall,  report  of  January  15,1879).  Calculations 
have  been  made,  based  upon  one-third  and  one  fourth  the  rainfall  as 
factors,  the  results  of  which  are  given  in  the  appended  Table  I,  Head- 
waters of  the  Wisconsin. 

The  great  diflficulty  for  the  Wisconsin  system  consists  in  finding  stor- 
age capacity  for  water.  But  six  eligible  sites  for  dams  for  the  formation 
of  reservoirs  of  any  size  have  l)een  found  from  the  surveys  of  this  or  of 
last  season.    They  are : 

1.  On  the  Wisconsin,  below  Eagle  River,  at  Otter  Hapids.  A  dam  can 
be  constructed  here  22  feet  high,  1,300  feet  in  length,  aflbrding  reservoir 
capacity  of  7,3^9,727,488  cubic  feet,  corresponding  to  a  flow  of  950.32 
cubic  feet  per  second  for  90  days.  Surplus,  220,202,592  cubic  feet.  Dam 
and  necessary  diking  to  cost  $38,113. 

2.  On  Sugar  Camp  Creek,  about  IJ  miles  from  its  junction  with  the 
Wisconsin.  A  dam  can  be  built  at  this  locality  12J  feet  in  height,  235 
feet  in  length,  to  create  reservoir  capacity  of  1,350,284,160  cubic  feet,  the 
surplus  capacity  being  339,884,100  cubic  feet,  and  the  quantity  of  water 
impounded  for  one  season  furnishing  a  supply  of  130.71  cubic  feet  per 
second  for  90  days.    Cost  of  dam  and  diking,  $8,162. 

3.  On  the  Wisconsin  River,  just  above  the  mouth  of  Pelican.  A  dam 
can  be  constructed  here  28  feet  in  height,  and  800  feet  in  length,  afford- 
ing reservoir  capacity  of  5,153,180,527  cubic  feet,  corresponding  to  662.71 
cubic  feet  per  second  for  90  days.  Surplus  su])plv,  13,325,873  cubic  feet. 
Cost  of  dam  and  diking,  $62,929. 

4.  On  the  Upper  Tomahawk.  A  dam  12  feet  high,  and  190  feet  long, 
aflbrding  2,226,113,036  cubic  feet  reservoir  capacity,  corresponding  to 
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217.37  cubic  feet  per  second  for  90  days.    Surplus  reservoir  capacitT, 
535,810,796  cubic  feet.    To  cost  $4,729. 

5.  Below  Squirrel  Lake,  on  the  Tomahawk,  a  dam  17  feet  in  height, 
and  315  feet  in  length,  will  create  reservoir  capacity  of  1,338,163,200  cu- 
bic feet,  corresponding  to  a  discharge  of  121.52  cubic  feet  per  second  for 
90  days.  Surplus  reservoir  capacity,  393,201,600  cubic  feet.  Cost  of 
dam,  $17,115. 

6.  On  the  Tomahawk,  below  Rice  Lakes.  A  dam  can  be  placed  hew 
14  feet  in  height,  and  1,100  feet  long,  to  create  reservoir  capacity  of 
1,043,516,880  cubic  feet,  eorrespondiug  to  134.19  cubic  feet  per  second 
for  90  days.     Surplus  supply,  5,821,539,120  cubic  feet.     To  cost  $24,930. 

Dams  at  Lac  Vieux  Desert  and  Twin  Lakes  can  be  established  to  hold 
the  surplus  at  Otter  Kapids. 

On  account  of  the  forced  locations  for  these  dams  so  near  the  extreme 
sources,  the  reservoir  capacity  produced  by  several  of  them  is  in  excess 
of  the  supply,  although  the  total  sui'plus  from  the  area  tributary  to  the 
'proposed  reservoirs  is  estimated  at  4,500,000,000  cubic  feet. 

The  quantities  above  given  are  based  upon  one-fourth  the  rainfall  ag 
a  factor. 

It  is  claimed  by  some  and  denied  by  others,  who  profess  famiharity 
with  the  Wisconsin  River,  that  a  site  for  a  high  dam  exists  below  the 
junction  of  the  Tomahawk  and  Wisconsin  rivers,  and  that  a  reservoir 
can  be  created  of  sufticient  capacity  to  retain  the  surplus  waters  from 
the  reservoirs  above.  It  is  of  importance  to  settle  this  question,  and  it 
is  proposed,  as  soon. as  an  opportunity  occurs,  to  send  a  small  i>arty  to 
examine  the  ground  instrumentally,  and  also  to  further  examine  Pelican 
River. 

With  the  reservoirs  now  found  practicable  we  can  deliver,  in  round 
numbers,  2,300  cubic  feet  per  second  for  a  period  of  90  clays.  This 
quantity,  considered  as  an  increment  to  the  discharge  of  the  Mississippi 
River  at  the  mouth  of  the  Wisconsin,  would  be  too  small  to  prove  (rf 
benefit  to  the  Mississippi  below  that  point.  The  surplus  water  from  the 
areas  tributary  to  the  proposed  reservoirs  is  so  great  that  we  can  dismiss 
the  question  of  any  diminution  of  the  2,300  cubic  feet  on  account  of 
evaporation  from  surfaces  of  reservoirs,  or  en  route  to  the  lower  river,  or 
by  absorption  en  route. 

Lagren6  {Cours  de  navigation  intirienre)  states  that  the  rate  of  evapo- 
ration from  water  in  a  state  of  agitation  compared  with  that  from  \ht 
surface  of  a  body  of  water  at  rest  has  been  reported  as  65  to  45.  Of 
course  this  proportion  varies  with  localities  and  change  of  conditions 
The  discharge  of  the  impounded  water  will  in  some  cases  upon  the  Wis- 
consin (and  also  upon  the  Saint  Croix  and  Chippewa  rivers)  pass  ovff 
rapids  of  greater  or  less  expanse.  But  any  snch  items  of  diminution 
sink  into  insignificance  when  compared  with  the  surplus,  not  only  from 
the  areas  above  the  reservoirs,  but  from  the  watershed  generally.  IV 
matter  is  merely  touched  upon  here  to  show  that  it  has  received  atten- 
tion. 

A  small  portion  of  the  sur^jlus  waters  may  be  held  by  convertmg  Lae 
Vieux  Desert  and  Twin  Lakes  into  reservoirs  by  the  construction  of 
dams  at  an  estimated  cost  of  $15,000  to  $20,000. 

The  entire  area  of  the  Wisconsin  River  watershed  is  about  11,800 
square  miles.  The  total  area  above  the  iiroposed  reservoirs  is  about 
1,410  square  miles,  and  the  area  of  watershed  tiibutary  to  the  rirer 
above  Portage,  tlie  head  of  navigation,  is,  after  deducting  that  from 
which  the  reservoirs  would  draw  their  supply,  about  6,800  square  miles. 
So  that  no  injurious  efi*ects  are  expected  to  accrue  to  navigation  upon 
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the  Lower  Wisconsin  at  any  time  owing  to  the  impounding  of  water 
before  July  1.  As  to  any  interruption  to  the  operations  of  log-driving 
before  the  gates  can  be  opened,  or  as  to  the  quantities  of  water,  if  any, 
necessary  to  be  expended  from  the  reservoirs  before  July  1  for  sluicing 
logs,  I  am  not  at  this  moment  prepared  to  speak  decidedly. 

The  advantage  of  driving  logs  with  sufficient  supply  of  water  will, 
doubtless,  be  considered  by  lumbermen  as  compensation  for  any  short 
delay.  Whether  an  increment  of  2,300  cubic  feet  per  second  for  90  days, 
added  to  the  normal  discharge  of  the  stream  during  a  period  of  90  days, 
when  low-water  ordinarily  occurs,  will  be  of  material  benelit  to  the  navi- 
gable stretches  below  the  proposed  dams  or  not  is  a  matter  in  regard 
to  which  I  would  respectfully  defer  to  the  officer  in  charge  of  the  im- 
provement of  the  Wisconsin  Eiver. 

The  total  estimated  cost  of  the  proposed  dams,  including  those  at 
Vieux  Desert  and  Twin  Lakes,  is,  as  given  by  Assistant  Raynolds, 
♦170,978.  This  estimate  is  only  an  approximate  one,  it  being  difficult 
to  arrive  at  close  estimates  for  the  region  under  consideration,  and  es- 
pecially so  in  the  absence  of  borings  at  selected  dam-sites. 

Damage  to  property  from  overflow,  caused  by  the  proposed  dams,  has 
not  been  arrived  at,  but  it  will  be,  it  is  thought,  slight,  as  the  land  is 
generally  of  little  value.  Lists  of  lands  liable  to  overflow,  as  complete 
as  can  be  made  at  present,  are  appended. 


EFFECT   UPON   THE  NAVIGATION   OF    THE  MISSISSIPPI  RIVER   OF  ALL 
THE    RESER 
MISSISSIPPI. 


THE    RESERVOIRS,    INCLUDING    THOSE    AT    THE    SOURCES    OF    THE 


Collecting  the  various  items  of  discharge,  we  find  that  we  can  control, 
fi*om  the  proposed  reservoirs  at  the  sources  of  the  Mississippi,  sufficient 
water  to  insure  a  steady  flow  of,  at  the  least,  12,200  cubic  feet  per  second^ 
past  Saint  Paul,  for  100  days  (see  my  report  of  December  12, 1879) ;  and 
from  the  Saint  Croix,  for  the  same  period,  6,000  cubic  feet  per  second. 
The  sum  of  these  gives  about  18,000  cubic  feet  per  second  for  100  days. 

A  gauging  of  the  Mississippi  River,  in  the  fall  of  1878,  taken  several 
miles  below  the  mouth  of  the  Saint  Croix,  under  the  direction  of  Major 
Farquhar,  Corpsof  Engineers,  reduced  to  the  low-water  of  1864,  showed 
10,100  cubic  feet  of  water  per  second  passing  that  point,  or  but  little 
more  than  one-half  of  the  quantity  that  can  be  assured  for  100  days,  as 
above  stated.  Now,  carrying  oiu*  quantity  forward  to  the  mouth  of  the 
Chippewa,  neglecting  the  area  of  watershed  tributary  to  the  river  be- 
tween the  Saint  Croix  and  the  mouth  of  the  Chippewa,  we  have  at  the 
latter  point  4,860  cubic  feet  more  per  second  for  100  days,  or,  in  all, 
22,860  cubic  feet  per  second  for  100  days.  And  passing  the  mouth  of 
Beef  Slough  we  have  about  23,660  cubic  feet  per  second  for  the  same 
period ;  in  round  numbers,  24,000  cubic  feet. 

A  gauging  of  the  Mississippi  Eiver  at  Winona,  about  30  miles  below 
Beef  Slough,  under  direction  of  Major  Farquhar,  in  1878,  reduced  to 
the  low- water  of  1864,  showed  11 ,190  cubic  feet  of  water  per  second  pass- 
ing that  point,  or  less  than  one-half  of  the  quantity  that  can  be  assured 
from  the  combined  operations  of  the  proposed  reservoirs  at  the  sources 
of  the  Mississippi,  Saint  Croix,  and  Chippewa  rivers,  added  to  the  nor- 
mal low-water  flow  of  these  three  streams ;  24,000  cubic  feet  per  second 
for  a  width  as  at  Winona  would  afford  not  less  than  5  feet  in  the  chan- 
nel. 

We  have  thus  far  neglected  the  smaller  watersheds  between  the 
mouth  of  the  Saint  Croix  and  the  mouth  of  the  Chippewa.    By  exam- 
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iniug  the  table  of  watersheds,  Appendix  X,  we  see  that  betweet  the 
mouth  of  Beef  Slough  and  the  mouth  of  the  Wisconsin  is  a  watershed 
of  about  8,000  square  miles.    The  precipitation  over  this  area  for  the 
months  of  July,  August,  September,  and  October  may  be  taken  as  av- 
eraging 12  inches.    Assuming  i  as  a  factor,  we  have  as  additional 
quantity  of  water  just  above  the  Wisconsin  an  average  of  6,400  cubic 
feet  for  120  days,  or  omitting  the  20  days,  in  all  a  little  more  than  29,000 
cubic  feet  for  100  days;   and  just  below  the  mouth  of  the  Wisconsin 
(adding  the  low-water  flow  of  that  stream  to  the  2,300  cubic  feet  from  its 
reservoirs),  at  least  36,000  cubic  feet  per  second  for  90  days.     As  to  what 
can  best  be  accomplished  on  the  Mississippi  Elver  below  Saint  Paul  by 
these  volumes  the  officer  in  charge  of  that  stretch  of  river  is  better  pre- 
pared to  answer. 

The  figures  that  have  been  taken  as  representing  the  low-water  flow 
of  these  streams  are  much  below  their  average  discharges  between  July  1 
and  the  middle  of  November. 

Many  of  the  reservoirs  will  have,  when  considered  only  with  reference 
to  one  season,  large  surplus  capacities.  But,  on  the  other  hand,  there 
may  be  expected  to  compensate  seasons  when  the  full  supply  will  not 
be  drawn  upon.  In  this  case,  the  water  can  accumulate  and  fiU  them  to 
their  maximum  capacities. 

As  regards  the  effect  upon  the  quautit^^  of  rainfall  annually  by  defor- 
esting and  rewooding  extensive  areas  of  country,  1  will,  without  refer- 
ring to  meteorological  observations  made  by  myself,  refer  to  those  tab- 
ulated in  my  report  of  January  15,  1879.  By  an  inspection  of  these  ta- 
bles it  will  be  seen  that  the  Saint  Paul  records  cover  seven  consecutive 
years,  viz.,  from  1872  to  1878,  inclusive. 

The  annual  rainfall  is  for — 


SAINT  PAUL,    MINNESOTA. 


"? 


Incbe«. 

For  1872 28.86 

1873 33.74 

1874 35.57 

1875 30.66 


Inches. 

For  1876 23.67 

1877 28.80 

1878 22.09 


FORT  SNKLLIXG,   MINNESOTA. 

For  1837 24.02  For  1853 20.47 


1838 

1839 

1840, 

1841 

1843 

1844 

1845 

1846 

1847. 

1848. 

1849 

1850. 

la^i. 

1852. 


27. 
21. 
23. 
21. 
23. 
30. 
25. 
26. 
21. 
23. 
49. 
25. 
23. 
15. 


72 
19 
17 
67 

70 
24 
34 
10 
80 
18 
69 
50 
42 
07 


1854 

1855 

1856 

1857 

1868, 

1869 

1870 

1871 

1872 

1873 

1874 

1875, 

1876 

1877. 


26.59 
24.75 

22.es 

32.09 
32.21 
34.83 
26.07 
21.78 
17.(8 
18.71 
18.56 
27.  IJ 
28.32 
19.43 


FORT  RIPLEY.  MINNESOTA. 


For  1850 35.32 

1852 34.52 

1853 26.12 

ia=>4 18.49 

1855 23.55 

1856 25.33 

1858 19.  Kl 

1859 26.00 

I860 30.61 

1861 32.42 


For  1862 ;  14.39 

1863 17.30 

1867 :<0.34 


1868, 

1871 

1872 

1873. 

1875 

1876 


28.(0 
34.02 
34.77 
40.78 
28.17 
19.48 
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FORT  RIDGELY,   MINNESOTA. 


Inches. 

For  1855 34.78 

1856 : 23.20 

1857 38.38 

1858 22.52 

1859 32.85 


Inchen. 

For  1860 16.97 

1861 21.89 

1862 30.05 

1863: 18.17 

1864 14.46 


DULUTH,  MINNESOTA. 


For  1873 : 38.42 

1874 39.86 

1875 25.13 


For  1876 31.86 

1877 32.19 


PORT  PEMBINA,   DAKOTA. 


For  1872 17.19 

1873 14.05 

1874 11.88 


For  1875 11.60 

1876 24.70 

1877 22.04 


FORT  ABERCROMBIE,   DAKOTA. 


For  1861 23.39 

1862 11.38 

1863 13.40 

1864 16.  a5 


For  1868 18.90 

1870 20.47 

1871 15.27 

1872 27.83 


FORT  WINNEBAGO,    WISCONSIN. 


For  1837 31.34 

1838 27.88 


1839 28.9.5 

1840 27.12 


For  1841 28.45 

1842 24.51 

1843 , 22.80 


FORT   HOWARD,    WISCONSIN. 


1 


For  1836 37.64 

1837 40.55 

1838 37.56 


For  1839 31.28 

.1840 33.57 

1851 31.47 


The  felling  of  timber  has  been  actively  carried  on  over  the  greater 
portions  of  Minnesota  and  Wisconsin  for  the  past  thirty  years,  having 
been  especially  active  for  the  past  fifteen  years,  and  the  records  do  not 
indicate  any  decrease  in  the  annual  precipitation  due  to  deforesting 
the  country.  Nor  does  there  appear  from  inspection  of  the  monthly 
means  of  rainfall  contained  in  the  report  above  referred  to  any  logical 
connection  between  the  felling  of  trees  and  the  distribution  of  the  rain- 
fall by  seasons.  It  would  be  premature,  however,  to  express  any  de- 
cided opinion  in  this  matter,  as  nothing  but  long  continued  observations 
can  furnish  the  means  of  arriving  at  conclusions  in  the  case.  Meteoro- 
logical conditions  vary  for  diff'erent  areas. 

Cultivation  of  the  ground  may,  it  is  much  easier  to  see,  affect  the  ilow 
of  water  into  the  streams,  sometimes  conducing  to  a  rapid  increase  in  the 
Tolumes  of  the  streams,  and  again  retarding  the  flow  so  as  to  maintain 
a  more  equable  stage,  depending  upon  surface  and  subsurface  formation, 
&c.  Long  contin^ieu  observations  of  the  daily  stand  of  water  in  the 
principal  affluents  and  the  main  streams,  as  well  as  frequent  gaugings  of 
the  flow  of  water  in  each,  aflbrd  the  only  means  of  arriving  at  any  con- 
clusions of  value  upon  this  point. 

We  have  ascertained  as  far  as  possible,  to  date,  the  extent  of  prop- 
erty liable  to  overflow  or  to  be  affected  by  the  construction  of  the  pro- 
posed dams.  Doubtless  some  interests  will  be  benefited  by  the  creation 
of  the  reservoirs ;  others,  again,  will  be  injured.  Many  of  the  dams  pro- 
posed will,  if  constructed,  develop  water-power. 

The  examinations  necessarily  covered  more  ground  than  was  at  first 
anticipated.  Much  of  the  information  that  had  been  furnished  tlve^  v^x- 
ties  by  persons  pwfeasiDg  familiarity  with  the  eownlrj  ^«ka  io\y\v^.^  w\>w^ 
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examination  of  the  ground,  to  be  worthless.  The  greater  part  of  the 
field  work  has  been  accomplished,  but  reconnaissances  of  several  posa- 
ble  sites  ought  to  be  made.  In  addition,  borings  at  most  of  the  selected 
damsites  upon  the  Saint  Croix,  Chippewa,  and  Wisconsin  rivers  should 
be  made  in  order  that  estimates  of  the  cost  of  foundations  may  be  ren- 
dered with  more  exactness  than  can  be  done  at  present.  Meteorological 
observations  should  be  continued  in  Wisconsin  for  another  year  at  least, 
and  the  main  streams  and  affluents  more  thoroughly  gauged.  The  esti 
mated  cost  of  the  examinations  and  observations  is  $10,000. 

I  would  especially  invite  attention  to  the  valuable  reports  of  Assist- 
ants Simar,  Johnson,  and  Raynolds,  herewith  submitted. 

Assistant  J.  D.  Skinner  has  continued  in  immediate  charge  of  the 
parties  in  the  field,  contributing  largely  to  th^  successful  operations  of 
the  season. 

I  am  much  indebted  to  Mr.  J.  P.  Frizell,  principal  assistant,  and  to 
Assistant  Engineers  Guy  Wells  and  C.  J.  A.  Morris  in  the  matter  of  es- 
timates for  and  details  of  dams,  &c. 

It  will  be  seen  from  the  foregoing  that  if  the  plan  of  reservoirs  as 
adjuncts  to  the  navigation  of  the  Upper  Mississippi,  Saint  Croix,  Chip- 
pewa, and  Wisconsin  be  adopted,  good  results  for  each  stream,  and  ulti- 
mately to  the  main  Mississippi,  can  best  be  realized  by  the  constructioD 
of  all  the  dams  proposed.  The  question  of  expediency,  however,  is  out 
with  which  the  engineer  generally  has  little  to  do,  his  ofiQce  commonk 
being  to  present  facts  and  figures. 

In  order  to  operate  the  dams  to  best  advantage  they  should  all  come 
within  telegraphic  communication  with  a  central  office.  The  cost  of 
telegraph-lines,  including  batteries,  &c.,  for  the  several  systems,  is  esti 
mated  as  follows: 

For  the  Upper  Mississippi |15, 5S 

For  the  Saint  Croix 12,756 

For  the  Chippewa 9,006 

For  the  Wisconsin 9, 000 

These  estimates  may  be  reduced  as  private  telegrai^h-liues  multiply 
and  where  consolidation  can  be  efl^ected  in  the  case  of  several  dami 
being  separated  from  each  other  by  but  a  few  miles. 

The  cost  of  maintaining  the  dams,  &c. — understanding  by  this  tk 
repairs — is  not  easy  to  state.  From  the  best  information  to  date,  I 
assume  that,  if  well  built,  15  per  cent,  of  their  original  cost  will  suflict 
for  the  first  ten  years. 

The  cost  of  operating  a  dam  would  probably  average  $8(H)  per  annum. 
The  dam-tenders  could  perform  the  duties  of  the  telegraph  operators 
and  meteorological  observers  also.  Some  reduction  in  expense  of  oper 
ating  dams  might  be  made  by  consolidation.  A  system  of  gauge-rods  at 
prominent  points  on  the  streams  and  the  employment  of  gauge-readers 
would  also  be  necessary.    Probable  cost  per  annum,  $1,50<). 

BECAPITULATION   OF  ESTIMATES. 

Sources  of  the  Mhaissippi,     (See  report  of  December  12,  1879.) 

Dams $.'W6,927» 

Telegraph-liues,  &c 15^  525  (K* 

Total 402, 452  3y 

Maiotenance  the  first  ten  years,  15  per  cent GO,  3()7  ft 

Cost  of  operating  dams,  per  annnm 5,600  00 

Gauge-rods  and  observers,  per  auunm 375  00 
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Sources  of  the  Saint  Croix. 

Dams $385,720  28 

Contingencies  of  engineering,.  10  percent • 38,572  02 

Telegraph-lines,  &c 12,760  00 

Total 437,042  30 

Maintenance  firat  ten  years,  15  per  cent 65, 556  34 

Cost  of  operating,  per  annum 6,  400  00 

Gauge-rods  and  observere,  I>er  annum 375  00 

Sources  of  the  Chippewu. 

Dams $313,837  00 

Contingencies  of  engineering,  10  per  cent 31, 383  70 

Telegraph-lines 9,000  00 

Total 354,220  70 

Maintenance  first  feu  years,  15  per  cent 53,133  10 

Coftt  of  operating  dams  per  annum 5, 600  00 

Gauge-rods  and  observers,  per  annum .' 376  00 

Sources  of  the  WisconMn. 

Dams ,..  $170,978  00 

Contingencies  of  engineering,  10  per  cent 17,097  80 

Telegraph-lines 9,000  00 

Total 197,075  80 

Maintenance  first  ten  years,  15  per  cent 29, 561  37 

Cost  of  operating,  per  annum 4, 000  00 

Gauge-rods  and  observers,  per  annum 375  00 

To  accompany  this  report  are  appendixes  a  to  x,  inclusive,  and  the 
following-named  maps  and  i>lots : 

One  general  map  of  the  Saint  Croix  watershed. 

One  general  map  of  the  Chippewa  wat^rahed. 

One  general  map  of  the  Wisconsin  watershed. 

One  plotting  of  gauge-readings  at  Taylor's  Falls,  Saint  Croix  River,  1879. 

Ouejjlotting  of  gauge-readings  at  Stillwater,  Saint  Croix  River,  1879. 

One  plotting  of  gauge-readings  at  Eau  Claire,  Chippewa  River,  1879. 

One  plotting  of  gauge-readings,  mouth  of  Chippewa  River,  1879. 

One  set  colored  x>lats,  lands  liable  to  overflow,  Saint  Croix  River. 

One  set  colored  plats,  lauds  liable  to  overflow,  Chippewa  River. 

One  set  colored  plats,  lands  liable  to  overflow,  "Wisconsin  River. 

In  all,  24  appendixes  and  10  maps  and  plots. 

Very  respectfully,  your  obedient  servant, 

CuAS.  J.  Allen, 

Captain  of  Engineers. 
Brig.  Gen.  H.  G.  Wright, 

Chief  of  Engineers  J  U,  S.  A. 
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Saint  Croix  Rivek. 

repokt  of  mr.  vine  d.  simar,  assistant  engineer. 

Enoinekr  Office,  United  States  Army, 

Saint  rauly  December  30,  1879. 

Sir:  I  have  the  honor  to  submit  the  following  prelimmaTy  Tfe\>^T\.  ot  «vlxn^^%  «iv^ 
examinatio/i^  of  the  sources  of  the  Saint  Croix  River,  witV  ttvvcm^  oK.  %'fcwcY^  vcvwjk 


m 


f     t 


The  main  party  left  Saint  Paul  June  12,  via  the  North  Wiaconsiii  Railroad  to^ 
ite  Lake,  at  that  time  the  terminus  of  the  line,  and  about  !iK)  miles  distant  froi 
low  River  crossing.  This  distance  was  made  by  teams  through  the  Big  Woo^ 
over  execrable  roads.  Upon  arriving  at  Yellow  River,  the  I4th,  i«rork  was  ei 
from  this  point  by  running  a  line  of  levels  up  the  river  to  Mud  Lake.  This  lal 
an  area  of  2i  square  miles,  and  can  be  made  available  for  holding  any  »mall  si 
not  held  at  more  eligible  points.  A  line  of  levels  was  run  down  the  river  from  \ 
River  crossing  to  Rice  Lakes,  at  which  point  a  dam  site  was  selected,  and  s 
made,  to  obtain,  if  possible,  holding-grounds  for  the  suri)Iu8  not  held  on  Yellow  1 

The  dam  site  aftbrds  a  rise  of  25  feet  above  low-water.  This  was  taken  as  th 
posed  height  of  dam,  and  contour  lines  run  to  that  elevation.  After  eonipletir 
survey  of  the  dam  site,  transit- Hues  were  run  around  the  entire  holdliig-grouudi 
as  near  as  practicable  to  the  line  of  flowage.  A  line  of  levels  fol lowed,  and  frp> 
cross-section  lines  were  nm  out,  to  accurately  determine  the  flowage  line.  lut 
diate  lines  were  run  with  compass  where  required.  The  location  of  the  dam-i 
the  best  that  could  be  found.  It  has  a  length  of  500  feet  on  top,  Avhile  the  val 
about  250  feet  wide  at  a  rise  of  15  feet.  The  banks  of  the  stream  are  eonipoe 
sand  and  fine  gravel.  The  bed  of  the  river  consists  of  sand  and  gravel  to  a  dej 
10  to  15  feet.  At  this  depth  there  appears  to  be  a  deposit  of  clay  and  travel ; 
however,  could  not  be  accurately  determined  with  the  appliancen  with  which  we 
provided.  In  addition  to  the  dam  proper,  there  will  be  required,  at  different  p 
about  1,500  linear  feet  of  dike,  of  an  average  height  of  13  leet.  Our  surveys 
the  following  results  on  Yellow  River: 

Area  of  watershed,  321|  square  miles 8.  962,  905,  6CM)  square 

Available  rainfall 0.7 

Cubic 
Supply  from  watershed 6, 274.  OS 

Capacity  of  reservoirs :  , 

Yellow  Lake,  survey  of  1878 cubic  fc et . .  A,  402,  7 12,  000 

Rice  Lake,  survey  of  1879 do....  .2,  474,  944,  500 


^      t 


Total  holding  capacity 5, 877»<i5( 


Leaving  a  surplus  of 396,37" 

which  can  be  held  on  Mud  Lake  with  6  feet  rise  of  dam,  thus  leaving  no  snrplo 
Yellow  River. 

From  reservoirs,  full,  can  be  furnished  for  90  days,  per  day,  69,711,488  cubic 
per  second,  807  cubic  feet. 

CHARACTER  OF   THE   STREAM. 


APPENDIX    U.  1617 

not  deeiued  advisable  to  make  avSiirvoy  at  the  hitter  point,  there  beiu<jf  only  43  square 
miles  of  watershed  to  supply  a  reservoir  which  gives  by  one-third  the  aunual  rain- 
fall, about  800,000,000  cubic  feet.  This  amount  can  be*  held  by  the  sluieing-dam  in 
operation  at  the  outlet  of  Namakagon  Lake. 

The  dam  site  at  Veazie's  affords  a  height  of  30  feet.  Contour  lines  were  run  to  this 
elevation,  the  work  being  done  in  a  similar  manner  as  at  Rice's  Lakes.  Upon  com- 
pleting the  survey,  it  was  found  that  the  holding-grounds  were  not  as  large  as  had 
t>een  anticipated.  They  comprise :  Whalen's  Lake  and  the  valley  of  Whalen's  Creek 
on  the  north ;  Trout  Brook  on  the  south  ;  the  valley  of  the  Namakagon  to  the  mouth 
of  Spring  Brook,  and  the  valleys  of  Bean  Brook  and  Jordan  Creek  between  these 
points.  These  valleys  are  small,  sloping  to  higher  grounds  on  either  side,  rendering 
the  holding  capacity  of  the  reservoir  small. 

Dam  9ite, — The  banks  are  high  at  this  point,  the  length  of  dam  being  "330  feet,  to 
which  must  be  added  700  linear  feet  of  dike,  with  an  average  height  of  6  feet  on  the 
north  side  of  the  river.  The  river  banks  are  sand  and  light  soil  ;  the  bed  of  the 
stream  is  of  sand  and  fine  gravel  to  a  depth  of  6  to  10  feet.  Careful  soundings  were 
taken  to  determine,  if  possible,  the  nature  of  this  substratum,  which  was  thought 
to  be  day  and  gravel  or  some  equally  hard  material.  Upon  completing  our  work  at 
this  point,  examinations  were  continued  down  the  river.  A  line  of  levels  was  ran 
down  the  river  to  Moore's  Station,  1|  miles  below  the  mouth  of  the  Totogatic,  to  con- 
nect with  the  base  line  of  levels  run  from  Rush  City.  Observations  were  frequently 
•  made  to  determine  the  slope  of  the  river.  Arriving  at  the  mouth  of  McKenzie  Brook, 
a  line  of  levels  was  run  up  the  creek  to  McKenzie  Lake  to  ascertain,  if  possible,  how 
to  utilize  this  and  the  lakes  above  for  holding-grounds  on  the  Namakagon  River,  as 
it  wras  thought  possible  to  flow  these  lakes  by  putting  a  dam  across  the  Nanuikagon,  a 
short  distance  below  the  mouth  of  the  creek.  This  was  found  to  be  impracticable, 
there  being  a  rise  of  33  feet  from  the  mouth  of  the  creek  to  the  first  lake,  a  distance 
of  2^  miles.  Hasty  examinations  were  made  in  the  viointy  of  Webb  Creek  and  Lake 
and  at  the  mouth  of  the  Totogatic  River  to  find,  if  possible,  sufficient  holding-grounds 
to  justify  us  in  making  a  survey  at  this  point,  the  surplus  on  the  Namakagon  being 
very  large.  Subsequent  surveys  were  made  with  the  following  results :  By  putting  a 
high  dam  across  the  Namakason,  1  mile  below  the  mouth  of  the  Totogatic  River,  a 
large  holding-ground  can  be  obtained  and  the  supply  be  drawn  from  either  of  the  two 
named  rivers.  Forty  feet  were  taken  as  the  rise  of  dam.  Transit  and  level  lines  were 
run  up  the  Totogatic  a  distance  of  10  miles,  to  the  mouth  of  Chicorg  Creek,  and  up 
the  Namakagon  to  Casley  Brook,  12  miles  above  the  dam  site.  From  these  base  lines 
numerous  intermediate,  transit,  compass,  and  stadia  lines  were  run  out,  as  occasion 
recjuired.  The  area  of  holding-grpunds  is  about  7|  square  miles,  comprising  10  miles 
of  the  valley  of  the  Totogatic,  12  miles  of  the  valley  of  the  Namakagon,  Webb  Creek 
Valley,  Webb  Lake,  and  some  small  lakes,  with  adjacent  marshes  and  low  lands.  Our 
suFN'eys  show  the  following  results  on  the  Namakagon  River  : 

Area  of  watershed  above  lower  dam  site = 648  square  miles  =  18,065,203,200  square  feet. 

Annual  rainfall 25  inches. 

Available  rainfall 0,7  foot. 

Cable  feet. 
Supply  from  watershed 12,645,642,240 

Capacity  of  reservoirs : 

Veazie'S 1,379,393,850 

Mouth  of  Totogatic  drawn  from  Namakagon 3, 082, 033, 820 

Total  holding  capacity 4,461,427,670 

Leaving  a  sur^dus  of 8,184,214,570 

From  reservoirs  full,  for  90  days,  can  be  furnished,  per  day,  49,571,418  cubic  feet; 
per  second,  573  cubic  feet. 

The  surplus  on  the  Namakagon  may  be  reduced  about  800,000,000  cubic  feet  by 
utilizing  the  holding-grounds  at  Namakagon  Lake. 

Dam  site  is  located  4  miles  above  the  mouth  of  the  Namakagon  and  1  mile  below 
the  mouth  of  the  Totogatic,  at  the  head  of  a  stretch  of  rapids.  At  this  }M>int,  the  high 
banks  on  either  side  approach  to  within  600  feet  before  breaking  away  into  the  valley 
of  the  Saint  Croix,  thus  afibnling  a  very  goml  site  for  a  dam.     The  banks  are  com- 

rsed  of  sand  and  gravel.  The  river  bed  is  of  the  same  material,  to  a  depth  of  from 
to  20  feet,  proceeding  from  the  right  to  the  left  banks.  The  substratum  at  this 
depth  is  a  clay  and  gravel  hard-pan.  Upon  gaining  this  information,  it  was  deemed 
that  a  40-foot  rise  of  dam  would  not  be  impracticable.  The  river  at  this  point  has  a 
width  of  200  feet,  and  the  valley,  at  40-foot  rise,  a  width  of  600  feet. 

102  E 
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CHARACTER  OF  THE  COUNTRY. 

The  source  of  the  Namakagoo  is  Lake  NamakagOD^  situated  in  the  southeast  comer 
of  Bayfield  County,  and  near  the  divide  in  the  -v^atersheds  of  the  Chippewa  Rivw 
and  Lake  Superior.  They  consist  of  numerous  lakes,  and  extensive  cedar  and  tamanc 
marshes.  From  Namakagon  Lakes  to  Veazie's  the  river  is  generally  narrow  and  rapid, 
stretches  of  rapids  over  native  trap-rock  heing  frequent.  There  are  also  several  ver- 
tical falls  of  from  2  to  4  feet.  The  banks  are  hi^h  on  either  side,  stretching  away  into 
high  broken  ridges  and  sand  barrens,  covered  with  the  various  kinds  of  pine;  hemlocl 
and  birch  being  found  on  the  upper  portions  of  the  river.  From  Veazie*8  to  the  mouth 
the  river  is  from  100  to  200  feet  wide,  and  in  some  cases  attaining  a  greater  width  is 
passing  over  gravel  bars.  There  are  several  sharp  pitches  and  rapids,  principal  (tf 
which  Jire  *'  Little  "  and  *'  Big  Bull  "  Rapids,  and  "  Dupee  Plata."  The  river  is  Davi- 
gable  for  small  boats,  such  as  bateaux  and  canoes,  at  a  stage  of  1  foot  above  lev- 
water.     The  slope  of  the  river  is  about  5  feet  per  mile. 

Leaving  Moore's  Station,  August  2,  a  line  of  levels  was  run  from  near  An toine  Gordon's 
place  through  to  Eau  Claire  Lakes,  where  a  survey  was  ma<le  and  holding-groun<b 
found  for  the  suqilus  on  the  Upper  Saint  Croix  not  held  by  dams.  A  dam  site  ku 
selected  at  the  outlet  of  first  Eau  Claire  Lake  and  al)ove  the  old  sluicins  dam.  A  ri* 
of  12  feet  was  obtained  for  dam  site,  which  has  a  length  of  220  feet.  The  banks  cca- 
sist  of  sand  ;  the  river  bed  being  apparently  sand  and  gravel.  The  holding-groaDdi 
comprise  first  and  second  Eau  Claire  Lakes,  Cranberry  Lake,  and  several  mai-shes. 

Results  on  Upper  Saint  Croix : 
Comprising  that  portion  of  the  watershed  above  dam  site 

below  Lake  Saint  Croix  in  section  35,  town  44  north, 

range  13  west,  290  square  miles 8, 084, 736, 000  square  fe«. 

Annual  rainfall 25  inches. 

Available  rainfall 0.7  feet. 

Cubic  fe^t 

Supidy  from  watershed 5, 659, 315, 2W 

Capacity  of  reservoii^s :  ' 

Lake  Saint  Croix cubic  feet..  4,698,269,800 

Eau  Claire  Lakes do 961,045,400 

Total  capacity  of  reservoirs 5, 659,315, 3« 

leaving  no  surplus. 

From  reservoirs  full,  for  90  days,  can  be  furnished,  per  day,  62,881,280  cubic  feet;  per 
second,  728  cubic  feet. 

Second  Eau  Claire  Lake  has  an  elevation  of  1,122  feet  above  sea-level.  The  lakes 
are  surrounded  by  high  banks.  On  the  '\?^est  they  are  gently  rolling,  while  on  the  ea« 
and  soutk  the  country  is  high  and  broken,  the  ridges  being  covered  with  pine,  hemloet 
and  hard  woods.  Frequent  outcroppings  of  the  copper-bearing  rock  of  Lake  Snperier 
are  found.  After  completing  this  work,  a  line  of  levels  was  nm  through  to  Blackbimi 
Crossing  on  the  Upper  Totogatic,  thence  up  the  river  t-o  the  sluicing  dam  located  ii 
section  12,  township  42,  range  10  west,  and  about  fifty  miles  above  the  mouth.  A  cros^ 
section  was  made  about  fifty  feet  above  the  site  now  occupied  by  a  dam.  l*>om  this 
point  sufficient  examinations  were  made  to  determine  the  holding  capacity  of  the 
valley  and  marshes  above,  and  that  a  12-foot  dam  will  hold  the  supply  of  the  water- 
shed above  this  point.  Our  line  of  levels  was  continued  through  to  Little  Puckw*- 
wance,  where  connection  was  made  with  the  line  of  levels  run  from  Veazie's  to  thii 
point  oy  Assistant  Davenport  in  the  earlier  part  of  the  work.  The  dam  site  has  a 
length  of  360  feet.  The  banks  are  clav  and  sand.  A  ledge  of  trap-rock  exists  aboat 
1  foot  below  the  river  bed,  and  above  this  rock  is  a  deposit  of  loam,  clay,  and  bowldeis^ 
We  are  enabled  to  show  the  following  resulte  on  the  Totogatic  River : 

Area  of  watershed,  389  square  miles 10, 844, 697, 600  square  feti 

Annual  rainfall 25  inches 

Available  rainfall 0.7  foot. 

Cubic  feet. 
Supply  from  watershed 7,591,288,330 

Capacitv  of  reservoirs : 

Upper  Totogatic 1...  1,388,605,680 

Gilmore  Lakes 2,881,095,000 

Mouth  of  Totogatic : 
Drawn  from  Totogatic  River 1,541,016,900 

Total  holding  capacity 5, 810, 717,  5e* 

Leaving  a  surplus  of 1,780,570,749 
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Prom  reservoirs  full,  for  90  days,  can  be  famished,  per  day,  64,563,478  cubic  feet ; 
per  second,  746  cubic  feet. 

The  source  of  the  Totogatic  River  is  about  15  miles  above  the  u}>per  dam  site  and 
between  Eau  Claii-e  and  Namakaffon  lakes.  The  country  is  hi^h  and  precijpitous,  es- 
pecially on  the  north,  toward  the  Totogatic-oance,  the  principal  tributary  of  theToto- 
eatic  River.  Through  this  region  vast  rangee  of  hills  and  cliffs  extend  for  miles. 
Ledges  of  trap-rock,  loose  trap,  and  bowlders,  are  found  in  pi-ofusion. 

Timber  is  of  dense  growth  and  consists  of  white  pine ;  black,  white,  and  yellow 
birch,  hemlock,  hard  maple,  elm,  cedar,  balsam,  beecn,  and  other  species  of  smaller 

growth.    There  is  a  tradition  among  the  Indians  of  the  lake  region  that  '^Wani- 
i^ou,"  the  aboriginal  devil,  inhabits  this  wilderness,  which  territory  is  considered  by 
tbem  as  sacred  to  him. 

Dam  Mite. — The  dam  site  is  about  2  miles  above  the  ^*Big  Falls"  (a  vertical  fall  of  10 
feet,  over  ledges  of  ti*ap-rock).  From  this  point  to  **Blackbum*8,"  10  miles  distant, 
rapids  are  almost  continuous,  the  stream  not  being  navigable  for  boats  of  any  kind. 
A  canoe  voyage  was  made  from  Blackburn's  to  the  mouth  of  Totogatic  for  the  purpose 
of  exploring  that  portion  of  the  river.  The  stage  of  water  was  about  1  foot  above 
low- water,  but  two  low  for  purposes  of  navigation.  Our  progress  over  rapids  which 
were  frequent  was  necessarily  slow  and  fret^uent  portages  were  necessary.  Rapids 
are  frequent  and  especially  so  from  the  dam  site  near  Gilmore  Lake  to  the  outlet  of 
Driving  Lake.  The  valley  is  narrow,  being  from  200  to  600  feet  wide,  with  low  bot- 
toms, generally  on  one  side,  while  the  river  runs  near  a  high  bank  opposite.  The 
stream  is  very  crooked,  dqubling  back  and  forth  on  its  downwanl  course.  Arriving 
at  the  mouth  of  Totogatic  after  two  days'  voyage,  a  survey  was  made  in  this  locality, 
of  which  previous  mention  has  been  made. 

Upon  the  conclusion  of  this  work  a  detached  party,  in  charge  of  Assistant  R.  Daven- 
port, was  sent  down  the  Namakagon  and  Saint  Croix  rivers  with  instructions  to  make 
examinations  of  the  Upper  and  Lower  Tamarac  rivers  for  holding-grounds.  Of  these 
streams  Assistant  Davenport  says :  **  The  Upper  Tamarac  enters  the  Saint  Croix  about 
1  mile  below  the  Wisconsin  State  line.  The  stream  is  small  with  a  probable  dis- 
charge of  15  cubic  feet  per  second  at  ordinary  stage  of  water.  The  valley  passed 
through  is  generally  wide  and  low,  abounding  in  poplar  and  hard  wood  bottoms 
and  tamarac  marshes.  The  stream  is  very  crooked,  with  frequent  small  raoids, 
and  has  a  fall  of  4  feet  or  more  per  mile.  The  only  locality  apparently  suited  for 
a  dam  site  is  on  the  upper  portion  of  the  stream,  where  several  small  creeks  come  to- 

f  ether,  but,  the  area  of  watersheds  is  so  small  as  to  make  it  of  no  practical  value, 
he  Lower  Tamarac  enters  the  Saint  Croix  some  10  miles  below ;  is  the  larger  of  the 
two  and  has  a  probable  discharge  of  20  cubic  feet  per  second.  The  valley  is  narrow, 
with  high  pine  ridges  on  both  sides.  The  stream  is  very  crooked,  with  frequent  small 
rapids  and  high  banks.  No  suitable  site  for  a  dam  or  holding-ground  is  known  on 
this  stream.'' 

The  remainder  of  the  party  came  through  to  Yellow  Lake  by  land,  where  examina- 
tion was  made  of  the  low  grounds  in  the  vicinity  of  Bass  Lake,  to  ascertain  the  amount 
of  dike,  if  anv,  necessary  to  raise  the  height  of  proposed  dam  at  Yellow  Lake.  It  was 
foand  that  abont  4,000  feet  of  dike,  with  the  additional  height  of  dam,  would  be  re- 
quired. 

A  line  of  levels  was  run  from  Marshland  to  Clam  Lake,  at  which  point  a  dam-site 
was  chosen  and  survey  made  on  a  basis  of  20  feet  rise  of  dam.  The  nolding-grounds 
are  large,  and  by  increasing  the  height  of  dam  to  25  feet,  which  may  be  done  with 
safety,  the  supply  of  the  watershed  may  be  held  at  this  point. 

Dam-nte, — The  site  selected  is  one-half  mile  below  the  outlet  of  Clam  Lake,  and  a 
short  distance  above  Chasers  sluicing-dam.  Length  of  dam,  560  feet ;  height  of  dam, 
25  feet. 

The  banks  consist  of  sand,  which  appears  to  be  the  only  material  in  this  immediate 
vicinity.  The  river  bed  is  composed  of  sand  to  a  depth  varying  from  3  to  20  feet,  at 
which  points  soundings  indicate  a  hard  material,  supposed  to  be  clay  and  gravel. 
This,  however,  can  only  be  determined  by  borings  being  made  at  this  point. 

RESULTS  ON  CLAM  RIVER. 

Area  of  watershed,  283^  square  miles 7, 903. 526, 400  square  feet. 

Annual  rainfall 25  inches. 

Available  rainfall 0.7  foot. 

Cubic  feet 

Supply  from  watershed 5,532,468,480 

Capacity  of  reservoir  at  25  feet  rise  of  dam 4,670,786,500 

Surplus 861,681,980 


Pine  City,  and  ju«t  below  Cro.se  Lake.     The  daiu  is  owned  and  operated  by  Mn>. 
Munch,  of  Saint  Paul.     It  is  maintained  wholly  for  sluicins  loga^  and  furuishinf; 
sufficient  for  driving  them  over  Snake  River  Kapids  and  into  the  Saint  Croix 
In  case  of  low-water  in  the  Saint  Croix,  water  can  be  furnished  by  this  reser 
drive  the  logs  to  Taylor's  Falls  and  to  the  lake  below. 

This  is  the  most  available  point  on  Snake  lliver  for  a.  reservoir.  The  dam  c< 
of  crib-work  and  stone,  and  has  one  24  foot  gate,  six  14-foot  gate«,  andone8-foo 
all  of  the  Parker  patent,  and  constructed  for  9^  feet  head.  At  tliis  head  the  h< 
capacity  of  the  reservoir  is,  in  round  numbers,  one  and  seventh-tenth  billioDs^ 
feet.  By  raisiug  the  head  to  13  feet,  which  our  examination  proved  feasibl 
capacity  will  be  more  than  doubled,  or  increased  to  thrt^e  and  seven-tenths  billio 
bic  feet.  More  than  13  feet  head  cannot  well  be  carried,  as  it  would  uecessiU 
construction  of  long  dikes  to  protect  the  city  lYom  a  partial  overflow,  and  the 
flow  of  valuable  improved  farming  lands.  Thirteen  feet  head  will  flow  up  the 
to  Brunswick,  a  distance  of  24  miles,  thereby  flowing  out  Millett^s  Kapids — ashoi 
tance  below  Brunswick — which  have  a  fall  of  3^  feet  in  1^  miles. 

Examinations  were  continued  up  Snake  to  Ann  and  Knife  rivers  ;  small  amoa 
water  may  be  held  on  these  streams  at  sites  which  are  now  occupied  by  sluicingn 
The  amount  held  by  these  dams  would  probably  not  exceed  600,000,()00  cubic  ft 
the  holding-grounds  ai*e  small  in  every  case. 

The  streams  are  narrow  and  rapid :  the  valleys  admit  of  no  holding-^oundii, 
the  lakes  are  small,  with  low  banks.  Native  trap-rock  abounds  in  the  bed  c 
streams.  Examination  of  Ground-House  River  was  also  made.  This  is  the  la 
tributary  of  Snake  Kiver,  and  enters  1  mile  below  Brunswick  and  just  above  Mil 
Rapids.  By  putting  in  a  20-foot  dam  just  below  the  forks  of  Ground-House  in  m 
7,  township  '£i  north,  range  24  west,  there  can  be  held  upward  of  1,000,000,000 
feet.     Aside  from  this  reservoir  no  holding-grounds  of  consequence  were  found. 

RESULTS    ON  SNAKE   RIVER. 


^       i 


Area  of  watershed  above  Chengwatana,  982  square  miles .  .27, 376, 588,  QOO  square 

Annual  rainfall 25  in 

Available  rainfall 0.7 

Cable  i 

Supply  from  watershed 19, 163, 61: 

Capacity  of  reservoirs : 

Ground-House 1,045,440,000 

Chengwatana 3,703,238,000 

Total  holding  capacity 4,  748,67J: 

Surplus 14,414,934 
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high  and  precipitous  and  the  valley  narrow,  admitting  of  no  hohling-grounds  in  it«elf. 
Tlie  ridges  on  either  side  are  high  and  well  supplied  with  pine  and  hard- wood  timher. 
Examination  of  the  Saint  Croix  Valley  was  made  below  tiie  mouth  of  Snake  and  Ket- 
tle rivers  for  the  puqiose  of  obtaining  holding-grounds  for  a  portion  of  the  large  sur- 
plns  on  those  streams.  This  was  found  to  be  impracticable,  the  valley  being  compara- 
tively narrow,  with  bottoms  rising  rapidly  to  blulFs  on  either  side.  The  slope  of  the 
river  is  very  large,  especially  above  the  mouth  of  Snake.  At  the  head  of  Kettle  River 
Rapids  on  the  Saint  Croix,  2^  miles  above  the  mouth  of  Kettle  River,  a  cross-section 
for  dam-site  was  made.  Length,  2,500  feet ;  height  of  rise,  25  feet.  The  banks  at  this 
point  consist  of  clay  and  sand,  with  trap-rock  l^ge  for  foundation.  The  slope  of  the 
river  above  the  dam-site  is  about  2^  feet  per  mile. 

This  enables  us  to  show  the  following  results  on  the  Saint  Croix  River  above  the 
dam-site  at  the  head  of  Kettle  River  Rapids  (called,  in  Table  No.  1,  Lower  Saint 
Croix) : 

Area  of  watershed,  2,962  square  miles 82, 575, 820, 800  square  feet. 

Annual  rainfall 25  inches. 

Available  rainfall 0.7  foot. 

Cubic  feet. 

Supply  from  watershed 57,803,074,5^Ki^ 

Capacitv  of  reservoirs : 

Upper  Lake  Saint  Croix 4,698,269,800 

Eau  Claire  Lakes 961,045,400 

Upper  Totogatic 1,388,605,680 

Lower  Totogatic 1,541,016,900 

Gilmore  Lakes 2,881,095,000 

Veazie's  (Namakagon) 1,379,393,850 

Lower  (Namakagon) 3,082,033,820 

Mud  Lake 396,377,420 

Rice  Lake 1 2,474,944,500 

Yellow  Lake 3,402,712,000 

Clam  Lake 4,670,786,500 

Heail  of  Kettle  River  Rapids 2,709,500,000 

Total  holding  capacity 29,585,780,870 

Sui-plus 28,217,293,690 

We  can  then  show  the  following  results  on  the  Saint  Croix  River  as  far  as  examina- 
tions have  been  made : 

Watershed  of  the  Saint  Croix  River  above  the  mouth  of 

Snake  River,  5.012  square  miles  = 139, 726, 540, 800  square  feet. 

Annual  rainfall 25  inches. 

Available  rainfall 0.7  foot. 

Cubic  feet. 

Supply  from  watershed 97,808,578,560 

Capacity  of  reservoirs : 
Dam-site  at  the  head  of  Kettle  River  Rapids,  and  above 

that  point 29,585,780,870 

From  Snake  River 4,748,678,000 

Total  holding  capacity 34,334,458,870 

Leaving  a  surplus  of : 63,474,119,690 

From  reservoirs  full  for  90  days  can  be  furnished,  per  day,  381,493,987  cubic  feet ; 
}>er  second,  4,415  cubic  feet. 

From  surplus  for  270  days  can  be  furnished,  per  day,  230,814,617  cubic  feet ;  per 
second  2,671  cubic  feet. 

This  comprises  all  of  the  Saint  Croix  River  watershed  above  the  mouth  of  Snake 
River.  From  this  showing  we  hold  only  35  per  cent,  of  the  supply  from  one-third  of 
the  annual  rainfall  taken  at  25  inches,  thus  leaTing  only  65  per  cent,  of  the  supply  as 
available  throughout  the  remainder  of  the  year. 

Appended  hereto  is  a  tabulated  statement  of  the  discharge  of  the  different  streams 
taken  at  dam-sites  and  other  points,  with  stage  of  water  when  taken  as  near  as  could 
be  determined  from  information  at  hand. 

A  list  of  existing  sluicing-dams  is  also  attached,  showing  such  information  as  we 
were  able  to  gain  in  regard  to  age,  cost,  capacity,  and  effect  on  the  river  below. 

We  show,  also,  a  list  of  elevations  at  different  points  on  the  Saint  Croix  and  tribu- 
taries, with  slope  per  mile  between  points,  and  on  the  whole  lenv;th  of  r\\^T  ^'L»\sv\w«^, 
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Those  elevations  marked  approximate  were  arrived  at,  sls  uear  an  x>oaaible,  from  a 
level  Unes,  slopes,  and  such  other  information  as  we  were  al>le  to  obtain.  The] 
put  in  to  assist  in  giving  a  general  idea  of  the  country  gone  over. 

We  also  give  tables  showing  the  watershed  above  each  dam  in  fK^uare  mika 
square  feet,  supply  by  each  one-third  and  one-fourth  the  rainfall  capacity  of  reser 
and  amounts  furnished  per  day  and  second  for  a  period  of  ninety  days. 

TABLE  V. — (SUMMARY.) 

Sq.  mileft.  Sqoaz 

Watershed  of  Saint  Croix  above  the  head  of  Kettle  River 

Rapids 2,962         82,575,86 

Watershed  of  Snake  above  Chengwatana 982         27,376,5i 

Total  watershed  tributary  to  reservoirs 3, 944       109, 952, 4< 

Cul 

Supply  by  one-third  rainfall=0.7  foot 76, 966, 6 

Capacity  of  proposed  reservoirs 34,3:^4,4 

Surplus 42,632,2 

Sq.  milea.  Sqiu 

To  which  add  watershed  of  Snake  below  Chengwatana  and 

the  Saint  Croix  from  mouth  of  Snake  to  dam  above 35  975, 7 

Watershed  of  Kettle  River 1,033         28,798,3 

Total  watershed  above  mouth  of  Snake  not  tributary 
to  reservoirs 1,068         29,774,1: 

Cable  I 

Supply  by  one-third  rainfall =0.7  foot 20,  841, 8 

Add  former  surplus 42,632,2 

Total  surplus  at  mouth  of  Snake 63,474, 1 

From  reservoirs,  full,  can  be  furnished  for  90  days,  per  day,  381,493,985  cubic 
per  second,  4,415  cubic  feet. 

This  comprises  all  the  watershed  of  the  Saint  Croix  River  and  tributaries  abo 
mouth  of  Snake  River. 

TABLE  VI. 

Sq.  miles.  S«ioare  t 

Watershed  of  the  Saint  Croix  above  head  of  Kettle  River 

Rapids 2,962         82,575,85 

Watershed  of  Snake  above  Chengwatana 982         27,  376, 5c 

Total  watershed  tributary  to  reservoirs 3, 944       109, 952, 4C 

Cubic  f. 

Supply  by  one-fourth  rainfall  =  0.52  foot 57, 175, 2fi 

Capacity  of  proposed  reservoirs ' 30,  347, 86 

Surplus* 26,827,39 

Sq.  miles.  Square  ft 
To  which  add  watershed  of  Snake  below  Chengwatana  and 

the  Saint  Croix  from  mouth  of  Snake  to  dam  above 35  975, 74 

Watershed  of  Kettle  River 1,0:J3  28,798,3^ 

Total  watershed  above  mouth  of  Snake  not  tributary 
to  reservoirs 1,06H         29,774,13 

Cubic  f« 

Supply  by  one-fourth  rainfall  =  0.52  foot 15,  482, 541 

Add  former  surplus 26,827,39: 

Total  surplus  at  mouth  of  Snake 42,309,94( 

From  reservoirs,  full,  can  be  furnished  for  90  days,  per  day,  337,198,448  cubic 
per  second,  3,901  cubic  feet. 

This  comprises  all  the  watershed  of  the  Saint  Croix  River  and  tributaries  abon 
mouth  of  Snake  River. 
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TABLE  ^^I. 


Existing  sluicing  dams  on  the  Saint  Croix  River  and  tributaries. 


Dam  at  NamakagoD 
Lake. 


Totogatic  Dam  . . . . 

Saint  Croix  Dam  . . . 

■Clam  Lake  Dam  . . . 
Mad  Lake  Dam 


Hector  Dam 

"Rice  Lake  Dam. 


Yellow  Lake  Dam . 

Firat    Eau    Claire 

Dam. 
Third    Eaa   Claire 

Dam. 
Puckwawance  Dam 
Knife  Kiver  Dam . . 

Ann  River  Dam,  1  . 
Ann  River  Dam.  2  . 
Oroiind  Hou»e  Dam 

Upper  Snake  River 

Dad. 
Mud  Creek  Dam... 

Chengwatana  Dam 


• 

o 

• 

5 
3 

P5 

Ft. 

Feet. 

9 

30 

9 

30 

10 

100 

8 

36 

7* 
10 


10 

8 
8 


8 

6 

8 
11 

10 

6 


8 

2 


Gubie  /eet. 
1.  500,  000, 000 


1, 250,  000, 000 


> 

■c 

oe 

ST 

U 

B 

9 

>Z5 


20 


as 


180 


7i!      30 


30 
30 


57 

48 
48 


700,  000.  000 
475,  000.  000 

766,666,600 

1,  400,  000,  000 
500,  000,  000 
500,  000,  000 


2i 


450 


7  to  10 

I 
i 

2  , 


1,230 


800 


800 
2,200 


1,800 
1,590 


40 

40 
24 
26 

32 

16 

116 


300,  000.  000 


6 


162  I     1,500 


6    !     1,000 

6  I ;     1,000 

6  1  88       2,000 


1,  500.  000.  000 
1.089.819,200 


396       6. 300 


Remarks. 


9 
.a 

a 
« 
ja 


1869 


1860 


1871 


18 


i  i 


1878 


1869 

1867 


1872 


Generally  fills  to  6  feet 
head  in  eleven  months. 
Filled  to  9  feet  head 
once  in  nine  years. 

Kept  in  good  repiUr  and 
might  be  utilized  for 
holding  its  capacity. 
Only  one  of  consequence 
on  this  stream. 

This  discharge  raises 
water  1  foot  on  Kettle 
River  Rapids  50  miles 
l>elow. 

Dam  in  good  condition; 
head  cannot  be  raised 
except  at  great  expense. 

With  flight  repairs  can 
be  utilized  to  hold  its 
capacity. 

Holding  grounds  small. 

BuUt  in  1878.  The  head 
might  be  raised  to  15 
feet. 

In  poor  condition ;  needs 
rebuilding. 

Of  no  account  until  re- 
built. 

In  good  condition. 

Holding  grounds  small. 

Raises  Snake  River  15 
inches. 

Holding  grounds  nmall. 
Do. 

Raises  Snake  River  one- 
half  foot. 

Holding  grounds  small. 


500    Suppl  V     small ; 

Snalce  River  3 


1877 


raises 
inches. 
Raises  Saint  Croix  River 
1.6  feet  at  Taylor's  Falls. 


The  Bluicing  dams  in  Wisconsin  are  operated  nnder  cliarters  granted  by  the  State  to 
private  parties  or  corj)oration8,  generally  for  a  term  of  fifteen  years. 

In  Minnesota,  dams  for  sluicing  logs,  timber,  or  lumber,  are  constructed  and  oper- 
ated under  a  general  license  law  passed  by  the  State  in  1861,  which  authorizes  the 
county  commissioners  of  the  counties  wherein  dams  are  to  be  locate  to  grant  license, 
providing  such  dam  is  necessary  at  the  point  applied  for,  and  that  the  land  is  in  the 
possession  of  the  parties  applying  thereior.  Licenses  may  be  granted  for  a  period  not 
exceeding  six  years,  and  renewed  upon  application.  Bonds  of  not  loss  than  $1,000 
required.  Toll  on  logs,  lumber,  or  timber,  not  to  exceed  6  cents  per  1,000  feet  board- 
measure,  except  in  the  case  of  the  Snake  River  Dam  (Chengwatana),  which  (sallowed 
toll  not  exceeding  10  cents  per  1,000  feet  board-measure.  Chengwatana  Dam  was  orig- 
inally built  and  operated  under  a  charter  granted  from  the  Territorial  government. 

The  cost  of  dams  as  submitt^^d  in  Table  I,  does  not  incjude  cost  of  damage  to  prop- 
erty or  the  rights  and  franchises  of  private  parties  or  corporations  owning  sluicing 
dams  at  or  near  the  points  where  our  selections  of  dam-sites  were  made.  In  regard  to 
the  latter  I  think  it  would  be  a  matter  of  small  consequence,  providing  those  parties 
were  furnished  with  water  for  driving  purposes  to  suit  their  convenience.  In  the  case 
of  the  dam  at  Chengwatana,  owned  by  Mrs.  Anna  Munch,  of  Saint  Paul,  a  new  dam 
at  this  point  built  of  earth  and  stone  would  cost  about  f  30,000 ;  whereas  the  present 
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(lam,  with  repairs  sufficieut  to  raise  the  heacl  to  13  feet,  might  be  secured  at  a  proba- 
ble cost  of  $15,000,  by  giving  the  proprietors  the  same  richts  for  Bluicing  logs  and 
using  water  which  they  now  have.  This  is  a  new  dam  and  would  answer  every  pur- 
pose at  this  point  for  ten  years  or  more  with  the  nsual  repairs  which  timber  struc- 
tures require.  In  submitting  the  cost  of  a  dam  at  this  point,  however,  I  estimate 
$30,000 ;  this  being  a  safe  estimate  in  either  case.  In  regard  to  damage  to  property  by 
overflow,  at  this  time  we  are  not  provided  with  sufficient  information  to  give  an  in- 
telligent estimate. 

In  assuming  one-fourth  of  the  annual  rainfall  as  available,  dams  at  Eau  Claire  and 
Mud  lakes  will  not  be  required,  and  the  cost  of  dams  on  Upper  Saint  Croix,  Rice,  and 
Clam  lakes  ^y\\\  be  materially  reduced. 

The  list  of  existing  slnicingd  ams  does  not  comprise  all  existing  dams  on  the  iSaint 
Croix  watershed,  but  those  which  were  found  as  far  as  examinations  were  extended 
or  likely  to  be  of  use  in  a  system  of  reservoirs. 

Thanks  are  due  Mr.  Charles  Bean,  of  Hersey,  13ean  &  Brown,  Stillwater,  for  vain- 
able  information  ;  also  to  Messrs.  Munch  Brothers,  of  Saint  Paul,  for  like  favors.    To 
Assistants  R.  Davenport  and  G.  W.  Carrington,  much  credit  is  due  for  faithfol  and 
intelligent  co-operation  in  the  early  accomplishment  of  the  work. 
Very  respectfully,  your  obedient  servant, 

Vine  D.  Simar, 
Aftsistant  Engineer. 

Maj.  Charlks  J.  Allen, 

Captain,  Corpt<  of  Engineer  ft,  ('.  S.  J. 
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Chippewa   River. 

report  of  mr.  archibald  johnson,  assistant  engineer. 

Engineer  Office,  Unhted  States  Army, 

Saint  Paul,  December  24,  1879. 

Major  :  I  have  the  honor  to  submit  the  following  report  of  surveys  made  by  nw, 
under  your  direction,  on  the  sources  of  the  Chippewa  River,  for  the  purpose  of  esti- 
mating the  capacity  of  reservoirs  and  the  cost  of  creating  and  maintaining  the  same. 

Pursuant  to  your  instructions,  I  proceeded  on  the  9th  of  June  to  Chippewa  CrosB- 
iug,  on  the  line  of  the  Wisconsin  Central  Railroad,  and  arrived  there  on  the  llth. 
This  was  made  the  initial  point  of  the  survey. 

The  first  work  to  be  done  was  to  select  a  point  on  the  grade  at  the  south  end  of  the 
railroad  bridge,  which  was  afterwards  ascertained  to  be  920.5  feet  above  Lake  Superior, 
or  1,522.5  feet  above  the  sea-level,  and  from  there  run  to  Bear  Lake  two  sets  of  leveb, 
taking  elevations  of  the  water  in  the  river  at  the  head  and  foot  of  rapids  whenever  it 
was  i»racti cable  to  reach  the  river. 

Besides  this,  a  reconnoissance  was  made  of  the  river.  We  started  dowTi  the  river 
on  June  13.  The  river  from  Chippewa  Crossing  to  the  bend  in  section  34,  township  -fi 
north,  range  2  west,  consists  of  a  series  of  small  rapids,  the  fall  varying  from  1  to  3 
feet.  At  the  bend  there  is  about  1  mile  of  sluggish  water,  but  from  there  to  the  wesi 
side  of  section  20,  township  42  north,  range  2  west,  it  is  again  a  series  of  rapids  from 
500  to  600  feet  long,  the  fall  being  usuaUy  from  2  to  6  feet.  From  that  point  to  tht 
foot  of  Pelican  Lake  the  fall  is  onlj'  1.8  feet.  At  this  locality  a  reservoir  containing, 
perhaps,  500,000,000  cubic  feet  might  be  created  ;  but  as  there  were  a  sufficient  nnm- 
her  ot  other  reservoirs  ahead,  of  greater  importance,  to  take  up  our  time  for  the  sea- 
son, no  survey  was  made. 

From  the  foot  of  Pelican  Lake  to  Bear  Lake  the  river  is  again  a  series  of  rapi(k 
between  which  are  stretches  of  swift  water  varying  from  1,000  to  4,(HX)  feet  in  length. 
The  river  is  from  50  to  125  feet  wide,  with  banks  from  5  to  20  feet  high,  while  tlw 
ground  rises  back  from  the  river  20  or  30  feet  in  one-half  mile. 

The  drift  from  Chippewa  Crossing  to  the  existing  dam  below  Bear  Lake  consists 
of  a  fine  sandy  loam  somewhat  impervious  to  water,  and  clay  of  a  light  reddish  color, 
in  which  are  invariably  fonnd  numerous  bowlders  from  6  inches  to  5  feet  in  diameter. 

The  swamps  are  usually  peat,  covered  with  a  growth  of  tainarac,  spruce,  and  cedar. 
The  timber,  taken  in  the  order  in  which  it  predominates,  consists  oi  hemlock,  whitf 
pine,  tamarac,  spruce,  birch,  balsam,  maple,  &c.  At  the  east  end  of  Bear  Lake,  and 
extending  along  on  the  north  side  oi  the  river,  is  a  windfall  which  occurred  in  1??67. 

The  elevation  of  low-water  at  Chippewa  Crossing  is  1,509.3  feet  above  the  sea-leveL 
the  datum  to  which  a\\  elevations  alluded  to  in  this  report  are  referred. 
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The  elevation  of  low-water  at  Bear  Lake  and  above  the  existing  dam  is  1,432.9  feet, 
making  a  fall  of  76.4  feet  from  Chippewa  Crossing  to  this  i>oint. 

Oil  June  ll>  we  reached  Bear  Lake,  which  was  the  first  reservoir  surveyed.  The 
elevation  of  low-water  at  the  proposed  dam-8it«  is  about  1,430  feet. 

The  reservoir  has  a  watershed  of  '244.5  square  miles,  or  6,810,268,800  square  feet. 

The  supply  from  one-third  the  rainfall,  which  for  this  region  is  assumed  at  30  inches 
per  annum,  is  5,677,951,910  cubic  feet.  Thesuperficial  area  of  the  reservoir  is  117,631,476 
square  feet,  equal  to  4.2  stjuare  miles  nearly,  and  its  capacity  is  1,113,148,856  cubic 
feet.  Hence  there  will  be  a  surplus  of  4,564,803,054  cubic  feet.  Its  capacity  will  give 
for  90  days  143.15  cubic  feet  per  second.     (See  Table  I.) 

If  one-ifourth  the  rainfall  is  assumed  as  available,  the  supply  will  be  4,260,168,000 
cubic  feet,  and  the  sur^dus  3,147,019,144  cubic  feet,  which  will  pass  down  to  Little 
Chief  Lake.     (See  Table  II.)  / 

The  length  of  the  dam  will  be  1015  feet,  and  its  maxiumm  height  19.5  feet  above 
low-water.  It  requires  a  dike  200  feet  long,  with  a  maximum  height  of  8.5  feet.  The 
ground  at  the  dam-site  consists  of  clay  of  a  light  reddish  color,  mixed  with  gravel  and 
KowlderB;  there  are,  also,  gravel  and  bowlders  in  the  bed  of  the  river;  and  from  in- 
dications below  the  existing  dam,  the  clay  must  extend  to  a  considerable  depth  below 
the  bed  of  the  river.  The  only  way,  however,  in  which  this  fact  can  be  determined  is 
by  excavations.     I  do  not  consider  it  possible  to  make  borings  at  this  locality. 

The  water  in  the  reservoir  will  be  confined  principally  to  the  lake  itself,  and  to  adja- 
cent swamps,  which  are  x)eat,  and  on  which  is  a  dense  growth  of  tamarac,  spruce,  and 
white  cedar,  varying  from  2  to  6  inches  in  diameter.  Where  hard  ground  is  flooded, 
the  ground,  as  already  described,  consists  of  sandy  loam  and  clay.  These  two  classes 
of  soils  are  sometimes  found  in  strata,  sometimes  in  distinct  masses,  and  sometimes 
running  into  another  without  any  regularity,  the  clay  as  a  rule,  however,  largely 
predominating.  The  pine  within  the  limits  of  the  reservoir,  as  well  as  for  a  consider- 
able distance  ueyond,  has  been  cut  over  once  or  twice  and  there  is  not  much  left  that 
will  be  damaged  by  water. 

At  the  proposed  dam-site  there  is  plenty  of  materials  for  the  construction  of  a  wooden 
dam. 

I)K8CKIPTION   OF  THE   EXISTING   DAM    HELOW   BEAR   LAKE. 

This  dam  was  constnicted  in  August  and  September,  1877,  by  the  Chippewa  River 
Improvement  Company,  at  a  cost  of  $5,500.  It  is  what  is  termed  a  flooding  dam,  and 
the  object  of  it  is,  as  well  as  of  all  others  of  its  class,  to  store  up  water,  and  create  what 
is  termed  a  driving  stage  for  log:s  by  suddenly  raising  the  gates.  Its  capacity  is  about 
300,000,000  cubic  teet,  and  requires  about  a  month  to  fill  during  the  low-water  season. 
It  has  a  water-way  of  42  feet,  and  is  built  for  a  10-foot  head.  There  are  four  sliding 
gates,  two  of  them  7  feet  by  10  feet,  and  two  8  feet  by  10  feet.  There  is  also  a  sluice- 
way controlled  by  stop  plank,  12  feet  by  10  feet.  The  gates  are  raised  by  means  of 
iron  levers  applied  to  cast-iron  racks  on  the  rear  and  lower  sides  of  the  gates.  The 
planks  are  raised  by  means  of  a  wooden  windlass  directly  over  the  plank.  The  entire 
length  of  the  dam  is  574  feet.  In  looking  at  the  dam  from  the  south  end  there  is, 
first,  the  left  wing,  150  feet  long ;  then  a  pier  36  feet  long,  8  feet  wide,  and  12  feet 
high ;  then  a  sluice-way  7  feet  wide  and  10  feet  deep  ;  next  a  plank  partition  1.5  feet 
wide ;  again  a  sluice-way  8  feet  wide  and  10  feet  deep ;  next  a  pier  with  an  ice-breaker 
36  feet  lon^,  7  feet  wide,  and  12  feet  high  ;  then  a  sluice-way  12  feet  wide  by  10  feet 
deep  ;  again  a  pier  l\6  feet  long,  7  feet  wide,  and  12  feet  high ;  next  a  sluice-way  8  feet 
wide  and  10  feet  deep ;  then  another  partition  1.5  feet  wide ;  next  a  sluice-way  7  feet 
wide  and  10  feet  deep;  and  again  a  pier  36  feet  long,  7  feet  wide,  and  10  feet  deep; 
lastly,  the  right  wing,  350  feet  long.  These  piers  are  said  to  rest  on  a  foundation  of 
clay,  gravel,  and  brush,  and  are  built  of  square  timber  and  filled  with  rock.  For  the 
wings  a  cob  work  of  long  and  heavy  round  logs  is  built  up,  the  front  of  which  is  ver- 
tical, while  the  rear  or  upstream  part  has  a  slope  of  about  l\  feet  horizontal  to  1  foot 
vertical  to  receive  the  covering,  which  is  also  of  round  logs  from  12  to  14  inches  in 
diameter.  The  foot  of  this  covering  simply  rests  on  the  ground,  and  is  protected  by  a 
backing  of  cloy,  gravel,  and  brush.  There  is  no  covering  in  front  of  the  wings,  as  the 
water  is  never  allowed  to  flow  over  the  dam. 

Whenever  the  water  rises  to  the  top  of  the  dam  a  gate  is  rai8e<l.  Below  the  piers 
there  is  an  apron  50  feet  long ;  and  in  line  with  the  main  piers  there  are  low  piers  on 
this  apron  about  3  feet  high,  and  filled  with  rock.  These  are  put  in  so  that  wnen  all 
the  gates  are  not  open  the  water  will  not  spread  out  on  the  apron.  There  is  a  great 
deal  of  leakage  at  this  dam,  and  it  would  seem  as  if  it  would  not  last  very  long. 

The  8U^^'ey  of  Bear  Lake  was  finished  on  July  12. 

Levels  were  next  run  t«  Little  Chief  Lake,  which  was  the  next  reservoir  surveved. 
Levels  were  taken  at  the  head  and  foot  of  the  principal  rapids.  t>om  Bear  Lake  to 
Little  Chief  Lake  the  river  is  very  treacherous,  and  unsafe  for  canoes  or  bateaux, 
when  it  is  above  an  ordinary  stage,  on  account  of  rocks  and  sharp  bends  in  the  river. 
The  worst  of  these  are  Cedar  Rai>ids  and  Suaptail  Rapids.    CN^iHx  ^oyK^^  wc^  «\^wv\.*^ 
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miles  loDg,  commencing  about  2  miles  below  the  proposed  dam-hite  at  Bear  Lake,  and 
ending  at  the  southwest  comer  of  section  10,  township  40  north,  range  4  west,  tbe 
fall  being  about  54  feet.  From  Blaisdell's  Lake  (see  general  map)  to  the  bead  of 
Snaptail  Rapids  the  river  has  a  gentle  current.  Snaptail  Rapids  are  about  l\  milw 
long,  and  end  at  Hnnter*s  Lake,  having  a  fall  of  45  feet  in  that  distance. 

At  Blaisdell's  Lake  a  small  reservoir  might  be  created  holding  about  25O,Oi)0,(Hk) 
cubic  feet  of  water,  but  having  considered  it  too  small  it  wa**  not  surveyed. 

The  country  along  the  river  irom  Bear  Lake  to  Little  Chief  Lake  is  timbered  with 
hemlock,  white  pine,  tamarac,  spruce,  cedar,  birch,  balsam,  Slc.  On  the  south  air 
of  Hunter's  Lake  there  is  an  old  windfall  which  occurred  in  1872,  stretching  to  tbe 
southwest,  and  northeast  to  Lake  Superior. 

The  banks  of  the  river  from  Boar  Lake  to  the  foot  of  Little  Chief  Lake  vary  froii 
4  to  50  feet  high. 

The  jB^ound  along  Hunter's  Lake  and  IJttle  Chief  Lake,  sometimes  known  as  Barkers 
Lake,  is  from  35  to  60  feet  high.  The  drift  consists  of  sandy  loam  and  a  light  red- 
dish clay  mixed  with  bowlders.  It  is  what  is  termed  a  rocky  soil.  The  swamps  ut 
peat  and  are  covered  with  a  dense  growth  of  tamarac,  spruce,  and  cedar. 

Little  Chief  Lake  reservoir  has  a  watershed  of  57.6  square  miles,  equal  to  l,605,7%,?Mti 
square  feet.  The  superficial  area  is  46,781,532  square  feet,  equal  to  1.6  square  inil«. 
nearly.  Its  capacity  is  771,332,009  cubic  feet.  The  available  supply  from  one-third 
the  rainfall  is  1,337,627,985  cubic  feet.  Hence  the  surplus  Crom  its  own  watershed  i* 
566,295,926  cubic  feet.  Adding  to  this  the  surplus  from  the  Bear  Lake  reservoir,  for 
one-third  the  rainfall,  we  have  a  total  surplus  of  5,131,098,980  cubic  feet.     (See  Table L 

Assuming  one-fourth  the  rainfall  as  available,  there  is  a  surplus  of  232,291), 391  cubie 
feet.  Adding  to  this  the  surplus  from  the  Bear  Lake  reservoir  for  one-fourth  the 
rainfall  and  there  is  a  total  surplus  of  3,379,309,5:35  cubic  feet.  (See  Table  II.)  Thf 
re8er\'oir  will  give  a  supply  for  90  days  of  99.19  cubic  feet  per  second. 

The  proposed  dam-site  is  located  at  the  head  of  a  series  of  rapids  which  extend  down 
to  the  confluence  of  this  branch  with  the  West  Fork. 

The  banks  at  the  dam-site  consist  of  sandy  loam,  clay,  and  bowlders.  On  the  be4 
of  the  river  and  on  the  low  ground  there  is  a  thick  layer  of  bowlders,  below  whicli 
there  is  evidently  the  usual  clay  or  perhaps  rock. 

The  total  length  of  the  dam  is  710  feet,  and  its  maximum  height  above  low-witer 
24  feet.  The  pine  within  the  limits  of  this  reservoir  has  been  mostly  cnt,  but  there  l* 
an  abundance  left  for  all  purposes  of  construction,  and  rock  for  pier  tilling  is  qniu 
convenient. 

The  water  in  this  reservoir  will  l>e  confined  chiefly  to  the  lakes  and  adjacent  ^wamps'- 
The  elevation  of  low-water  at  the  dam-site  is  1,323.4  feet;  hence  the  total  fall  froo 
Chippewa  Crossing  to  that  point  is  185.9  feet. 

The  survey  of  Little  Chief  Lake  reservoir  was  completed  August  1.  Levels  weit 
next  run  across  from  Little  Chief  Lake  to  the  proposed  dara-site  on  the  West  Fork  of 
the  Chippewa  River.  The  elevation  at  that  point  is  1,285  feet.  The  fall  from  Littl* 
Chief  Lake  to  the  confluence  of  the  East  and  West  Forks  is  about  43  feet  in  a  distancf 
of  2\  miles.  The  river  between  those  points  is  a  series  of  rapids,  and  the  bed  of  IIk 
river  is  literallv  paved  with  bowlders.  The  banks  are  from  10  to  20  feet  high,  aunl 
the  drift  a  reddish  clay.  Between  the  junction  of  the  East  and  West  Forks  to  tW 
proposed  dam-site  at  Pa-kwa-wang  there  is  a  swift  current.  There  are  several  gravel 
bars,  but  no  rapids. 

We  reached  Pa-kwa-wang  on  August  2. 

The  Pa-kwa-wang  reservoir  has  a  watershed  of  257.2  s^iuare  miles,  equal  to  7,170,324,4'^ 
sc|uare  feet.  The  supply  from  one-third  the  rainfall  is  5,972,880,292  cnbic  feet.  Its 
capacity  is  7,692,997,229  cubic  feet.  The  deficiency  is  received  from  the  watershed 
to  the  Moose  Lake  i-eservoir,  which  is  above  this  on  the  West  Fork  and  has  a  laiff 
surplus.     (See  Table  I.) 

Its  surface  area  is  580,.578,192  s(iuare  feet,  equal  to  20.8  square  miles  nearly.  Tbf 
surplus  from  one-third  the  rainfall  received  from  the'Moose  Lake  reservoir,  and  pass^ 
ing  through  this,  is  1,234,725,814  cubic  feet.  (See  Table  I.)  This  reservoir  will  fumisb. 
for  90  days,  989.33  cubic  feet  per  second. 

From  one-fourth  the  rainfall,  after  filling  the  Moose  Lake  reservoir,  tbere  will  be  i 
deficiency  of  1,499,364,631  cubic  feet.  This  deficiency  may  be  received  from  the  E$si 
Fork  and  still  leave  a  surplus  passing  the  dam  at  Little  Chief  Lake  of  l,879,944,9lH 
cubic  feet.  This  will  require  a  25- foot  dam  at  Little  Chief  Lake.  The  water  will  pas 
across  from  the  southwest  bay  of  the  lake.  (See  A  on  general  map.)  The  disehar;^' 
without  making  up  the  deficiency,  will  be,  for  90  davs,  796.5  cubic  feet  per  second 
(See  Table  II.) 

The  water  in  this  re8or\'oir  will  be  confined  principally  to  the  river,  swamps.  iDti 
marshes.  A  few  points  of  hard  land  will,  however,  be  flooded,  the  soil  of  which  cob- 
sists  of  sand,  sandy  loam,  and  clay. 

The  timber  on  the  hard  ground  on  the  east  side  of  the  West  Fork,  and  on  the  west 
side  of  the  river  for  a  mile  above  the  proposed  dam-site,  and  again  commencing  aboat 
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a  mile  above  the  mouth  of  Little  Chief  River,  consists  of  hemlock,  white  pine,  tama- 
rac,^pruce,  birch,  balsam,  &c.  With  this  exception,  the  timber  on  the  hard  ground 
within  the  limits  of  this  reservoir,  and  for  several  miles  to  the  north  and  south  of  Lit- 
tle Chief  River,  consists  of  scattering  Norway  and  wliite  pine,  usually  damaged  by  fire. 
There  are  also  numerous  patches  of  poplar  brush  w^hich  has  sprung  up  after  fires.  The 
^ound  to  the  north  and  south  of  Little  Chief  River  is  high  and  broken,  lising  some- 
times 50  or  75  feet  above  the  marshes  bordering  on  the  river. 

The  water  in  Little  Chief  River,  in  its  tributaries  and  surrounding  lakes,  is  clear 
spring-water,  and  is  derived  from  the  high  ground  surrounding,  which  is  usually  sand 
and  sandy  loam.  In  sections  14,  15,  21,  22,  2:^,  township  40,  ranse  7,  there  is  a  float- 
ing bog,  which  rises  and  falls  with  the  river,  which  has  scarcely  any  timber.  (See 
general  map. ) 

On  the  swam|>s  there  is  a  dense  growth  of  spruce  and  tamarac,  from  2  to  6  inches 
in  diameter.  The  swamps  are  peat.  The  ground  at  the  proposed  dam-site,  as  already 
described,  is  clay  and  sandy  loam.  The  bed  of  the  river  is  coarse  gravel,  sand,  and 
clay. 

Tlie  West  P^ork  of  the  Chippewa  from  the  proposed  dam-site  to  the  mouth  of  Little 
Chief  River  is  sluggish,  there'being  only  1.5  feet  fall  in  that  distance.  P^rom  there  to 
the  limit  of  flowage  it  consists  of  a  series  of  rapids  and  still  reaches, sometimes,  three- 
foui-ths  of  a  mile  in  length.  Little  Chief  River  and  its  tributaries  in  some  places 
bave  a  strong  current,  but  usually  the  current  is  sluggish.  Along  these  streams,  as 
"well  as  from  tne  mouth  of  Little  Chief  Riv^er  to  the  proposed  dam-site,  there  are  ex- 
tensive rice-fields  and  meadows. 

This  reservoir  lies  mostly  within  the  reserve  for  the  Courtes-Oreilles  band  of  Chh)- 
pewa  Indians.  These  Indians  have  selected  lands  within  the  limits  of  the  reserve  for 
farms  and  have  been  supplied  by  the  government  with  farming  implements.  I  have 
been  informed  that  adults,  both  male  and  female,  are  entitled  to  80  acres  of  land,  and 
that  those  who  have  selected  homesteads  and  made  the  necessary  improvements  are 
expecting  to  receive  their  patents  this  year.  Their  farms  so  far  extend  along  the 
West  Fork  from  the  projwsed  dam-site  to  the  mouth  of  Little  Chief  River,  and  again 
on  the  west  and  sontli  sides  of  Chief  Lake. 

The  length  of  the  proposed  dam  is  900  feet,  and  maximum  height  above  low-water 
25.5  feet. 

I  have  been  informed  that  it  is  the  intention  of  the  Mississippi  River  Logging  Com- 
pany to  construct  a  16-foot  dam  this  winter  about  1,000  feet  above  the  proposed  dam- 
site  here. 

There,  are  two  small  existing  dams  within  the  limits  of  this  reservoir ;  one  is  located 
at  the  mouth  of  the  outlet  to  Pokegama  Lake  and  the  other  on  Little  Chief  River  at 
the  northeast  comer  of  section  26,  township  40  north,  range  7  west.  The  one  at  Poke- 
gama Lake  has  a  sluioc-way  H  feet  wide  and  8  feet  deep  controlled  by  a  sliding  gate. 
Each  wing  is  about  50  feet  long  with  the  covering  sloping.  Its  construction  is  similar 
to  that  at  Bear  Lake.  The  dam  on  Little  Chief  River  is  142  feet  long  and  there  are 
three  sluice-waj's,  each  8  feet  wide  and  6  feet  deep,  controlled  by  sliding  gates.  The 
right  wing  is  37  feet  long  and  the  left  77  feet. 

Instead  of  piers  at  the  sluices  there  are  partitions  formed  by  planking  rectangular 
frames  resting  on  the  floor  of  the  sluices.  The  covering  of  the  wings  slope  up  stream 
and  rest  on  cob-work  of  round  logs,  as  at  Bear  Lake.  The  toe  of  the  dam  is  first  pro- 
tected by  driving  sheet  piles  at  the  foot  of  the  covering  and  in  front  of  the  sluices,  and, 
as  an  additional  security  there  is  a  backing  of  clay  and  sandy  loam. 

There  is  a  difterence  of  1  foot  between  the  water  above  and  below  the  dam.  This 
dam  creates  a  driving  stage  for  logs  out  of  the  valley  of  Little  Chief  River  and  down 
the  West  Fork  as  far  as  the  numth  of  the  East  Fork.  It  cost  ^500  and  was  built  in 
May. 

The  survey  of  thi^s  reservoir  was  completed  Sej)tember  6. 

'  Levels  were  now  continued  ujj  the  West  Fork  to  Moose  Lake,  where  the  next  reser- 
voir was  surveyed.     We  reacheil  that  point  on  September  9. 

The  elevation  of  low-water  below  tiie  existing  dam  there  is  1,358.8  feet,  and  above 
the  dam  1,:{61.9  feet.  The  proposed  dam-site  is  100  feet  above  the  existing  dam,  and 
low-water  is  assumed  at  1,3.58.8  feet. 

The  West  Fork  of  the  Chippewa,  from  the  mouth  of  Little  Chief  River  to  Moose 
Lake,  is  a  series  of  rapids,  between  which  are  stretches  of  sluggish  water.  The  banks 
are  generally  from  10  to  30  feet  high. 

The  timber  along  the  river  is  mostly  white  pine  and  hemlock.  Lumbering  has  been 
carried  on  along  this  portion  of  t^e  river  for  a  great  many  years,  and  close  to  the  river 
there  is  not  much  pirn*  of  a  good  quality  leff.     The  soil  is  usually  clay. 

The  area  of  the  watershed  of  the  Moose  Lake  reservoir  is  21*4.3  square  miles,  and 
the  supplv  from  one-third  the  rainfall,  which  has  been  assumed  at  30  inches,  is 
4,976,626,153  cubic  feet,  aud  its  capacity  is  2,021,783,402  cubic  feet.  Hence,  after  sup- 
plying the  deficiency  of  water  from  the  watershed  of  the  Pa-kwa-wang  reservoir  for 
that  <lam,  there  is  still  a  surplus  of  1,234,725,814  cubic  feet  to  pass  down  river.     (See 
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Table  I.)     Its  supply  from  one-fourth  the  rainfall  is  3,733,963,200  cubic  fe*t,  aodtbe 
surplus  of  1,712,179,798  cubic  feet  goes  into  the  Pa-kwa-wang  reservoir  andisfbeit 
stored.     (See  Table  II.)    The  surface  area  of  the  reservoir  is  137,844,396  cubic  feet,  or 
4.9  square  miles  nearly.     The  i-eservoir  will  give  a  supply  of  260  cubic  fe«t  per  second 
for  a  period  of  90  days.     The  water  in  the  reservoir  will  be  confined  chiefly  to  Moose 
Lake  and  adjoining  swamps.     It  also  extends  up  the  West  Fork  to  Partridge  Crop 
Lake,  but  doe^*  not  flood  it  any.     The  river  Ironi  the  proposed  dani-sit«  to  Parlridgt 
Crop  Lake  consists  of  short  and  steep  rapids  and  gravel-bars,  their  length  l>eing  from 
200  to  (>00  feet,  having  a  fall  from  2  to  6  feet.     lietween  these  rapids  tliere  are  still 
reaches  where  the  river  is  from  200  to  400  feet  wide  and  the  bottom  soft.     Bevond 
Partridge  Crop  Lake  and  to  the  source  the  river  is  from  20  to  50  feet  wide,  the  riTer 
being  sluggish.     Occasionally  there  is  a  gravel-bar  where  there  is  a  fall  of  about  2  feet 
but  tliere  are  no  rapids.     The  river  above  the  proposed  dam-site  is  confined  betwwa 
banks  which  are  from  20  to  30  feet  high  and  the  timber  is  mostly  white  pine  and  hem- 
lock, the  pine  predominating, 

Partridge  Crop  Lake  is  the  farthest  point  up  stream  where  pine  has  been  cut.  At 
the  inlet  to  Moose  Lake  there  is  an  extensive  windfall,  both  on  the  hard  ground  viA 
in  the  swamps  which  have  been  burned  over.  The  timber  around  Moose  Lake  consisti 
of  hemlock,  white  pine,  birch,  tamarac,  cedar,  spruce,  and  balsam.  The  ground 
around  Moose  Lake  is  from  50  to  100  feet  above  the  lake,  considerably  broken  with 
short  ravines  making  down  to  the  lake.  The  ground  consists  of  clay,  eravel,  aud 
sandy  loam.  At  the  dam  site  the  bed  of  the  river  and  the  low  ground  is  a  mas  of 
bowlders  from  6  inches  to  3  feet  in  diameter.  The  existing  dam  is  said  to  rest  cm 
ledge  of  rock,  but  there  is  no  outcropping  of  rock  visible  anywhere  in  the  vicinity. 
The  total  length  of  the  proposed  dam  is  1,2:^  feet,  and  maximum  heisht  above  low- 
water  25.7  feet.     The  total  length  of  dike  is  160  feet,  an<l  maximum  height  1.5  feet. 

For  the  constniction  of  a  wooden  dam  there  is  plenty  of  pine  timber  convenient: 
also  rock  for  pier-tilling.  No  borings  can  be  made  at  the  dam-site  on  account  c^f 
bowlders  or  rock  in  place. 

DESCRIPTION   OF   EXISTING   DAM   AT  MOOSE   LAKE. 

This  is  a  flooding  dam  and  is  located  at  the  head  of  a  stretch  of  rapids  and  about  lOd 
feet  below  the  proposed  dam-site.  The  dam  is  317  feet  long,  and  the  head  7  feet 
There  are  two  sluice-ways,  one  8  feet  wide  and  7  feet  deep,  controlled  by  a  sliding 
gate,  and  one  16  feet  wide,  controlled  by  stoplogs.  There  are  no  piers,  but  the  endi 
of  the  wings  are  faced  with  solid  walls  of  12  by  12  inch  timber,  and  between  the  slaion 
there  is  a  partition  formed  by  planking  a  rectangular  frame  secured  to  the  floor  of 
the  sluices  and  at  the  top  to  cross-pieces  connecting  the  walls  at  the  wings.  In  this 
partition  and  in  the  walls  are  slots  for  the  gate  and  stop-logs.  The  wings  are  formed 
by  placing  round  timbers,  on  a  slope  of  1|  leet  horizontal  to  1  foot  vertical,  and  allow- 
ing them  to  rest  on  a  cob- work  of  heavy  round  logs. 

The  toe  of  the  covering,  as  well  as  in  front  of  the  sluices,  is  protecte<l  by  a  backing 
of  "gravel  and  clay. 

This  dam  is  out  of  repair  both  at  the  sluices  and  at  the  south  wing.  At  the  sooth 
wing  there  is  a  break  of  50  feet. 

The  reservoir  from  this  dam  has  a  capacity  of  about  430,000,000  cubic  feet,  and  af- 
fords a  driving  stage  for  logs  for  about  12  days,  as  far  at  least  as  the  month  of  the  East 
Fork.     It  is  owned  by  a  Mr.  Goodrich  and  was  built  in  1877  at  a  cost  of  $1,500. 

There  is  another  dam  on  the  West  Fork  about  a  mile  below  Partridge  Crop  Lake, 
The  south  wing  is  52  feet  long  and  the  north  59  feet  long.  It  has  but  one  sluice- war. 
12  feet  wide  and  H  feet  deep,  and  controlled  by  stop-logs.  At  the  ends  of  the  win|? 
there  are  solid  walls  of  timber,  hewn  on  three  sides,  in  which  is  a  slot  for  stop-lc^ 
The  covering  has  a  slope  of  about  1  to  1  and  rests  on  a  cob- work  of  round  log^.  The 
rear  of  the  dam  is  protected  by  a  backing  of  clay  and  gravel. 

A  small  reservoir  might,  be  created  at  Crop  and  Lost  Lakes,  but  the  water -hed  be- 
ing only  33  square  miles  it  was  considered  too  small  to  survey. 

The  survey  of  Moose  Lake  reservoir  was  completed  on  September  30. 

We  next  moved  camp  to  Lake  Courtes-Oreilles  by  way  of  Little  Chi<^f  River  tiid 
Chief  Lake. 

Levels  were  now  run  from  Chiet  Lake  to  Lake  Courtes-Oreilles,  where  we  arrived  oa 
October  5.  The  elevation  of  Courtes-Oreilles  is  1,287.2  feet ;  that  of  Grindstone.  l,2t*7.6 
feet ;  Fish  Lake,  l,2-*8.3feet;  Island  Lake,  1,292  feet;  and  of  Sand  Lake,  1,301.1  feet. 
For  the  elevation  of  the  other  smaller  lakes  see  general  map.  The  elevation  of  low- 
water  at  the  dam-site  is  1,287.2  feet. 

The  Courtes-Oreilles  reservoir  has  a  watershed  of  114  square  miles,  equal  tfi 
3,178,137,600  square  feet.  For  one-third  the  rainfall  its  supply  is  2,647,3:^8.621  cubic 
feet,  and  the  entire  amount  may  be  stored  in  itself.  The  superficial  area  of  the  ^e9e^ 
voir  for  its  own  water  will  be  448,58*2,620  square  feet,  equal  to  16.1  square  mile^,  nearly. 

The  length  of  dam  will  be  260  feet,  and  height  above  low-water  6.5  feet.     There  will 
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be  no  dike,  but  u  tamarac  swamp,  wliich  seems  to  have  l)eeii  an  old  chaDuel,  will  re- 
quire, for  a  length  of  100  feet,  sheet  pilinjjj  6  feet  in  length.  For  90  days  it  will  deliver 
^150.45  cubic  feet  per  second.  (See  Table  I.)  The  water  within  the  limits  of  the  res- 
ervou-  will  be  confined  wholly  to  lakes  and  small  swamps.  For  one-fourth  the  rain- 
fall the  supply  will  be  1,986,336,000  cubic  feet,  which  can  be  stored  with  a  5-foot  dam 
above  low-water. 

The  superficial  area  of  the  reservoir  will  be  435,756,814  square  feet,  equal  to  15.6 
square  miles,  nearly.  The  length  of  the  dam  will  be  260  feet,  as  before,  and  sheet 
piling  for  a  distance  of  100  feet,  and  5  feet  long.  Under  this  condition  the  reservoir 
-will  supply  for  90  days  255,44  cubic  feet  per  second.     (See  Table  II.) 

Now,  instead  of  allowing  any  surplus  wat^rto  pass  Little  Chief  Lake,  by  construct- 
ing a  25- foot  dam  at  that  reservoir,  the  water  may  be  passed  over  into  the  Pa-kwa- 
wang  reservoir  (see  black  dotted  line  marked  A,  on  general  map),  and  from  there, 
together  with  the  surplus  from  the  West  Fork,  through  a  canal  into  Lake  Courtes- 
Oreilles.  This  excavation  amounts  to  264,700  cubic  yards  of  earth,  and  would  prob- 
ably cost  about  $52,940.  (See  i>rotile  attached  and  black  dotted  line  marked  B,  on 
eeneral  map.)  Now,  supposing  one-third  the  rainfall  is  available,  this  will  give  us  in 
Courtes-Oreilles  reservoir  9,013,213,415  cubic  feet,  which,  for  90  days,  will  give  1,159.16 
cubic  feet  per  second.  This  will  require  a  20-foot  dam  above  low-water.  Its  length 
-will  be  415  fe^t.  It  will  also  requii-e  a  dike  2,850  feet  long,  Jind  a  maximum  height  of 
13.5  feet. 

The  8U)>erficial  area  of  the  reservoir  will  be  496,781,760  square  feet,  equal  to  17.8 
square  miles,  nearly.     (See  Table  III.) 

Now,  suppose  that  one-fourth  the  rainfall  is  available,  we  have  for  Courtes-Oreilles 
reservoir  3,366,280,904  cubic  feet.  This  will  require  a  dam  9.4  feet  in  height  above 
low-water.  Its  length  will  be  297  feet.  The  length  of  t'  ike  will  be  148  feet,  with  a 
maximum  height  of  3  feet. 

The  superficial  area  of  the  reservoir  will  be  449,(K)0,000  square  feet,  equal  to  16.1 
square  miles,  nearly.  Its  supply  for  90  days  will  be  497.21  cubic  feet  per  second. 
(See  Table  IV.) 

On  the  east,  south,  and  west  sides  of  Lake  Courtes-Oreilles  the  hard  ground  is  time 
bcred  with  scattering  Norway  pine,  jack-pine,  scrub-oak,  and  poplar  brush.  On  the 
swamps  there  is  a  heavy  ^^rowth  of  tamarac  from  4  to  8  inches  ;in  diameter.  On  the 
north  and  west  sides  of  Grindstone  Lake  the  timber  is  white  pine,  Norway  pine,  maple, 
birch,  and  tamarac.  On  the  northeast  and  north  sides  of  Fish  Lake,  an  A  on  the  north 
and  west  sides  of  Sand  Lake,  the  timber  is  scattering  Norway  pine  and  2)oplar  brush- 
On  the  south  side  of  Fish  and  Sand  lakes  the  timber  consists  of  poplar,  maple,  birch, 
tamarac,  balsam,  &c.  The  ground  on  the  east,  south,  and  west  sides  of  Lake  Courtes- 
Oreilles  consists  of  sand,  sandy  loam,  clay  and  gravel;  also,  on  the  north  side  of  Fish 
and  Sand  lakes.  Around  Grindstone  and  Island  lakes,  and  on  the  southwest  side  of 
Fish  Lake,  and  south  side  of  Sand  Lake,  the  ground  is  clay  and  sandy  loam.  The 
ground  in  the  vicinity  of  this  reservoir  varies  from  20  to  70  feet  in  height  above  the 
water.  The  ground  at  the  dnm-site  is  clay,  gravel,  and  sandy  loam.  The  bed  of  the 
outlet  of  the  dam-site  consists  of  clay,  gravel,  and  sand.  The  lakes  usually  have 
either  a  clay  or  gravel  beach. 

For  pier-filling  plenty  of  rock  can  be  found  along  the  lake  shore.  In  looking  at  the 
general  map  it  will  be  seen  that  there  are  but  few  streams  emptying  into  it.  Owing  to 
the  clearness  of  the  water,  the  lakes  are  evidently  largely  supplied  by  spring-water.  It 
seems  apparent,  however,  from  the  small  discharge  in  the  river,  that  tne  ram  absorbed 
in  the  ^onnd,  particularly  on  the  western  side  of  the  reservoir^  does  not  find  its  way 
into  this  reservoir,  but  seeks  an  outlet  to  the  west,  in  which  direction  the  country  is 
falling.  One- fourth  the  rainfall  ought  to  be  considered  here,  when  one-third  may  in 
the  other  cases  be  used.  The  most  of  this  reservoir  lies  within  the  reserve  for  the 
Courtes-Oreilles  band  of  Chippewa  Indians.  As  at  Pa-kwa-wang  the  Indians  have 
selected  homesteads  and  are  farming  on  a  small  scale. 

There  will  be  very  little  land  damaged,  either  by  a  6.5-foot  dam  or  by  a  20-foot  dam, 
as  there  is  no  wild  rice  within  the  limits  of  the  reservoir,  and  very  litttle  meadow  land. 
The  green  line  on  the  general  map  and  the  red  line  beyond  where  it  joins  the  green 
is  the  fiowage-line  for  a  20-foot  dam,  and  the  red  line  alone  for  either  a  5  or  a  6.5  foot 
-dam. 

The  survey  of  the  Courtes-Oreilles  reservoir  was  completed  on  October  25. 
We  next  jproceeded  by  boat  down  the  Courtes-Oreilles  River  and  main  Chippewa  as 
far  as  Big  Bend.    As  a  matter  of  economy  we  left  our  boats  at  Big  Bend,  and  traveled 
by  stage  to  Chippewa  Falls,  and  from  there  to  Paint  Creek,  where  the  next  and  last 
reservoir  was  surveyed.     We  arrived  there  on  October  29. 

Conrtes-Oreilles  River  is  from  50  to  60  feet  wide.  The  first  3  miles  of  it  is  sluggish, 
but  from  there  to  the  mouth  it  is  a  series  of  rapids  and  still  reaches.  The  worst  of 
these  rapids  is  known  as  Courtes-Oreilles  Falls.  The  river  at  this  point  passes  through 
a  granite  formation.  The  falls  are  situated  within  3  miles  of  the  mouth  of  the  river. 
Courtes-Oreilles  River  is  not  navigable  for  bateaux  at  extreme  low-water  on  account 
•of  rucks  and  gravel-bars. 


above  tne  sea,  and  tnere  are  points  on  tne  renokee  iron  Kauge  wliicb  are  over 
feet.  It  is  a  common  opinion  among  persons  who  have  spent  considerable  tii 
various  point*  in  Northern  Wisconsin  that  the  rainfall  is  more  than  in  the  southen 
of  the  State,  and  I  am  satistied  that  when  the  mean  annual  rainfaU  is  ascertain< 
this  region  it  will  not  be  far  from  36  inches. 

Northern  Wisconsin  is  still  a  vast  wilderness,  and  from  the  pro^p:^8s  that  emigi 
has  made  into  that  portion  of  the  State  since  it  was  opened  by  the  Wisconsin  C< 
Railroad,  it  promises  to  remain  so  for  twenty  or  thirty  years  to  come.  This  is  par 
owing  to  the  labor  required  in  clearing  up"  the  land,  but  more  especially  to  th< 
that  the  clay  soil  which  predominates  m  that  region  is  generally  impervious  t-o  -9 
Besides  this,  rocks  are  so  common  in  the  soil  that  the  lands  are  nut  desirable  for 
iug  purposes.  Even  in  swamps  we  almost  mvariably  find  bowlders  and  gravel  t 
bottom.  Hence  it  is  difficult  to  see  where  the  existence  of  reservoirs  in  this  r 
will  interfere  either  directly  or  indirectly  with  agricultural  interests. 

In  regard  to  damages  to  water-power  for  mill-sites,  it  is  not  probable  that  h 
will  ever  be  manufactured  in  this  region,  for  the  reason  that  the  market  for  the  Id 
of  the  Chippewa  Vallev  is  in  the  Mississippi  Valley,  and  until  we  reach  the  vicin 
Chippewa  Falls  it  would  be  impossible  to  run  lumber  without  going  to  an  unwarr 
ble  expense.  In  view  of  the  above  considerations  the  reservoirs  will  not  be  detrim 
to  the  manufacture  of  lumber.  The  only  cause  of  complaint  that  conld  arise,  prov 
that  the  lumbering  interests  were  made  subservient  to  the  interests  of  comniej 
the  Mississippi  Valley,  is,  perhaps,  a  delay  of  one  or  two  months  in  getting  the  d 
to  their  destination  at  Chippewa  Falls,  Eau  Claire,  and  points  below.  But  whe 
consider  that  during  winters  when  the  fall  of  snow  is  very  small  the  lumbering  i 
ests  are  embarrassed  during  the  entire  season  following,  as  was  the  case  on  the  Chip] 
in  1878,  a  delay  of  a  month  or  two  is  only  a  guarantee,  in  the  end,  of  successful  o 
tions  during  each  season. 

Very  respectfully,  your  obedient  servant, 

Archibald  Johnson, 

Maj.  Charles  J.  Allen,  Assistant  Engine 

Captain,  Corps  of  Engineei's^  U,  S,  A, 
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Wisconsin  River. 

report  of  mr.  james  d.  raynolds,  assistant  enciixeer. 

Engineer  Office,  United  States  Army, 

Siaint  Paul,  .fanaiaru  Fk    1H^ 
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V.  Hound  Lake. — Including  all  the  Dor<^  Flambeau  above  Round  Lake. 

[Below  Round  Lake  I  was  unable  to  find  any  available  holding-ground,  the  stream 
being  a  continual  succession  of  rapids.  I  made,  also,  some  examination  of  Pelican 
River,  since  the  high  banks  near  its  mouth  seemed  to  promise  considerable  holding- 
ffTonnd.  The  stream  was  found,  however,  to  have  such  rapid  fall  that  even  a  30-foot 
dam  wonld  flow  but  an  insignificant  area.  ] 

I. — PEUCAN  WATERSHED.      AREA,   361   SQUARE   MILES. 

Here  we  found  two  available  dam-sites,  one  of  which  may  be  designated  as  **  Peli- 
can" proper,  the  other  "Sugar  Camp."  Both  have  already  been  utilized  by  lumber- 
men. 

At  Pelican  is  a  dam,  built  in  1878,  of  Norway  pine,  of  the  common  cob-work  pattern, 
concerning  which  I  gathei'ed  the  following  data : 

Height  above  floor  of  sluice-way 10.5  feet. 

Lfength  on  crest 425  feet. 

Cost $4,700 

Probable  duration  variously  estimated  at  three  to  eight  years.  From  present  ap- 
pearances I  should  judge  the  lower  limit  to  be  nearest  the  truth,  as  Norway  timber  is 
soon  destroyed  by  exposure  to  the  weather  and  to  alternate  wetting  and  drying. 

The  present  reservoir  was  never  full  but  once — in  May,  1879.  Four  weeks  were  re- 
quired to  fill  it.  When  the  gates  are  opened  the  escaping  water  reaches  Wausan  in 
nt>m  50  to  52  hours.  At  this  rate  seven  days  would  be  required  after  opening  the 
gates  at  Pelican  for  the  water  to  reach  the  Mississippi  at  Prairie  du  Chien. 

From  a  careful  survey  of  the  possible  flowage  area  above  Pelican  Dam  the  following 
results  were  obtained : 

Cubic  feet. 
Capacity  of  reservoir  with  present  dam  (10.5  feet  rise  above  "  dead-head  " 

or  13.5  feet  rise  above  mean  low-water) 880, 000,  000 

Capacity  with  20  feet  rise 2,298,632,320 

Capacity  with  28  feet  rise 5,153.180,527 

To  raise  the  water  28  feet  would  reauire  a  dam  800  feet  long  on  crest,  and  a  dike  at 
head  of  "Lake  No.  1^'  (as  shown  on  detail  map)  having  a  length  of  3,625  feet,  and  a 
maximum  height  of  15  feet. 
'  The  probable  cost  of  this  work,  if  executed  at  the  present  time,  I  place  at  $62,929. 

The  dam  on  Sugar  Camp  Creek  was  built  some  three  years  ago.  It  is  230  feet  long 
and  5  feet  high.  Although  of  even  cheaper  construction  than  Pelican  Dam,  it  is  in  a 
very  fair  state  of  preservation.  It  has,  however,  not  been  in  use  since  the  first  season, 
logging  operations  having  been  suspended  since  then. 

By  substituting  a  dam  on  this  site  12.5  feet  high  and  building  in  addition  a  low 
dike  260  feet  long,  a  reservoir  would  be  formed  having  an  estimated  capacity  of 
1,356,284,160  cubic  feet.     The  cost  of  this  work  I  place  at  $8,162. 

Careful  gaugings  of  the  river  just  below  Pelican  Dam,  June  23  and  24,  showed  a 
discharge  of  620  cubic  feet  per  second.  In  the  opinion  of  those  most  familiar  with 
the  river,  it  was  at  this  time  at  about  a  mean  sta^e.  Assuming  this  to  be  true,  a  dis- 
charge of  620  cubic  feet  per  second,  for  the  entire  year,  woiud  give  19,552,320,000 
cubic  feet.  - 

The  total  drainage  area  above  Pelican  is  857  square  miles,  which,  counting  on  .83 
foot  available  rainmll,  would  give  a  yearly  supply  of  19,830,184,704  cubic  feet.  The 
drainage  area  of  Pelican  watershed  alone  (below  Otter  Rapids)  is — 

Tributary  to  Pelican  reservoir 301  square  miles. 

Tributary  to  Sugar  Camp  reservoir 60  square  miles. 

P  Assuming  as  available  one-third  of  an  annual  rainfall  of  30  inches  over  the  whole 
watershed,  except  the  portions  flowed,  and  assuming,  further,  that,  on  account  of 
evaporation,  only  one-sixth  of  that  rainfall  can  be  retained  over  the  flooded  area,  we 
have — 


Pelican,  20  feet  rise 

Sagar  Uamp,  12.5  feet  rise 

OB, 

Pelican,  28  feet  rise 

Sugar  Camp,  12.5  feet  rise 


Capacity. 


Cubic  feet. 
2,  298,  632,  320 
1,  356,  284, 160 


5, 153, 180,  527 
1, 356, 284, 160 


Drainage     Net  supply  from 
area.  rainiall. 


Sq.  miles. 

301 

60 


301 
60 


Cuine/eet. 
6,  836,  596,  800 
1, 335,  840,  000 


6.  836,  596.  800 
1,335,840,000 


SorploB. 


Chtlric/eeL 
4, 537, 964, 480 


1,688,416,278 
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Wliat  good  pine  crew  hero  has  long  ago  been  cut,  and  the  land  is,  in  my  o 
entirely  worthless  for  agriculture,  except  some  narrow  strips  of  hay  meadow  ai 
tom  lands,  now  timbered  with  elm,  white  maple.  &c..  perhaps  2,000  acres  alto 
None  of  it  is  at  present  under  cultivation. 

II. — EAGLR   WATERSHED.      AREA,  496  SQUARB    MILKS. 


i^^ 


Here  were  found  three  good  dam-sites,  all  of  which  have  been  utilized  by  I 
men.  One  at  the  head  of  Otter  Rapids,  one  on  Eagle  River  bet^reen  Catfi 
Cranberry  lakes,  and  one  on  Eagle  River  (here  called  ** Fish-Trap  Creek") 
Cranberry  Lake.  The  two  latter  dams  were  abandoned  many  years  ago,  an 
fallen  into  complete  decay.  The  dam  at  the  head  of  Otter  Rapids  'vras  bnilt 
summer  of  1878.  It  was  nearly  filled  once  (in  December,  1878),  raising  th€ 
about  5  feet  above  floor  of  sluice-way,  or  7  feet  above  low-water,  -when  the  eat 
"blew  out,"  being  poorly  anchored  in  the  treacherous,  gravelly  bank,  and  sim 
has  been  abandoned.  From  the  survey  of  this  location  it  was  found  that  the 
might  safely  be  raised  to  a  height  of  22  feet.  This  would  reauire,  in  addition 
dam,  a  low  dike  700  feet  long.  By  this  means  would  be  flooded  the  entire 
Lake  system,  giving  a  holding  capacity  of  7,1589,727,488  cubic  feet. 

A  cheaper  plan  than  the  above  (though  giving  less  holding  capacity)  would 
build  the  dam  at  Otter  Rapids  but  19  feet  high,  dispensing  with  the  dike,  and  a 
dam  on  Fish-Trap  Creek  8  feet  high,  thus  forming  two  reservoirs,  having  a  cob 
capacity  of  5,851,676,160  cubic  feet;  or,  instead  of  an  8- foot  dam  on  Fish-Trap, 
feet  high  might  be  built  between  Catfish  and  Cranberry  lakes,  which,  in  cc 
tion  with  the  19-foot  dam  at  Otter  Rapids,  would  give  a  capacity  of  6,163,< 
cubic  feet. 

The  probable  supply  was  arrived  at  by  two  methods : 

1st.  Careful  gaugings  of  the  Wisconsin,  just  above  Otter  Rapids,  showed  adis( 
of  296  cubic  feet  per  second,  at  a  time  when,*from  the  best  information  obtaini 
estimated  the  discharge  to  be  about  80  per  cent,  of  the  yearly  mean.  Assnmii 
to  be  true,  the  entire  annual  discharge  would  be  ll,6i'>8,3^,000  cubic  feet. 

2d.  The  area  of  Eagle  watershed  is  496  square  miles,  which,  counting  on  .8 
available  rainfall^  would  give  a  yearly  supply  of  11,476,979,712  cubic  feet. 

The  supply  indicated  by  either  of  these  methods  is  largely  in  excess  of  the  mai 
holding  capacity  of  reservoir.  Some  additional  capacity  might  be  obtained  by 
ming  the  outlets  of  Lake  Vieux  Desert  and  Twin  Lakes.  The  amount  stored  ^ 
however,  be  small,  owing  to  the  limited  watershed  tributary  to  these  laket 
360,096,000  cubic  feet  for  Vienx  Desert  and  621,456,000  cubic  feet  for  Twin  Lake 

Vieux  Desert  I  was  unable  to  examine,  but  I  learned  from  those  familiar  wit 
country  that  a  good  dam-site  exists  near  its  outlet. 

I  made  a  tour  of  exploration  to  Twin  Lakes,  and  estimated  that,  to  store  a 
water  obtainable,  would  require  a  dam  6  feet  high  and  1,500  feet  lomr. 
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Tabulating  the  above,  we  have  as  the  best  result  obtainable  for  the  Eagle  water- 
shed— 


Capacity  of 
reiierToir. 


Otter,  22  feet  rise 

Vleux  Desert 

Twin  Lakes 


Oubiefeet. 
7, 389, 727, 488 
400,  000,  000 
650,000,000 


Drainage 
area. 


Sq.  milet. 
447 
19 
30 


Net  supply  from 
rainfall. 


Cubic  feet 
10, 027, 628, 160 
300,  096,  000 
621,  056.  000 


Surplus. 


Cubic  feet 
2.  637, 960, 672 


From  these  three  reservoirs  could  be  delivered  for  a  period  of  90  days  1,076.54  rnbic 
feet  per  second. 

The  probable  cost,  estimating  at  present  prices,  I  place  at  $38,113  for  dam  and  dike 
at  Otter  Rapids;  $10,000  for  dam  at  Twin  La^es,  and  $5,000  for  dam  at  Lake  Vleux 
Desert.     Total,  $53,113. 

The  area  covered  by  these  reservoirs  is  in.  greater  part  already  covered  by  water, 
since  the  principal  holding-ground  consists  of  lakes  with  quickly-rising  banks. 

The  total  land  area  which  would  be  flooded  is— 


Otter  Rapids 
Twin  Lakes. 
Vieux  Desei  t 


Total 


State     1  Military    ^ZxZ^l^v 

swamp    ,  Entered,   wa^un-road    J^^^Xaf 

proxiinate. 


Aerejf. 
4,692 


grant. 


ACTM. 

597 


Aeret. 
371 


4  692 


507 


371 


A creM. 


750 
750 


1.500 


Uniteil 
States. 


AcrfH. 
1,81*3 


1,893 


Total. 


Acres. 
7,553 
750 
750 

9,053 


It  is  of  very  small  value,  having  been  already  stripped  of  its  pine  lumber,  and  offer- 
ing not  the  smallest  inducement  to  agricultural  enterprise.  Perhaps  500  acres  con- 
sists of  valuable  hay  meadows  on  the  Wisconsin  proper. 

III.— TOMAHAWK   WATERSHED. 

This  basin  is  comparatively  small,  comprising  but  101.5  square  miles.  From  this, 
by  the  same  process  as  before,  I  deduct  as  the  net  annual  supply  2,201,580,480  cubic 
feet,  which  can  all  be  retained  by  a  dam  12  feet  high,  for  which  an  excellent  site  was 
found  in  section  7,  township  39  north,  range  6  east,  where  the  high  banks  are  less 
than  200  feet  apart.  Retaining  all  the  water  above  this  point  reduces  the  area  tribu- 
tary to  the  Squirrel  Creek  reservoir  (reconnoitered  by  Mr.  Charles  Wanzer  in  1878)  to 
56  square  miles,  yielding  an  annual  supply  for  storage  of  1,239,427,200  cubic  feet.  To 
retain  even  this  limited  amount  will  probably  require  a  dam  17  feet  high,  since 
farther  examination  than  was  possible  last  winter  has  developed  the  fact  that  Squir- 
rel Lake  aud  adiacent  swamps  are  above  any  attainable  flowage  plane,  thus  reduc- 
ing the  available  holding-ground  to  less  than  half  the  area  at  which  it  was  first 
estimated. 

A  gauging  of  the  Tomahawk  River,  just  above  the  selected  dam  sit4),  at  a  time  when 
the  water  was  apparently  at  a  trifle  below  mean  stage,  showed  a  discharge  of  64  cubic 
feet  per  second,  which,  if  uniform  for  an  entire  year,  would  give  as  the  available  sup- 
ply 2,018,304,000  cubic  feet. 

The  land  flooded  by  proposed  reservoirs  on  the  Tomahawk  River  would  be  as 
foUows : 


Upper  Tomahawk 

Spuirrel 

Rice  Lake 

Total 


State 
swamp 
lands. 


Acres. 
548 
2,370 
587 


3,505 


Entered. 


Acret. 
215 
105 
403 


723 


Railroad. 


Indian 
reserva- 
tion. 


Acru. 
80 


Acres. 
120 


80 


120 


United 
States. 


Acres. 
1,087 
495 
1,508 


3,090 


Total 


Acres. 
1,970 
8,060 
2,496 


7,518 
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Thero  is  a  small  Indian  settlement  between  Lakes  Kawaqnesagon  and  Tomahavk, 
where  a  few  acres  are  devoted  to  raising  com  and  potatoes.  A  narrow  margin  oif 
these  plantings  would  be  flooded  by  the  proposed  dam,  which  wonld  also  drown  out 
some  quite  extensive  fields  of  wild* rice,  covering  several  hundred  acre«.  With  these 
exceptions,  I  know  of  no  injury  that  would  be  done  to  any  private  interests. 

I  place  the  probable  cost  of  proposed  works  on  the  Tomahawk  at  the  following 
figures : 

Upper  Tomahawk  dam $4,729  OO 

Squirrel  dam  and  dike 17, 115  00 

Rice  Lake  dam 24,930  OU 

Total 4r>,  774  (» 

IV. — BEAR  GREEK    WATERSHED,  154.5   SQUARE    MILES. 

This  is  an  extensive  but  shallow  basin,  affording  larger  holding-ground,  though  is 
no  place  could  high  banks  be  found  coming  near  enough  together  to  render  damminf 
easy  except  just  below  Lake  Plambeau,  where  a  dam  265  feet  long  and  but  4  feet  hip 
would  hold  all  the  water  tributary  to  the  lakes  above.  This  amoant  is  small,  how- 
ever, about  1,000,000,000  cubic  feet. 

The  site  offering  the  best  results  is  immediately  below  the  junction  of  the  Maa>- 
touish  with  Bear  Creek.  Here  good  banks  are  found,  though  at  a  formidable  distant 
apart — 2,500  feet.  A  dam  could  be  built  here  15  feet  high,  which,  in  conjunction  witi 
2,000  feet  of  dike,  would  back  the  water  ever  the  lakes  at  head  of  Bear  Creek  tod 
flood  extensive  meadows  on  Bear  Creek  and  the  Manitouish,  forming  a  reservoir 
having  an  estimated  capacity  of  5,406,567,152  cubic  feet.  This  reservoir  wonld  haTt 
when  full,  a  surface  area  of  1,156,953,600  sf|uare  feet!  Computinf^  one>sixth  of  is 
annual  rainfall  of  30  inches  over  this  area,  and  one-third  of  that  rainfall  over  the  rat 
of  the  watershed,  we  have,  as  the  net  annual  supply,  3,107,280,000  cubic  feet.  Tte 
capacity  of  the  reservoir  is  thus  seen  to  be  in  excess  of  the  supply  by  2,299,287,1S 
cubic  feet,  which  will  go  far  towards  retaining  the  surplus  (3,057,100,264  cubic  feet 
coming  over  from  Rest  Lake  reservoir  above. 

RcHt  Lake  reservoir  was  surveyed  by  Mr.  J.  H.  Dager,  in  1878,  and  described  in  hii 
report. 

Tabulating  results,  we  have  for  Bear  Creek  and  Rest  Lake  watersheds : 

I  Capacity  of  res-  i   Drainage  '  Net  supplv  from        «       t- 
I  ervoir.  area.  rainfall.  Surplus 


Cvhicfeet  Sq.milet.   I        (hihiefeet.  Cultie/ett 

BearCreek I        5,406,567,152  164.5      I      3,107,280.000^        ..„  ,- 

KestLake 1        1,840,000,000,        21L643  i      4, 897, 100,  264  $  i       '^'.e«»^ 


Amount  deliverable  for  a  period  of  90  days,  per  second,  931.91  cnbic  feet. 

If  constructed  at  the  present  time  I  estimate  the  cost  of  the  above  works  as  foliovs: 

For  Bear  Creek  dam $38,28 

For  Bear  Creek  dike 9,34? 

For  Rest  Lake  dam 7,^ 

For  Rest  Lake  dike 39> 

Total 55,1:5 

The  area  to  be  flooded  consists,  aside  from  the  lake  systems,  mainly  of  extena^r 
meadows  covered  with  excellent  grass.  There  would  also  be  drowned  out  some  lap 
fields  of  wild  rice,  from  which  the  Indians  on  the  Flambeau  reservation  derive  i 
present  a  main  item  of  subsistence.  These  Indians  expressed  great  discontent  at  tb« 
possibility  of  any  part  of  their  domain  being  flooded,  even  showing  a  strong  dispos- 
tion  to  interfere  with  the  progress  of  the  survey. 

V. — BOUND  LAKB  WATERSHED. 

At  the  outlet  of  Round  Lake  a  dam  of  fair  construction  already  exists.  It  vi« 
built  in  1876,  and  partially  rebuilt  since,  at  a  total  cost  of  $3,000,  and  is  probably  sdH 
good  for  Ave  or  six  years'  service.  It  is  170  feet  long  and  raises  the  water  6  feet,  witi 
storage  capacity  for'884,860,000  cubic  feet.  The  dam  might  safely  be  raised  to  a  hei|[fej 
of  10  teet,  whicn,  with  a  dike  250  feet  long,  would  form  a  reservoir  holding  1,303,03&41» 
cubic  feet. 
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A  good  dam-site  is  found  also  below  the  outlet  of  Squaw  Lake,  in  section  28,  town- 
i^p  40  north,  range  4  east.  Here  a  dam  9  feet  high  would  give  a  capacity  of  731,808,000 
cubic  feet.  Assuming  the  rainfall  at  30  inches,  and  computing  one-sixth  of  this  on  the 
area  overflowed  and  one-thinl  over  the  rest  of  the  watershed,  we  have,  tabulating 
the  above : 


Round  Lake 
Squaw  Lake 

Total. 


Capacity 
of  reservoir. 


Ch^ie  feet. 
1,  303, 036, 416 
731,  808,  000 


2,  034,  844, 416 


Drainage 
area. 


So.  miles. 
63 
39 


102 


Net  supply 
from  rain- 
fall. 


OmWc  feet. 
1,  382,  304,  000 
864,  230, 400 


Suiplus. 


Oubie  feet 
79.  267,  584 
132,  422, 400 


2, 246,  534, 400         211, 689, 984 


This  would  give  for  a  period  of  90  days  a  discharge,  per  second,  of  261.68  cubic  feet. 
With  prices  as  at  the  present  time,  1  estimate  the  cost  of  construction  as  follows : 

For  Round  Lake  dam $7, 360 

For  Round  Lake  dike 3,190 

For  Squaw  Lake  dam 4, 000 

Total 14,550 

Of  the  land  area  which  would  be  flooded,  a  small  part  is  well  adapted  for  farming. 
The  only  portion  at  present  under  cultivation  is  a  farm  near  the  outlet  of  Pike  Lake, 
of  which  a  few  acres  would  be  submerged  j  the  larger  part  is  well  above  flowage.  Some 
wild-rice  flelds  would  be  drowned  out ;  with  these  exceptions,  the  land  to  be  overflowed 
is  nearly  valueless. 

METHODS  OF   SURVEY. 

On  the  Pelican  reservoir,  transmit  and  compass  lines  were  run,  meandering  both  lakes 
and  swamps,  and  cross-sections  taken  at  frequent  intervals  whereby  the  several  con- 
tours up  to  *20  foot  wore  accurately  determined,  and  for  the  southern  portion  (where 
most  of  the  h(>lding-ground  is)  up  to  28  feet.  Progress  was,  however,  necessarily  slow, 
the  swamps  being  thickly  grown  with  tamarac  and  cedar,  requiring  a  largo  force  of 
axmen  to  cut  out  lines.  Six  weeks  were  consumed  on  this  work,  and  it  became  evi- 
dent that  to  make  an  equally  detailed  survey  of  the  entire  ground  I  was  directed  to 
examine  would  requii*e  more  than  double  the  time  at  my  disposal.  From  this  point, 
therefore,  a  system  was  adopted  involving  less  accuracy  of  detail,  but  which,  it  is  be- 
lieved, has  given  results  sufficiently  close  for  present  purposes  and  generally  correct  to 
within  10  or  15  per  cent. 

All  the  lakes  encountered  were  found  already  meandered  by  the  United  States  land 
surveys,  and  from  these,  and  from  cross-sections  taken  at  sufficiently  frequent  inter- 
vals to  determine  the  slope  of  their  banks,  their  capacity  as  holding  reservoirs  was 
determined,  the  elevation  of  their  natural  surfaces  being  of  course  in  all  instances 
obtained  by  careful  lines  of  levels  from  dam-site. 

The  swamps  lying  within  reservoir  limits  were  found  almost  without  exception  to 
have  a  tolerably  uniform  slope,  determinable  by  random  lines  of  levels  projected  into 
them  where  necessarj'.  By  this  means,  and  by  reference  to  the  land  maps,  and  veritt- 
cation  of  their  indicated  swamp  areas  by  exploration,  the  different  flowage  lines  were 
drawn  in. 

In  the  case  of  Pelican  reservoir  the  results  given  are  very  accurate  for  a  20-foot 
dam,  but  less  so  for  a  28-foot  dam.  For  the  latter  my  estimate  of  capacity  is  probably 
somewhat  too  low. 

Throughout  the  survey  a  care  fully- tested  continuous  line  of  levels  was  nin,  and 
finallv  connected  with  the  bench  at  the  mouth  of  Manitouish,  to  which  levels  had  pre- 
viously been  run  from  the  Wisconsin  Central  Railroad,  giving  its  true  height  above 
the  sea.  My  levels  were  then  corrected  back  (in  note-books)  so  as  to  refer  all  eleva- 
tions to  sea-level. 

Bench  marks  were  established  at  prominent  points  over  th©  entire  work,  clearly 
marked  for  future  reference. 

Concerning  foundation  for  dams  I  can  give  little  satisfactory  information.  No 
rock  in  place  was  anywhere  encountered.  Beneath  a  thin  deposit  of  mud  or  surface- 
soil  was  found  in  all  cases  a  drift  formation,  consisting  of  sand  and  gravel  thickly 
interspersed  with  bowlders  of  all  sizes  up  to  10  feet  diameter,  rendering  it  impossible 
to  force  a  sounding-rod  down  to  ascertain  what  lay  beneath.  From  the  frequency  of 
side-hill  swamps  perhaps  it  may  be  inferred  that  an  impervious  stratum  of  clay  exists 
at  DO  great  depth. 
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Recapitulation  of  estimated  cost  of  dams  and  dikes  proposed  on  the  Wisconsin  Eiter. 


Dcsignatioii  of  reservoir. 


Pelican 

Saear  Camp . 
Ot^r  Rapids 
Twin  Lakes . 
Vieiix  Desert 
Tomahawk . . 

Squirrel 

Kice 

Total  . 


Cost  of  dam. '  C^>8t  of  dike.         Total. 


$35,  250  00         $27,  679  00  $62,929  M 

7,  350  00  I               812  00  8, 163  09 

35, 365  00  I          2,  748  00  I  38, 113  06 

10,000  00, '  10,00000 

5,  000  00  1 5,  CW  00 

4,729  00    4,72»« 

14, 790  00  I          2,  325  00  !  17, 115  » 

24,93000  j 24,93000 

137, 414  00           33,  564  00  170, 978  06 


Table  shmcing  the  actual  acreage^  as  nearly  as  it  could  be  reckoned^  of  lands  which  would  he 

overflotted  by  proposed  dams  on  the  Wisconsin  River. 


Designation  of  reservoir. 


S 
CO 


I 

i 

a 


bC-M 
eS  a 


r 

•0m 


Acres.  \  Acres. 

Pelican 2,222  |        833 

Sugar  Camp '    1, 448  i 

Otter  Rapids |    4,692  | 

Twin  Lakes ' 1. 

Vieux  Desert i i 


326 
597 


Tomahawk 1       648 

SqiUrrel '    2,370 

Bice I        587 


215 
185 
403 


Total i  11,867  i    2,559 


371 


371 


a 
o 

t 

9 


p  ? 

E  »  S 

o 


Acres.  ,  Acres,  j  Acres. 


120 


120 


750 
750 


OB 


a 

0 


Acres. 

3,999 

433 

1,893 


1,087 

495 

1,508 


5 

h 


Acn$. 

7.05i 
2,307 
7,53 
730 
750 
1,971 
2.09 

2,m 


1,500       9,415  I    25,8B 


Very  respectfully,  your  obedient  servant, 


Maj.  Charles  J.  Allen, 

Captain f  Corps  of  EngineerSy  U,  S,  J. 


James  D.  Ratnolds, 

Assistant  Enginear. 
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APPENDIX  /. 

Table  III. — Satnt  Croix  River. 

Discharge  in  cubic  feet  per  second  of  the  Saint  Croix  River  and  tributaries. 


Station. 


4    Saint  Croix  River,  at  head  of  Kettle  River  Rapids 

do 

do 

do    

1  I  Yellow  River,  at  Rice  Lake  dam  sit« 

...do 

4    Namakagon  River,  at  Veazie's  dam  site 

do 

9    Namakagon,  at  lower  dam  site 

' do 

4    Totogatic  River,  at  upper  dam  site 

do 

do 

do    

9    Totogatic  River,  at  the  mouth 

'.'.'.'.'.do  !!"".!"!!!" I!!!"!!!!!! !!!"!! !!!!!!! 
do 

—  do 

8  £aa  Claire,  at  dam  site 

9  I  Clam  River,  at  dam  site  

6    Snake  River,  at  Brunswick 

do *. 

Bettle  River,  one-half  mile  above  mouth 

do 

do 


o 
« 

n 


0.600 
0.600 
0.600 
0.600 
0.600 
0.600 
1.400 
1.400 
0.800 
0.800 
0.30U 
0.300 
0.300 
0.300 
LOOO 
1.000 
1.000 
1.000 
1.000 
0.500 


-< 


1,  595.  8 
1,  595.  8 
1,  595.  8 
1,  595.  8 
462.1 
462.1 
288.1 
288.1 
494.0 
494.0 
130.2 
130.2 
130.2 
130.2 
199.7 
199.7 
199.7 
199.7 
199.7 
73.0 


(*) 

r) 

0.300 

160.7 

0.300 

160.7 

0.420 

514.0 

0.420 

514.0 

0.420 

514. 0 

0.000015 
0.000015 
0.000015 
0.000015 
0.  000015 
0.000031 

(*) 
0. 000213 
0.000213 
0.00058 
0.00058 
0.00058 


00 


0.000356 
0.000356 
0. 000356 
0.000356 
0.  000356 
0.000356 
0.  000152 
0. 000152 
0.000350 
0.000350 


^ 


1.351 
1.313 
1.322 
1.220 
0.457 
0.424 
1.349 
1.377 
1.575 
1.626 
0.246 
0.222 
0.202 
0.222 
1.324 
1.339 
1.462 
1.356 
1.363 
0.991 

(*) 

0.352 
0.341 
1.103 
L107 
L083 


*  Low- water  measured  weir. 
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Tablk  IV. — Saint  Croix  Rivkh. 

Elevations  and  slopes  on  Totogatic  and  Eau  Claire  rivers. 


Point  of  observation. 


y 


I 


Totoffatie  River. 

i 

of  upper  reservoir 1 !  1, 255 

iCroMing 1,246 

damsit« I \  1.241 

>am^s  Crossing 1, 168 

I  of  £agle-ne8t  Creek 1. 003 

I  of  Cranberry  Creek I  984 

re  Lake  dam  site I  975 

I  of  Cbicorg  Creek 958 

I  of  Totogatic  River 918 

Eau  Claire  River. 

I  Eau  CUire  Lake '  1,122 

Sau  Claire  Lake  dam  site 1,119 

lea  below  dam  site 1,073 

t<iin«  Gordon's    1, 012 

uth  of  £au  Claire '    1,008    


e 

I 


9 

5 
73  , 
165 
19 

9 
17 
40 


3 

3 

o 
H 


S 

i 


I 

3 

o 
H 


MUes.  Miles.  Feet.    Feet 


9 
14 
87 
252 
271 
280 
297 
337 


2 

2 

4.5 

4.5 

8 

10 

0.6 

L4 

4 

14  ! 

1&2 

6w2 

17 

31 

9.7 

8.1 

8 

39 

2.4 

&9 

4 

43  1 

2.2 

6.5 

6 

49 

2.9 

6.0 

10 

59 

4.0 

5.7 

3  3  I  3  3  1.0  ;  1.0 
46  49  7  10  &  6  4.9 
61  110  7  17   ^^l  ^^ 

4  \U     \  V\\  ^^  ^^ 
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Elevation  atid  slopes  on  Yellow  and  Namakagon  Rivers. 


Point  of  observation. 

1  Approximate  eleva- 
tion above  the  sea. 

True  elevation  above 
the  sea. 

1 
Fall  from  last  point. 

Total  faU. 

J 

i  • 

r 

Total  distance. 

1   >^- 

ill 

r  iJ 

.2      i  .2 

CC           QQ 

TeUoto  River. 
Mud  LialEe  dam  sit^e 

1.085 
969 
928 

1,218 

1,115 

1,068 

1,058 

1,039 

952 

944 

918 

917 

Feet  ltd. 

Rice  Liake  dam  site 

116 
41 
40 

116 
157 
197 

20 

28 

7 

20 
48 
55 

5.8       il 

Yellow  Lake  dam  site ' 

L5       11 

Mouth  of  Yellow  River 

888 

5.7        IS 

Namakagon  River, 
Little  Pnckwawance 

» 

Mouth  of  Chippenacia  Creek 

m 

47 
10 
19 

87 

8 
26 

I 

i63 

150 

160 

179 

266 

274 

300  J 

301 

310 

16 
6 

1* 

8 

3 
10 

1 

4 

16 

22 

234 

314 

46 

40 

50 

60 

64 

6.4        €.( 

Mouth  of  Spnn  j(  Brook 

7. 9       iS 

Mouth  of  Jordan  Rivpr 

6.6        Li 

Veazie's  dam  site 

2.4        li 

Mouth  of  Stuntz  Brook 

6.0        i* 

Mouth  of  McKenzie  Brook 

2.6        5lI 

Mouth  of  Totogatic  River 

2.6        M 

Lower  dam  site 

10       ie 

Mouth  of  Nainakagon  River 

908 

2.2        ii 

Elevations  and  slopes  on  Snake^  Ketihy  and  Clam  rivers. 


Snake  River.  I  , 

Mouth  of  Knife  River , 964 

Mouth  of  Ann  River ■ 943 

Mouth  of  Ground  House 940 

At  Cheugwatana 1 929 

Mouth  of  Suake  River |        790  ) 

Kettle  River.  j 

Korthem  Pacific  Railroad  crossing ' ,    1, 299 

Willow  Rivor.  on  St.  Paul  and  Duluth  Raili-oad  ] ,    1,  023 

Kettle  River  Station ' ;    1, 016 

Mouth  of  Kettle  River 816    

Clam  River.  j  [ 

Limit  of  proposed  reservoir \ |       967 

At  dam-8ite ' 947 

At  Saint  Croix  Road  Crossing I '        881 

Mouth  of  Clam  River '        866    


21 

21  1 

5 

... 

4.2 

42 

3 

24 

4 

'       9 

a  75 

i: 

11 

35  ' 

23 

32 

0.5 

Ll 

139 

174 

1 

12 

44 

1 

1 

11.6 

1 

it 

276 

276 

36 

36 

7.7  i 

7.1 

7 

283  1 

5 

41 

1-4 

ii 

200 

483 

t 

I 

33 

74 

6.6' 

! 
i 

ki 

20 

20  i 

10 

...... 

10 

2.0  i 

V 

66 

86 

13 

23 

5.0 

V 

15 

101 

6 

29 

2.5 

li 

Elevation  of  icater-surfacej  at  ordinary  sta^e,  of  various  points  on  the  Saint  Croix  J2»wr. 

with  slope  per  mile. 


Upper  Saint  Croix  Lake' I 

Mouth  of  Moose  River i 

Mouth  of  Namakagon  River I        908 

Mouth  of  Yellow  River I        888 

Mouth  of  Clam  River |        866 

Head  of  Kettle  River  Rapids '        850 

Mouth  of  Kettle  River j        816 

Poot  of  Kettlb  River  Rapids  !        801 

Mouth  of  Snake  River \        790 

Rush  City  Ferrj' , 

Taylor's  Falll i 

Stillwater i 


1,010 
1,001 

1 

1 

9 

9 

93 

102 

20 

122 

22 

144 

16 

160 

34 

194 

15 

219 

11 

230 

773 

17 

247 

679 

94 

341 

662 

17 

358 

21 
17 
12 
12 

9 

24 

14 
3 

12 

30 

29 


21 
38 
50 
62 
71 

734 

75 

78 

90 
120 
149 


0.4 
5.5 
L7 
L8 
L8 
13.6 
10.0 
3.8 
L4 
3.1 

ae 


<L4 
te 
li 
13 
12 
U 
1* 
li 
IT 
If 
14 
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APPEISDIX  > 

Table  VII.— Saint  Croix  River. 

Afilei  of  telegraph  line  required  to  connect  the  Saint  Croix  system  of  reservoirs. 

Miles. 

Pine  City,  on  Saint  Panl  and  Duluth  Railroad,  to  dam  on  Ground  Hoase 24 

Pine  City,  on  Saint  Paul  and  Duluth  Railroad,  to  dam  at  Chengwatana 2 

Cheng watana  to  dam  on  Saint  Croix,  at  head  of  Kettle  River  Rapids 14 

Head  of  Kettle  River  Rapids  to  dam  on  Yellow  Lake 14 

Tellow  Lake  to  dam  on  Namakagon,  below  the  mouth  of  Totogatic  River 18 

Mouth  of  Totogatic  to  dam  on  Saint  Croix,  below  Lake  Saint  Croix 14 

Branch  ^offset)  to  dam  on  Totogatic,  below  Gilmore  Lake 5 

Ltftke  Saint  Croix  to  dam  at  outlet  of  Eau  Claire  Lake 19 

Eau  Claire  Lake  to  dam  on  Upper  Totogatic 9 

Mouth  of  Totogatic  to  dam  on  Namakagou,  at  Veazie's 21 

Yellow  Lake  to  dam  on  Clam  River,  below  Clam  Lake 10 

Clam  Lake  to  dam  on  Yellow  River,  below  Rice  Lakes 10 

Total 160 

Making  Pine  City,  on  the  Saint  Paul  and  Duluth  Railroad,  the  headquarters  office 
of  the  system,  this  point  being  64  miles  distaut  from  Saint  Paul. 


APPENDIX  h. 

Table  VIII. — Saint  Croix  River. 

List  of  lands  and  approximate  areas  which  will  he  overfiowed  by  proposed  reservoirs  on  Saint 

Croix  River  and  tributaries, 

[Omitted. — See  House  Ex.  Doc.  No.  39,  Forty-sixth  Congress,  second  session,  pp. 
64-74.] 

Swnmary  of  lands  and  approximate  areas  which  will  be  flowed  by  proposed  reservoirs  on  the 

Saint  Croix  River  and  tributaries. 


Location. 


m  BTATK  OF  WIBCONSni. 

Bioo  Lakes 

Yellow  Lake 

Clam  Lake... 

Head  of  Kettle  Kiver  Kapids  . 

Teazle's 

Upper  Saint  Croix 

Lower  Namakagon 

Baa  Claire  Lake 

UDper  Totogatic 

GumoreLake 

m  8TATX  OF  mnxisoTA. 

Chengwatana 

QroimdHoase 

Total 


Aeret. 

623 

841 
1,246 
5,645 

120 

9.894 

40 

234 
2,216 

120 


1,840 
1,440 


School 
lands. 


Aeret. 
400 

85 


239 
160 

238 


709 
640 


Entered 
lands. 


Acres. 
123 
678 
709 
2,352 
183 
180 
880 
365 
280 
40 


15,  912 
5,357 


24,259  2,471  i      26,522 


Railroad!   ^,^J^ 


I 


Acres. 
1,829 


4,353 
160 
2,633 
2,964 
4,911 
1,008 
3,051 
3,382 


1,073 
160 


Aeres. 

949 
4,573 
2,579 

219 
3,031 
1,761 
4,732 

926 

360 
3,974 


195 
80 


25, 524        23, 879 


At  each  res- 
ervoir, to- 
tal lands. 


Acres. 
3,924 
5,992 
8,972 
8,376 
5,967 
14,799 
10,302 
2,603 
5,907 
7,764 


19,720 
7,677 


102,002 


NoTK. — ^Approximately  correct. 
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APPENDIX  p. 

Table  V. — Chippewa  River. 

Discharge  of  tributaries  to  Chippewa  River. 


• 

j 

'                 9 

1-2 

1     *- 
1      c 

« 

X 

station. 

Date. 

1      '"S^ 

l£- 

?^s 

1 

1 

ill' 

3si 

» 

'  ^ 

< 

s 

0^ 

• 

1879. 

Lin./t 

Lin.  ft 

Sq./L 

Below  Bear  Lake  on  East  Fork  of  Chippewa 

June  20 

0.6 

153.0 

471.96 

0.80S 

sai 

River. 

July   12 

2.1 

12L2 

486.4 

0.971 

471* 

•Below  Little  Chief  Lake 

Aug.     1 

• . . . . 

8a6 

19a  .%T 

0.212 

4L< 

At  sitefor  proposed  dam  at  Pa-kwa-wang 
on  West  Fork  of  Chippewa  River. 

Aug.     6 

0.2 

121.0 

193.32 

1.9i<3 

3e3.< 

0.2 

12L0 

193.32 

L839 

SJi- 

0.2 

121.0 

193.32 

L858 

sa; 

0.2 

12L0 

193.32 

L824 

331 «. 

Below  site  for  pronosed  dam  at  Moose  Lake 
and  below  month  of  Tea  River. 

Sept  29 

Low-water. . 

51.0 

9L375  1 

0.i»5 

a..' 

....do .. 



51.0 

9L375 

0.921 

8i! 

— do  .. 

51.0 

9L375 

0.900 

i-i: 

do  .. 

51.0 

91.375 

0.911 

a: 

Tea  River  one  mile  below  the  outlet  to 

Sept.  30 

....  do    . 

35.0 

57.175  1 

0.530 

»: 

Crop  Lake. 

— do  .. 

35.0 

57. 175 

0.531 

m 

....do.. 

35.0 

57. 175 

0.524 

^^ 

Tea  River  on  West  Fork 

....do.. 

35.0 

57.175  , 

0.528 

fsn: 

Below  month  of  Tea  River — discharge  at 
dam-site  on  West  Fork. 

fSept.  29 
Oct.     25 

do  . . 

51.0 

9L375 

0  907 

*a.f 

do  .. 

At  outlet  to  Little  Courtes  Oroilles  Lake. . 

6.3 

41.6 

lOa  075 

0.261 

• 

0.3 

41.0 

108.075 

0.262 

2p.^ 

*  Dam  above  close<l.      t  Mean  of  three  o 

bservation 

8.      *  Mean  of  four  observations. 

§I>iffer»c«. 

APPENDIX  q. 
Table  VI. — Chippewa  River. 
Tables  of  elevations  above  sea  level. 


EAST  FORK  CHIPPEWA  I^VER. 

ESentM 
infect 

Wat<>r  at  Chippewa  Crossing,  East  Fork  Chippewa  River 1, 509.3 

Water  in  East  Fork  Chippewa  River,  in  section  16,  township  42  north,  range 

2  west  (road  crossing) 1, 4S7.' 

Water  in  East  Fork  Chippewa  River,  in  section  19,  township  42  north,  range 

2  west  (foot  of  rapids) 1.461* 

Water  in  Pelican  Lake l\4l&. 

Wat^r  in  Bear  Lake 1, 433.9 

Water  below  proposed  dam  at  Bear  Lake l|430. 

Water  in  East  Fork  Chippewa  River,  at  head  of  Cedar  Rapids. 1» 430.^' 

Water  in  East  Fork  Chippewa  River,  at  head  of  Snaptail  Rapids 1, 36?.^ 

Water  in  BlaisdelPs  Lake,  nearly  same  as  foot  of  Cedar  Rapids l,  37i.^ 

Water  in  Hunter's  Lake... l,325ii 

Water  in  Little  Chief  Lake I,33i4 

Water  at  dam>site,  Little  Chief  Lake 1,'3S14 

WEST  FORK  CHIPPEWA  RIVER. 

Water  in  Partridge  Crop  Lake l,3Si4 

Water  in  Summer  Lake 1,29^^ 

Water  in  Moose  Lake 1,'36L? 

Water  below  dam  at  Moose  Lake 1,358.? 

Water  at  mouth  of  Tea  River l,35i^ 

Water  in  Crop  Lake !  1,384.? 


APPENDIX  U.  1653 

Elevation 
in  feet. 

ater  in  Lost  Lake 1,385. 

ater  at  mouth  of  Little  Chief  River 1,287.2 

ater  in  Little  Chief  River  at  J.  D.  Haywood's  dam 1, 292. 7 

at«r  above  dam 1,293.8 

ater  in  Crane  Lake c  1,300.7 

ater  in  Chief  Lake 1,295.7 

ater  in  Large  Lake,  in  sections  26,  27,  34,  35,  township  40,  range  7  west.. .  1, 305. 9 
ater  in  Small  Lake,  in  sections  34,  35,  township  40  north,  range  7  west.. .  1, 306. 9 

ater  in  Pokegama  Lake 1,290.5 

ater  in  West  Fork  Chippewa  River  above  rapids,  near  dam  site 1, 286. 0 

COURTS  OREILLES. 

ater  in  Lake  Coarts  Oreilles 1,287.2 

ater  in  Grindstone  Lake 1,287.6 

ater  in  Island  Lake 1,292.0 

ater  in  lake  in  sections  34,  35,  township  40  north,  range  9  west 1, 290. 6 

ater  in  lake  in  section  34,  township  40  north,  range  9  west 1,292.9 

ater  in  Fish  Lake 1,288.7 

ater  in  Sand  Lake 1,301.1 

ater  in  Little  Sand  Lake 1,303.8 

ater  in  Flat  Lake 1 1,320.3 

ater  in  Little  Coarts  Oreilles  Lake,  below  dam  site 1,286.4 

ater  in  Small  Lake,  section  33,  township  40  north,  range  8  west 1, 299. 7 


APPENDIX  r. 

Table  VIL— Chippewa  River.. 

Table  of  distances  from  Eau  Claire,  by  water. 

To-  Miles. 

int  Creek  dam  site 19 

r-kwa-wang  dam  site 116 

ttle  Chief  Lake  dam  site 116.5 

•nrtes  Oreilles  dam  site 118 

>ofleLake  dam  site 130.5 

tar  Lake  dam  site « 131 

ittemat  Lake  dam  site 145 

mnd  Lake  dam  site 172 

uaw  Lake  dam  site  ..^ 179.5 

irk  Lake  dam  site 191.5 

tar  Creek  dam  site 1 196.5 

«t  Lake  dam  site 221.5 


APPENDIX  ». 

Table  VIII.— Chippewa  River. 

ble  of  lengths  of  '^  telegraph  line^*  necessary  to  he  constructed  to  connect  the  proposed  dam 
ntes  at  the  different  reservoirs  at  the  sources  of  the  Chippewa  River  m(K  the  nearest  tele- 
rrraph  line. 

Miles. 

lippewa  Crossing,  on  line  of  Wisconsin  Central  Railroad,  to  Bear  Lake 16 

tar  Lake  to  Little  Chief  Lake 12 

ttle  Chief  Lake  to  Pa-kwa-wang 3 

k-kwa-wang  to  Moose  Lake 9 

k-kwa-wang  to  Courtes  Oreilles 16 

ittemnt,  on  line  of  Wisconsin  Central  Railroad,  to  Battemnt  Lake 6 

field,  on  line  of  Wisconsin  Central  Railroad,  to  Round  Lake 17 

»and  Lake  to  Squaw  Lake 6 

uaw  Lake  to  Bear  Creek 12 

ar  Creek  to  Park  Lake 9 

ar  Creek  to  Rest  Lake 9 

lippewa  Falls  to  Paint  Creek 4 

Total \\^ 


J 
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APPENDIX  i. 


Tablb  IX. — Chippewa  River. 


Lki  of  Umda  and  approximate  areas  which  will  he  overflowed  hjf  propose  reeenomn  oa  II 

CMppewa  Biver  and  tributaries, 

[Omitted.    See  House  Ex.  Doe.  No.  39,  Forty-sixtli  Congress,  secood  mssioii,  p 
iS^ttiiiiiuiry  of  lands  damaged  at  the  reservoirs  on  the  Chippewa  Biver  and  tie  tribuiaries. 


Kame  of  resenroir. 


Bear  Lake 

Little  Chief  Lake. 

HoooeLake 

Pa-kwa>waocr 

Conrtea  Oreulea. . 

Paint  Cieek 

Battemnt  Lake  . . 

Park  Lake 

Beat  Lake 

Bear  Creek 

Bound  Lake 

SqoawLake 


Total. 


Lands  belonging  to  State 
of  Wiaoonsin. 


I 


Acr§s. 
720.00 


1,000.00 


I 


Acres, 
120.00 


653.54 

547.93 

614.17 

217.00 

14,164.00 

2, 750. 00 

1,060.00 


t 


Acres.  I 
840.00 


200.00 
520.00 
286.75 


275.00 

1,690.00 

440.00 

425.00 


1,200.00 

520.00 

206.75 

652.54 

947.93 

614.17 

492.00 

15,863.00 

3, 190. 00 

2,385.00 


Lands  belonging  to  private 
parties  and  corporations. 


1 
I 


Acres. 

4,230.00 

2,603.91 

2,520.00 

5,969.18 

925.95 
2,236w5a 
l,4f2.49 

121.88 
3,283.00 
1,  820. 00 
2,405.00 

775.00 


22, 62&  64  3, 965. 75|26, 501. 39,27, 902. 97 


Acres. 


1,440.00 

7,274.73 

3,364.93 

200.79 

607.74 

28&90 

41.00 

2,521.00 

767.00 

1,400.00 


17,89&09 


3 

o 
H 


United  StatM  and  ladk 
reeerve  lands. 


Acres. 
4,230.00 
2,693.91 
3,960.00 
13, 243. 91 
4,290.88 
2.487.35 
2,080.23 
410. 78 
3,274.00 
3,84L0O 
3.162.00 
2,175.00 


s 

1 

•a 


Acres. 


960.00 
1,658.53 
2.108L87 


333.10 

2,067.30 

3. 657. 00 

4.842.00 

604.00 

135.00 


I 


3 

e 
H 


Acres.      Aen 


7,  378. 941 
3, 410.  91 1 


9,08: 
5,511 


1      3» 

I  2.063 

L3.«51 

11, 887. 0016.  Sa 
j      4M 

240.  WS      S7S 


45. 799. 06 16^  866. 00122,  716. 85  3a  60 


|22. 


Note. — Approximately  correct. 
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APPENDIX  V. 

Table  II.— Wisconsin  River. 

'  lands  and  appraximatt  area$  wMch  will  he  overflowed  by  proposed  reservoirs  on  the 

Wisconsin  Biver, 

itted.    See  House  Er.  Doc.  No.  39,  Forty-sixth  Congress,  second  session,  pp. 

SUMMABY  BY  KESBKVOIBS. 
Overflowed  lands. 


Designation  of  reservoir. 


Jamp. 
Apida. 
iwk... 
1 


otal 

rand  total 


«M 

o 

I 

•sa 


I 


s^ 


Si 

I 

^1 


1 


111 


« 

o 
It 

t 

n 


Acres. 

Acres. 

2,500 

1,624 

1,678 

1,270 

6,721 

6,142 

1,223 

2,965 

8,280^ 

860 

1,497 

648 

16,899 

13,009 

Acres. 


3,456 


8,456 


& 


O 


Acres. 


996 


996 


a, 


a 


EC'S 


Cfi 


l§ 


Acres. 
8,276 
1,257 
11,149 
5,722 
1,220 
2.989 


30,612 
64,972 


NoTK. — ^Approximately  correct. 

•  •  • 


APPENDIX  w. 


reservoirs. 


ig  sluicing  dams  on  Chippewa  and  Wisconsin  rivers  and  trihutarieSj  at  or  near  pro- 
posed dam  siteSf  where  surveys  for  reservoirs  have  heen  made. 


f  stream  npon  which 
located. 

Location  of  dam. 

• 

Parties  to  whom  charter 
was  granted. 

When 
granted. 

!hiof  Biver 

N£.  i  section  26,  township  40  north. 

range  7  west. 
Section  23,  township  40  north,  range  3 

east 
East  of  east  line  of  township  38  north, 

range  8  west. 
Section  18,  township  40  north,  range  1 

west. 
Section  26,  township  41  north,  range  4 

west 
Section  14,  township  41  north,  range  6 

west 
Section  32,  township  42  north,  range  5 

west 
SAAtinn  32.  tnxmMliiTk  40  nnrih.  nuiirA  ft 

A.  J.  Hayward  and  W.  E. 

McCord. 
Henry  Hewett  and  Eric 

McArthnr. 
FredficG.  Stanley ^Eraorv 

D.  Stanley,  BnrtE.  Bei^. 

1879 

Lake 

1878 

1  Oreilles  Bivcr 

mt  Creek* 

1878 

ike* 

t 

[ooee  Lake  * 

ork  Chippewa  Biver* 
9f  Pokegama  Lake  * . 

, 

west. 

Dam  *t Sftfttlnn  B.  tn«n«h{Ti  3fl  north.  rAntm  0 

Apids*: 

east 
Section  36,  township  40  north,  range  9 
east 

find  no  record  of  charters  granted  for  dams  at  these  locations. 

owage  on  Wisconsin  Biver.  \  PrinoVpal  f^o^u^f^  oii Ya\^'^'^v;^x 
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APPENDIX  X. 


RE6BKV0IR8. 


Table  of  waUrsheda  tributary  to  Ike  Mi$8ii»ij^  Bwer  above  ^  Ohio,  taken  from  Gcaenl 

Warren^s  rtport  on  bridging  the  Mississippi  River. 


Name. 


Mixmesota  River 

Whetstone  or  Isnza  Siver  . . 

Yellow  Banks  Biver 

Pomine  de  Terre  BiTer 

Lao-qul-parle  Biver 

Chippewa  Biver 

Yellow  Medicine  Birer 

<3hetoinba  or  Hawk  Creek  .. 

Bedwood  Biver 

Beaver  Creek 

Bif  Cottonwood  Biver  , 

Little  Cottonwood  Biver 

Blae  Earth  Biver 

Cherry  Creek 

Little  Le  Suenr  Biver 

Boah  Biver 

High  Island  Creek 

Sand  Creek 

Carver  Creek 

Credit  Biver 

Nine-Mile  Creek 

Mississippi  Biver 

Saint  Croix  Biver  and  Lake. 

Vermillion  Biver 

Trimbelle  Biver 

Cannon  Biver 

Isabelle  Biver 

Bnah  Biver 

Chippewa  Biver 

Beef  Biver 

Zumbro  Biver 

Whitewater  Biver 

Biagle  Creek 

Bofling  Stone  Creole 

Trempelean  Biver 

Black  Biver 

La  Crosse  Biver 

Boot  Biver ^ 

Baccoon  Creek 

Crooked  Creek 

Badaxe  Biver 

TTpper  Iowa  Biver 

Paint  Creek 

Yellow  Biver 

Wisconsin  Biver 

Xurkey  Biver 

Orant  Biver 

Platte  Biver 

Little  Makoqneta 

Catfish  Creek 

Big  Menomcmee  Creek 

Sinslnawa  Creek 

T6te  de  Mort  Creek 

Fever  River 

Mill  Creek 

Makoqneta  Biver 

Apple  Biver 

.Jlash  Creek 

Plam  Biver 

Wapsijpinicon  Biver 

BocK  River 

•Copperas  Creek 

Iowa  River 

Edward's  River 

Pope  Creek 

Henderson  River 

Flint  Creek 


si 


810 

110 

340 

960 

830 

1,970 

650 

470 

770 

240 

980 

245 

3,350 

57 

144 

102 

75 

234 

100 

140 

42 

21,600 

7,668 

237 

95 

1,639 

73 

183 

9,602 

452 

1,366 

382 

158 

136 

700 

2,880 

463 

1.685 

139 

70 

180 

939 

7§ 

279 

11,850 

1,679 

289 

806 

150 

75 

32 

50 

45 

185 

35 

1,863 

245 

85 

280 

2,490 

10,690 

25 

12,250 

43 

135 

62.5 

165 


o 


I 


310 

420 

760 

1,720 

2,550 

4,520 

5,170 

6.640 

6,410 

6,650 

7,630 

7,875 

11,225 

11,2^ 

11,426 

11,528 

11,603 

11.837 

11,937 

12,077 

♦12, 119 

83,719 

41,287 

41,524 

41, 619 

43,258 

43,331 

43,514 

53,116 

53.568 

54,934 

55,316 

55,474 

55,610 

56,310 

59,*190 

50,663 

61,388 

61, 477 

61,547 

61,727 

62,666 

62,736 

63,015 

74,865 

76,544 

76,833 

77,139 

77,289 

77,364 

77,396 

77,4* 

77, 491 

77,676 

77, 711 

79,514 

79. 819 

79,904 

80,184 

82,674 

93,364 

93,389 

105,  639 

105,682 

105,  817 

106,  442 
106,607 


at 


t 


30 

6 

13 

15 

10 

20 

1 

20 

2 

37 

4 

16 

15 

7 

2 

6 

18 

1 

15 

2 

9 

30 

3 

9 

5 

5 

4 

18 
9 
9 
1 
9 
6 
10 
18 


4 

7 

3 

7 

3 

25 

4 

7 

21 

13 

6 

3 

7 

4 

4 

1 

3 

I 

7 

4 

2 

6 

28 

25 

26 

15 

4 
18 

4 


3 

o 
H 


s 

es 


30 
36 
49 
64 
74 
M 
95 
115 
117 
154 
158 
174 
180 
106 
108 
204 
222 
223 
238 
240 
340 
270 
282 
291 
206 
301 
305 
323 
332 
841 
342 
351 
357 

367  ; 

385 

385  I 
380 
396 
300  ! 
406  1 
469 
434  > 
438  t 
445 
4«6  I 
479 
485  i 
488 
495  I 
490 
503 
504  I 
507 
514 
521  1 

525 : 

527 
S33  I 
561  , 
586 
612  I 
627  f 
620  I 
633 
651 
655  I 


B.&' 
B.B 


B.& 


B.B 


B.B. 


L& 

*l'£ 

'  m    «  ■  •'- 

L& 
LI 


B.B 
KB. 


B.& 

\"[ 

B.K 

ill 

Li 

B.& 

Li 

B.R 

1  LI 

L& 

iLK 

RR 

LE 

RR 

LI 

LB 

LR 

La 

RR 

RR 

LB. 

R*R 

LB 

LB 



LB 

R.R 

LB 

RR 

Li 

RR 



R.R 

RR 

.••>•- 

Li 

RR 

•  ■  •  • " 

LB 

Li 

RR 

RR 

1 

Li 

Li 

RR 

Li 

RB. 

RR 

..-•  — 

LB 

LB 

Li 

RR 

..— 

Li 

Li 

RR 

Li 

Li 

Li 

RR 

•  •-••• 

♦  Tq^^  ot  IfixoxvoAK^tflk  rlvern. 
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''  watersheds  tributary  to  the  Mississippi  River  above  the  Ohio,  jc — Continned. 


l!i«me. 


1 
J 

at 


Bk 

er 

k 

I  River 


Creek 

er 

jr 


•  Creek 


)ek 

ek 

reek 

reek 

ek 

•eek 

]!Teek 

-•er 

^reek 

iver 

ir 

•eek 

tiver 

k 

>k 

ois  Creek  . 
lent  Biver. 
c  Vases  ■ . . 


jr 

River. . . 
's  River 

ek 

•  River . . 

k 

Ic 


104 

65 

4,322 

150 

14,955 

479 

418 

480 

1,590 

465 

90 

140 

2,741 

52 

40 

90 

25 

75 

1,180 

90 

110 

27,465 

100 

518,000 

145 

400 

3,715 

.        70 

110 

50 

110 

100 

240 

5,660 

'      215 

40 

2,245 

200 

135 


« 

il 

■MfS 


106,711 
106, 776 
111,098 
111,248 
126,208 
126,682 
127,100 
127,580 
129, 170 
129,  635 
129,731 
129,871 
132,612 
132,664 
132,704 
132,794 
132,  819 
132,894 
184,074 
134.164 
134,274 
161, 739 
161,839 
679.839 
670,  984 
680,384 
684.099 
684,169 
684.279 
684,329 
684,439 
684.539 
684,779 
690,439 
690,654 
690,694 
692.989 
693, 139 
693,274 


I 

9 

I 


3 
5 
1 

18 

32 
4 

15 
5 

13 
2 
3 

13 

18 
3 
1 

13 
2 

19 
9 
3 
6 
8 

10 

10 


17 
18 
7 
5 
9 
6 
4 
12 
7 
4 

24 

6 

1 

18 

42 


1 

o 
H 


658 
663 
664 
682 
714 
718 
788 
738 
751 
753 
756 
760 
787 
790 
791 
804 
806 
825 
834 
837 
843 
851 
861 
871 
871 
888 
906 
913 
918 
927 
933 
937 
949 
956 
960 
984 
990 
991 
1,009 
1,051 


I 


R.B. 
R.B. 
R.B. 
RB. 


R.B. 
R.B. 
RB. 


RB. 
RB. 
RB. 
RB. 
RB. 
RR 
RR 
RR 
RB. 


RB. 


RR 


RR 
RB. 
RB. 
RB. 
RB. 


RR 
RR 


« 

5 


L.R 
L.B. 


•  •  «  •  < 


L.B. 


L.R 
L.R 


L.B. 
L.B. 

L.B. 
L.B. 


L.B. 


L.R 
L.B. 


L.R 
LiR 


U  9. 

EXPERIMENTAL  DAM  AT  LAKE  WINNIBIGOSHI8H. 

ress,  by  act  approved  June  14, 1880,  appropriated : 

>  reservoirs  at  the  headwaters  of  the  Mississippi  River,  to  be  used  in  the  con- 
of  a  dam  at  Lake  Winnibi^oshish,  seventy-five  thonsand  dollars:  Providedy 
injuries  occasioned  to  individuals  by  overflow  of  their  lands  shall  be  ascer- 

id  aetennined  by  agreement,  or  in  accordance  with  the  laws  of  Minnesota, 
not  exceed  in  the  aggregate  five  thousand  dollars. 

Kainination  of  the  site  was  made  daring  the  month  of  Jane,  last^ 
A  collected  from  which  to  prepare  detailed  plans,  drawings,  and 
es.  It  is  proposed,  with  the  funds  appropriated,  to  constract  a 
timber  and  earth,  to  have  a  lift  of  about  16  feet  above  low-water; 
k  to  be  performed  by  day  labor  and  purchase  of  materials  in 
irket,  it  not  being  possible  to  predict  quantities  of  material,  or 
QO  variation  in  mode  of  construction,  from  day  to  day,  so  as  to 
b  entering  into  contract  for  the  same.  It  is  expected  that  the 
appropriated  will  complete  this  dam;  hence,  no  estimate  is 
td  for  future  work.  As  the  appropriation  for  this  dam  may  be 
)d  as  the  initiative  for  a  trial  of  the  proposed  reservoir  system  at 
rces  of  the  Mississippi,  Saint  Croix,  Chippewa,  and  W\^^i«iSkS«L 
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rivers,  to  ameliorate  the  damage  from  floods,  and  to  improve  the  bw- 
water  navigation  of  those  streams,  and  ultimately  of  the  Missisappi 
Biver  for  some  distance  below  Saint  Paul,  it  will,  in  addition  to  tfc 
maintenance  and  operation  of  this  dam,  be  necessary  to  observe  its  ef- 
fect upon  a  limited  portion  at  least  of  the  river  below  it.  To  carry  tliig 
out  and  care  for  the  ^'plant^  will  require  for  the  fiscal  year  ending  June 
30, 1882,  at  least  $6,000.  lu  the  original  estimates  for  ^e  reservoirs  it 
is  assumed  that  for  the  first  ten  years  the  dams,  if  well  built,  can  be 
kept  in  repair  for  15  per  cent.  <5f  their  original  cost.  #The  sum  abov« 
named  is^far  below  the  15  per  cent.  It  is  probable  that  a  special  report 
upon  this  work  will  be  submitted  in  time  for  the  consideration  of  ti» 
next  Congress.  No  important  benefits  to  navigation  or  other  interests 
can  be  expected  from  this  single  dam. 

This  work  ib  in  the  collection  district  of  Minnesota.  Duluth.  Minn.,  is  the  neaies 
port  of  entry,  at  which  place  the  revenues  collected  for  the  fiscal  year  ending  Jane  30. 
1880,  amounted  to  $4,9  64. 5 

Money  statement. 

Amount  appropriated  hy  act  approved  June  14,  1880 |75, 000  0* 

July  1,  1880,  Amount  available 75, 000  » 


U    ID. 

survey  of  the  mississippi  river  from  saint  paul.  to  the  faui 

of  saint  anthony,  minnesota. 

Engineer  Office,  United  States  Army, 

Saint  Paulj  Minn.y  April  15, 18S0. 

General  :  I  have  the  honor  to  present  the  following  report  of  s 
survey  of  the  Mississippi  Eiver  from  Saint  Paul  to  the  Falls  of  Saint 
Anthony,  made  in  obedience  to  the  requirements  of  section  2,  act  of 
Congress,  approved  March  3, 1879 : 

'  •  •  •  *  •  •  • 

No  continuous  government  survey  of  this  piece  of  river  seems  to  hare 
been  made  since  1867,  so  that  the  maps  now  presented  are  vsdaabk 
as  showing  its  condition  to  date. 

The  survey  extended  from  the  lower  highway  bridge,  at  MinneapoUs. 
to  the  Saint  Paul  and  Sioux  City  Eailroad  Bridge,  at  Saint  Paul,  a  dis^ 
tance  of  about  13  miles.  The  approximate  low-water  fall  between  these 
points  is  45  feet. 

The  channel  between  Minneapolis  and  Saint  Paul  is  divided  by  sev 
eral  islands,  and  occupied  by  log  and  sheer  booms,  cribs,  &c. "  Just 
above  the  junction  of  the  stream  with  the  Minnesota  River  is  the  Fort 
Snelling  Bridge.  A  few  miles  above  this  bridge  is  the  site  o^the  bridge 
(under  construction)  of  the  Chicago,  Milwaukee  and  Saint  Paul  EaS- 
way  Company.  The  channel  at  low-water  is  very  shoal,  and  the  bed  d 
the  river,  for  several  miles  below  Minneapolis,  paved  with  water-logged 
slabs  and  edgings,  refuse  from  the  mills  at  Minneapolis.  There  is  do 
steamboat  traffic  between  Saint  Paul  and  Minneapolis,  excepting  thai 
occasionally  a  small  light-draught  steamer  makes  an  excursion  as  tu 
up  as  Fort  Snelling.  Therefore,  no  estimates  for  improvement  are  sub- 
mitted herewith. 

Congress,  by  act  approved  July  23,  1868,  granted  to  the  State  of  Mifr 
Jiesota  certain  sections  of  public  lands  to  aid  in  the  construction  of  > 
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lock  and  dam  at  Meeker's  Island.  Subsequently,  by  a<5t  approved  March 
3,  1873,  Congress  appropriated  towards  the  construction  of  the  lock  and 
dam  the  sum  of  $25,000,  with  the  proviso : 

That  all  rights  and  claims  in  and  to  the  land-grant  made  to  the  State  of  Minnesota 
for  the  above  work  by  act  approved  July  23,  1868,  shall  be  fully  relinquished  to  the 
United  States  before  any  of  this  ax)propriation  is  expended. 

No  satisfactory  relinquishment  has  as  yet  been  made  to  the  United 
States. 

The  report  of  ^Assistant  Terry,  together  with  two  tracings  of  map  of 
survey  on  scale  of  1  inch  to  400  feet,  is  submitted  herewith. 
Very  respectfully,  your  obedient  servant, 

Chas.  J.  Allen, 

Captain  of  JEngineers. 
Brig.  Gen.  H.  G.  Wright, 

Chief  of  Engineers^  tl.  8.  A. 


report  of  mr.  frederick  terry,  assistant  engineer. 

Engineer  Office,  United  States  Army, 

Saint  Paul,  Minn.,  April  12,  1860. 

Sir  :  I  respectfully  submit  the  following  report  of  the  survey  of  the  Mississippi  River 
from  Sainfr  Paul  to  the  Falls  of  Saint  Anthony. 

In  obedience  to  your  instructions,  I  commenced  work  at  Minneapolis  on  October  27, 
1679,  with  Messrs.  J.  B.  Parkinson  and  E.  A.  GuiU  as  assistants,  and  a  force  of  twelve 
laborers.  The  field  of  work  was  between  points  established  by  previous  United  States 
surveys  at  Minneapolis  and  the  survey  made  under  direction  of  Maj.  F.  U.  Farquhar, 
which  had  been  brought  up  the  river  as  far  as  the  Sioux  City  Railroad  Bridge.  The 
distance  between  these  points  was  found  to  be  13^  miles.  The  work  was  completed 
and  the  laborers  discharged  on  November  11,  1879. 

The  channel  of  the  river  is  divided  by  a  number  of  islands  and  bars,  these  last  con- 
aistiug  principally  of  sawdust  and  edgings  from  the  saw-miUs  at  Minneapolis,  with 
some  gravel  and  small  rocks. 

The  current  of  the  river  is  very  rapid  through  nearly  the  whole  distance  covered 
by  the  survey,  and  above  Meeker's  Island  the  Current  was  found  too  swift  to  sound 
with  any  of  the  appliances  at  my  command.    The  river  below  this  point  was  sounded 
.without  trouble. 

The  slope  of  the  river  from  the  lower  bridge  at  Minneapolis  to  the  Sioux  City  Rail- 
road bridge  at  Saint  Paul  is  about  45  feet  at  a  2-foot  stage.  It  was  found  impossible 
to  arrive  at  an  exact  determination  of  the  slope  on  account  of  the  fluctuation  of  the 
water,  due  to  the  manipulation  of  the  sluice-gates  of  the  water  power  at  Minneapolis. 

It  was  proposed  some  years  ago  to  construct  a  lock  and  dam  at  Meeker^s  Island  for 
the  purpose  of  extending  navigation  to  the  foot  of  the  Falls  of  Saint  Anthony,  and  a 
survey  was  made  in  1873  to  base  an  estimate  of  the  expense  of  such  a  work,  but  the 
cost  was  found  to  bo  so  great  that  nothing  has  ever  been  done  towards  its  construc- 
tion. I  present  no  plan  for  the  improvement  of  that  portion  of  the  river  covered  br 
the  survey,  as  there  is  no  commerce  above  Saint  Paul,  and  the  expense  of  any  such 
improvement  would  be  out  of  proportion  to  any  benefits  it  would  at  present  confer. 
Very  respectfully,  your  obedient  servant, 

Frederick  Terry, 

Assistant  Engineer, 

Capt.  Chas.  J.  Allen, 

Corps  of  Engineers^  U,  S,  A, 


U  II. 

survey  of  saint  croix  river  from  taylor's  falls,  the  head  of 

steamboat  navigation,  to  prescott. 

, ,  *  Engineers  Office^  United  States  Army, 

Saint  Pauly  January  26, 1880. 

General:  I  have  the  honor  to  report  the  results  of  a  survey  of  the 
Saint  Croix  Biver,  Minnesota  and  Wisconsin,  made  in  accordflkw^c/^  ^^n^ 
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aathority  from  the  Chief  of  Engineers,  as  per  letters  of  the  14th  and 
23d  of  May,  1879. 

Early  in  August,  as  soon  as  the  stand  of  water  approached  the  low- 
water  stage,  a  party  was  organized  and  placed  in  charge  of  AssiaUnt 
Engineer  Frederick  Terry,  assisted  by  Messrs.  J.  B.  Parkinscm  and  E.  A. 
GuUl,  assistant  engineers,  to  survey  the  rivw  fi^om  Taylor's  Falls,  the 
head  of  steamboat  navigation,  to  Prescott,  at  theconflaeDce  of  the  Saint 
Croix  and  the  Mississippi,  the  total  distance  being  about  52  miles.  The 
operations  of  the  survey  consisted  in  the  usual  triangulation,  meaoder- 
ings,  soundings,  and  gaugings  of  the  discharge ;  in  addition,  fisdl  tinei 
of  level  were  run  over  the  entire  distance,  giving  the  fall.  The  levd^ 
are  all  referred  to  sea-level.  The  party  returned  to  this  city  on  the  24tli 
of  October,  1879,  having  satisfactorily  performed  the  duties  required, 
and  was  immediately  transferred  to  tiie  survey  of  the  Mississippi  b^ 
tween  Saint  Paul  and  the  Falls  of  3aint  Anthony,  said  survey  hamg 
been  ordered  by  section  2,  act  of  Congress  approved  March  3, 1879.  It 
was  considered  as  in  the  interest  of  economy  to  thus  transfer  the  party. 
Upon  the  completion  of  the  latter-named  survey,  the  party  returned  to 
Saint  Paul  and  projected  maps  of  the  Saint  Croix  Biver. 

The  course  of  the  Saint  Croix  between  Taylor's  Falls  and  Prescott  '^ 
unusually  direct  for  a  stream  flowing  over  an  alluvial  bed.  But  &w 
curves  occur.  The  material  composing  the  bed  is  sand,  gravel,  sone 
bowlders,  and  some  clay.  The  banks  are  subject  to  wash.  The  channel 
is  divided  by  a  large  number  of  islands^  forming  secondary  channek 
chutes,  and  sloughs,  which  are  largely  utilized  by  the  logging  interest 
for  storage  and  distribution  of  logs.  The  banks  are,  alternately,  bottoa 
andblufl';  the  former  about  8  to  10  feet  above  low- water;  the  latter 
rising  as  high  as  150  feet.  At  the  Dalles  the  trap  rock  rises  piecipi- 
tously  from  the  water's  edge.  The  river  is  fed  by  numerous  streams 
ranging  from  the  smallest  creeks  upwards.  The  Apple  and  KinnickiD- 
nick  rivers  contribute  large  quantities  of  gravel,  and  all  of  them  more 
or  less  gravel,  sand,  and  mud.  As  might  1^  expected,  frequent  change 
in  the  channel  have  occurred,  especially  after  the  spring  freshets.  Tk 
low- water  volume  at  Taylor's  Falls  is  about  1,900  cubic  feet  per  secood: 
at  McLeod's  Lake,  about  14  miles  below  the  falls,  it  is  2,309  cubic  feet 
per  second ;  and  at  the  foot  of  the  lake  about  2^00  cubic  feet  per  second. 

The  average  low- water  slope  from  Taylor's  Falls  to  Stillwater,  at  tiw 
head  of  the  lake,  is  0.605  foot  per  mile. 

The  range  of  water  surface  at  Taylor's  Falls  Landing,  below  the  Dal- 
les is  11  feet;  at  Stillwater,  16  feet ;  and  at  Prescott,  where  the  Missis- 
sippi exerts  a  strong  influence,  it  is  about  22  feet.  The  stage  of  water 
in  the  river  is  much  affected,  also,  by  the  operations  of  the  dams  above 
the  Dalles,  these  dams  being  used  by  loggers  for  the  purpose  of  creating 
a  driving  stage  for  logs.  This  has,  however,  been  referred  to  in  mj 
report  of  December  9, 1878,  upon  the  Saint  Croix. 

The  obstructions  t<o  navigation,  viz,  piers,  snags,  leaning  trees,  bovl* 
ders,  sand-bars,  &c.,  are  also  referred  to  in  that  report  and  in  preceding 
ones. 

The  stream  is  navigated  by  steamers  and  barges;  and,  in  additioo. 
by  rafts  below  Stillwater. 

Three  feet  to  3^  feet  depth  in  the  channel  at  lowest  water  generaUj 
satisfies  the  wants  of  steamers  plying  above  Stillwater.  To  insure  ttie 
depth  required  the  low-water  wicjth  of  the  stream  must  be  contracted 
at  a  number  of  points  to  400  feet. 

The  survey  commenced  at  the  Dalles  Bridge,  although  a  bench  mark 
was  established  at  a  pomt  otjl  \X3Lfc  Mimi^»cita»  aide  about  4,000  feet  above 
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jhe  bridge.  From  that  point  to  tke  Taylor's  Falls  Landing,  a  distance 
>f  about  5,600  feet,  the  fall  of  the  low- water  surface  was  ascertained  to- 
>e  19.27  ilBet;  the  greater  part  of  the  fall  accnmnlating  at  the  portion 
>f  the  Dalles  spanned  by  the  bridge. 

Daring  the  earlier  period  of  the  sorvey  and  nntil  McLeod's  Lake  w;as 
reached  the  »tage  of  water  averaged  2.6  feet  above  low- water ;  during 
;he  rest  of  the  survey  the  gauge  indicated  about  6  inches  above  that 
)lane.  The  actual  soundings  are  plotted,  but  the  curve  projected  on  the 
naps  herewith  in  red  is  a  d-foot  curve  reduced  to  low- water.  Much  of 
ihe  good  depth  of  water  indicated  on  the  naaps  is  due  to  the  removal  of 
>betructions  and  other  work  performed  by  the  United  States  in  1878 
md  1879. 

The  first  place  below  the  Dallea  wh^e  shoal  water  was  found  during 
;be  survey  is  in  the  vicinity  of  Islands  1  and  2  (see  map).  Between 
[slarBd  No.  2  sokd  the  right  bank  is  a  channel  known  as  Clark's  Slough, 
^hich,  although  ineumbered  more  or  less  by  old  cribs,  &c.,  has  for 
several  seasons  possessed  bett^  depth  of  water  t^an  the  lefthand  chan- 
id.  A  large  number  of  cribs  and  other  obstructions  was  removed  by 
l:lie  United  States  in  1878,  and  the  material  utilized  in  the  repair  and 
sxtension  of  the  wingdam  at  the  upper  end  of  the  island  (shown  in  black 
)n  the  map).  The  right  bank  of  the  island  was  also  revetted  during  the 
same  season.  The  result  has  been  a  good  channel.  After  hea^^  storms 
n  summer,  however,  the  torrents  issuing  through  the  ravines  leading 
Qrom  the  blufi's  on  the  right  bank  carry  sand  into  this  channel,  a  notable 
instance  of  such  action  having  occurred  during  the  season  of  1879.  To 
leep  this  channel  up  to  its  maximum  usefulness  will  require  the  con- 
^traction  of  the  small  dam  between  the  island  and  the  tow-head,  and, 
)robably,  about  200  linear  feet  of  brush  and  stone  wall  at  the  lower  end 
)f  the  island,  as  shown  in  red  on  the  map.  The  current  evinces  a  tend- 
mey  to  set  in  behind  Island  No.  1,  above,  enlarging  the  chute  and  dis- 
turbing the  existing  state  of  affairs  in  this  locality.  A  dam  850  feet  in 
ength  is  projected  to  close  this  chute. 

Proceeding  down  stream  we  come  to  Island  No.  3,  between  which  and 
;he  left  bank  of  the  mainland  is  a  channel  about  150  feet  in  width.  To 
jerve  the  double  purpose  of  diverting  the  water  from  this  channel  and 
)f  maintaining  the  low- water  width  in  the '  main  channel  at  400  feet,  a 
etty  600  feet  in  length  is  projected. 

Good  depth  of  water  was  found  from  this  last-named  point  down  to 
}he  head  of  Island  No.  5,  or  Boom  Island.  The  current  above  the  head 
)f  the  island  sets  strongly  against  the  left  bank,  which  is  protected  by 
I  revetment  constructed  in  1878  about  1,100  feet  in  length,  and  by  a 
ow  dam  just  below  the  point  300  fe«t  in  length.  The  channel  behind 
Boom  Island  was  at  one  time  partially  clos^  by  dibris  of  cribs,  &c., 
3ut  the  floods  of  last  season  swept  the  material  away,  so  that  there  is 
strong  probability  of  a  large  volume  of  water  taking  tnis  channel.  To 
3revent  such,  and  maintain  the  depth  in  the  main  channel,  a  dam  620 
feet  in  length  is  proposed.  A  dam  200  feet  in  length  across  the  slough, 
eit  bank,  above  Franconia,  will  assist  in  maintaining  a  good  depth  over 
^his  stretch  of  river. 

Just  below  Boom  Island  are  the  Osceola  Islands  7^  8,  9,  and  10.  The 
steamboat  channel  here  is  along  the  left  bank  and  m  frofit  of  Osceola. 
[t  can  be  seen  by  the  map  that  a  large  body  of  water  flows  behind  Nos. 
$,  9,  and  10,  to  prevent  which,  as  well  as  to  maintain  the  depth  neces- 
^ry  in  the  main  channel,  a  series  of  dams,  in  all  1,425  feet  in  length,  is 
)roposed. 

About  1  mile  below  Osceola  are  Islands  Nos.  12  BbiA  l^^XItifeX^XXfct 
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known  as  Mile  Island.  The  channel  at  this  locality  changed  in  dbree- 
tion,  following  the  high- water  of  last  spring,  and  now  passes  to  the  left 
of  Mile  Island.  One  of  the  channels  mnst  be  closed ;  probably  the  right- 
hand  one.    Two  dams,  of  total  length  800  feet,  are  proposed. 

I  may  state  here  that  all  the  dams  and  jetties  proposed  are  not  to 
have  their  upper  surfaces  more  than  2  feet  above  low- water,  and  that 
their  locations  and  dimensions  are  bat  approximate,  as  the  channel  may 
change  before  they  can  all  be  constructed. 

About  half  a  mile  below  Mile  Island  is  the  Liibekiln  Crossing,  where 
trouble  is  frequently  experienced  by  steamers  at  low- water  stage.  To 
contract  the  water-way  here  about  550  linear  feet  of  brush,  and  stone 
work  will  be  necessary. 

Just  above  Island  No.  14  a  dam  or  jetty  450  feet  in  length  will  be 
required. 

Passing  Island  Ko.  16,  the  locality  known  as  Cedar  Bend  is  reached 
The  channel  at  this  point  has  at  times  passed  behind  Islands  17  and 
18.  The  channel  marked  as  the  East  Slough  also  abstracts  some  of  the 
volume  of  the  river,  and  a  large  portion  of  the  volume  of  discharge  goes 
behind  Island  19.  The  banks  of  the  latter  island  and  of  the  large  islai^ 
above  it  are  cutting  rapidly.  About  1,550  linear  feet  of  dams  will  be 
required  here,  and  also  about  1,000  linear  feet  of  shore  protoctiou. 

After  leaving  Cedar  Bend  no  difficulty  in  navigation  is  experienced 
until  reaching  the  foot  of  McLeod's  Lake,  where  the  width  of  streao 
increases,  with  a  shoal-crossing.  At  this  point,  owin^  to  the  direction 
of  the  current,  four  short  spurs  on  the  left  bank,  aggregating  in  length 
675  feet,  will,  it  is  thought,  prove  sufficient. 

At  Island  21  there  is  a  shoal  stretch  of  river,  owing  to  the  increased 
channel  width.  A  series  of  dams  and  spurs,  aggregating  about  70i 
linear  feet,  is  here  proposed. 

Just  above  the  head  of  Island  22  (Pine  Island)  the  channel  again 
shoals.  The  channel  appears  to  be  changing  in  direction  at  this  {Mint 
making  towards  the  right  bank,  whence  it  will  probablj^  cross  again  to 
the  opposite  bank.  It  is  probable  that  a  jetty  600  feet  long,  as  iinlF 
cated  on  the  map,  will  be  required  here.  About  opposite  the  middle  of 
the  island,  the  crossing,  during  the  latter  part  of  the  season  of  1879. 
was  unusually  shoal.  This  crossing  was  so  improved  by  the  constnic- 
tion  of  a  jetty  that  no  further  work  will  probably  be  required  here-  The 
shore  of  Pine  Island  was  revetted  for  a  distance  of  800  feet.  The  chan- 
nel depth  is  now  not  less  than  5  feet.  The  old  line  of  pihng  below  tltf 
jetty,  shown  by  dotted  black  line,  and  the  hard  bars  surrounding  it  a^ 
in  maintaining  the  flow  of  water  along  the  right  bank.  Previous  to  the 
construction  of  the  jetty  we  affi)rded  some  aid  to  steamers  by  scraping 
a  temporary  channel  at  the  crossing. 

The  channel  is  generally  good  from  this  latter  point,  excepting  ^ 
Island  25,  where  250  feet  of  dam  will  be  required,  to  the  mass  of  islands 
and  minor  channels  above  Areola,  known  as  Image's  Sloagh. 

A  large  portion  of  the  volume  of  discharge  is  diverted  from  the  mm 
river  through  these  small  channels,  and  the  closure  of  a  sufficient  num- 
ber of  them  by  dams,  as  indicated  on  the  map,  will  probably  suffice  for 
this  portion  of  the  river.    Total  length  of  dams  about  400  feet. 

Below  Arcc4a,  and  as  far  down  as  Island  Ko.  32,  the  channel  is  divided 
by  islands.    About  1,375  Unear  feet  of  dams  required. 

Between  Islands  34  and  35  and  the  left  bank  is  what  is  known  as  thf 
Canal,  a  deepening  of  a  secondary  channel  in  1867  by  the  logging  in- 
terests for  the  benefit  of  steamers  when  the  main  river  at  this  point  is 
closed  by  booms  and  rvmiiVxi^  \o^^«  This  canal  is  frequently  used  1^ 
steamers  when  logs  ran  m  ^eaX*  nuTc^aec^,  \\> S&^V<^^sssi<ist^\\ajrTO« ,,  and 
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in  some  parts  quite  shoal.  No  estimate  is  rendered  herewith  for  widen- 
ing or  deepening  this  canal,  as  it  is  the  work  of  private  parties,  although 
opened  by  them  to  the  public.  Ko  particular  contraction  of  the  river 
at  this  point  appears  necessary  at  present.  The  booms  thrown  across 
the  river  from  this  point  for  some  miles  above  and  below  and  the  rua- 
ning  of  logs  have  always  interfered  with  steamboat  traffic  more  or  less; 
but  a  more  judicious  location  of  pockets  for  the  storage  and  assorting 
of  logs  has  been  made  during  the  past  season,  lessening  the  difficulties 
of  navigation  in  a  degree.  A  few  old  cribs,  piles,  ^c,  may  eventually 
requii-e  removal  at  this  locality. 

From  the  foot  of  the  canal  to  Stillwater,  the  channel  is  at  present  a 
good  one.  Just  above  Stillwater  the  main  channel  passes  between  Isl- 
ands 43,  44,  45,  and  the  left  bank,  bordered  by  high  and  firm  bluffs; 
thence  to  the  Stillwater  wharf.  Some  interests  desire  the  closing  of  the 
present  (east)  channel  so  as  to  deepen  the  west  channel,  in  the  hope  of 
deepening  the  water  along  the  Stillwater  front.  As  such  procedure 
would  be  attended  with  doubtful  results,  it  does  not  seem  advisable  to 
go  to  such  expense  so  long  as  a  good  channel  (the  east)  already  exists. 
The  channels  may  of  themselves  change  as  desired  in  the  course  of 
years,  though  there  are  no  indications  at  present  of  such  change.  Some 
few  snags,  &c.,  yet  remain  to  be  removed  from  the  east  channel,  and 
the  gaps  between  Islands  43,  44,  and  45  may  require  closing  by  another 
season.  Some  revetment  will  also,  probably,  be  necessary  to  preserve 
the  islands  which  now  bound  the  east  channel ;  probably  300  linear  feet 
of  dams  and  700  linear  feet  of  revetment. 

Stillwater  is  at  the  head  of  the  Lake  Saint  Croix.  The  lake  is  here 
spanned  by  a  bridge,  with  ponton  draw  nearly  300  feet  in  the  clear. 
The  lake  is  about  23  miles  long,  averaging  a  little  more  than  three-fourths 
of  a  mile  in  width.  Its  depth,  excepting  at  the  bars  to  be  noted  further 
on,  is  from  30  feet  to  50  feet. 

Just  above  Hudson,  and  about  6  miles  below  Stillwater,  the  lake  is 
spanned  by  the  Chicago,  Saint  Paul  and  Minneapolis  line  of  railway 
bridge.  The  approach  to  the  bridge  consists  of  a  long  and  high  em- 
bankment, which  infringes  upon  the  width  of  the  lake  at  least  1,200  feet. 
The  bridge  consists  of  one  span  about  140  feet  in  the  clear  at  low- water, 
and  a  draw  with  spans  of  about  140  feet  each  in  the  clear.  By  reference 
to  the  map  it  will  be  seen  that  the  draw- pier  is  badly  located  with  refer- 
ence to  the  direction  of  current,  and  that,  in  order  to  facilitate  the  pas- 
sage of  the  west  draw^-span  by  rafts  and  steamers,  a  sheer-boom  or  line 
of  piling  should  extend  above  the  draw,  and  nearly  on  the  prolongation 
of  the  axis  of  the  draw-pier,  or  at  least  1,000  feet,  and  some  projecting 
points  of  bar  be  removed.  No  estimate  is  rendered  for  this,  as  it  seems 
work  pertaining  to  the  bridge  company. 

The  railroad  embankment  crosses  a  portion  of  what  is  known  as  Wil- 
low River  Bar,  a  bar  extending  across  the  greater  part  of  the  lake  just 
below  the  bridge,  and  for  more  than  a  mile  down  the  lake  measured 
from  the  draw.  The  main  channel,  after  passing  the  draw,  lies  along 
the  right  bank,  and  is  narrow  and  tortuous.  This  bar  was  no  doubt 
originally  caused  by  contributions  of  material  from  Willow  River, 
brought  down  by  tloo<ls.  Of  late  years  Willow  River  has  been  closed 
by  a  dam  in  oi^er  to  create  water-power,  thus  arresting  its  contributions. 
It  is  thought  that  by  dredging  the  material  between  the  line  A  B  (see 
map)  and  the  right  bank  so  as  to  afford  a  depth  of  4^  feet,  relief  will  be 
experienced  for  a  number  of  years  to  come. 

Material  to  be  removed,  sand,  gravel,  clay,  and  a  few  bowlders. 

Estimate,  :i6,(H)0  yards,  at  30  cents  per  yard ^Vi.^RSRi 
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About  6  miles  below  Hudson  Bridge  is  Catfish  Bar,  making  oQt  in  % 
long  spit  from  the  left  bank.    The  channel  is  narrow,  and  has  sufficient 
depth,  but  when  strong  winds  prevail  its  passage  is  troublesome  to 
steamers,  and  especially  to  rafts.    It  is  thought  that  by  dredging  oat 
the  prism  of  material  bounded  by  the  line  (J  D  on  one  side  and  tbe 
curved  red  line  on  the  other  to  a  depth  of  4J  feet,  sufficient  room  willb^ 
afforded  for  a  number  of  years  to  come.    If  it  is  found  that  BowW 
Creek  contributes  enough  mateiial  to  form  the  bar  again,  a  curved  dike, 
as  iiidicate<l  on  the  map  in  dotted  red,  can  be  established  to  train  tbe 
material  into  deep  water  and  out  of  the  way ;  or  a  position  for  a  dam, or 
other  works,  to  arrest  the  movement  of  the  material,  may  possibly  be 
found  within  the  limits  of  the  creek  itself. 

Material  of  bar,  sand,  gravel,  clay,  bowhlers. 

Quantity  to  be  removed,  20,000  cubic  yards,  at  30  cents  per  yard $6,0* 

About  5.J  miles  below  Catfish  Bar  is  Kinnickinnick  Bar,  doubtlessdne 
to  contributions  of  material  from  the  Kinnickinnick  River,  which  enten 
from  the  left  bank.  The  channel  which  lies  to  the  westward  of  the  bar 
is  500  feet  in  width  and  with  good  depth  throughout.  Unless  this  bar 
increases  in  width  mi>idly,  nothing  will  be  required  at  this  point  in  the 
shape  of  improvement  of  navigation  for  many  years  to  come. 

A  system  of  lights  at  Kinnickinnick,  Catfish,  and  Willow  River  bar& 
as  well  as  at  some  few  other  points  below  Stillwater,  is  earnestly  desirwl 
by  those  w^ho  navigate  the  lake. 

Prescott,  at  the  foot  of  the  lake,  is  6  miles  below  Kinnickinnick  Bar. 
Nothing  seems  to  be  required  here. 

RECAPITULATION  OF  ESTIMATES. 

11, 800  linear  feet  of  dams  and  jetties,  averaging  per  linear  foot  $2.75 ^0 

2,000  linear  feet  of  shore  protection,  at  $4 8.0W 

56,000  cubic  yards  of  dredging,  at  30  cents.. I6,!<* 

Removing  snags,  stumps,  leaning  trees,  old  piers,  &c 3,06* 

The  sum  of  $25,000  can  be  profitably  expended  during  the  fiscal  yeir 
ending  June  30,  1881. 

Brush  of  proper  size  for  the  construction  of  dams  cannot  always  be 
obtained  in  sufficient  quantity  in  the  immediate  vicinity  of  a  work. 

Edgings  from  saw-mills  have  been  used  for  the  base  of  the  revetment 
at  Marine  Bar,  and,  from  the  experience  in  using  them  thus  far,  tb^ 
promise  good  results.  The  edgings  are  about  12  feet  long  and  are  made 
up  into  fascines,  and  from  these,  rafts  or  mat«  are  made  and  sunk  intc 
position. 

As  regards  the  position  of  a  wing-dam,  or  jetty,  with  reference  to  tb* 
current  of  the  stream,  considerable  diversity  of  opinion  exists.  It  vnyM 
seem  that  no  especial  rule  can  be  strictly  followed.  Dams  projected  in* 
direction  normal  to  the  shore  line  being  shortest,  require  less  material 
Dams  inclined  downstream  are  subject  to  scour  along  the  njistreaB 
face,  besides  jirotecting  the  shore  just  below  their  junction  with  it,  It^ 
than  those  do  which  are  inclined  upstream.  Dams  inclined  upstream, 
however,  are  subject  to  scour  along  the  lower  face.  All  thi-ee  types 
must  resist  efteci  of  overfall  and  scour  around  their  heads.  In  the  (%* 
of  a  stream  like  tbe  Saint  Croix,  where  many  millions  of  logs  are  mn 
down,  it  seems  better  to  incline  the  dams  downstream  generaUy,  tf 
such  tend  to  sheer  the  logs  into  the  main  channel  a«  the  water  subsides, 
keeping  the  logs  ftom  ^tiaudiug  upon  them.    There  are  several  notaWe 
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instances  on  this  river  of  the  effect  of  lines  of  piling  inclined  down- 
stream to  support  booms  placed  for  the  purpose  of  guiding  logs  iuto  the 
channel  desired.  A  large  sand-bar  has  almost  invariably  formed  just 
underneath  the  line  of  piles,  forming,  with  the  piles  themselves,  a  com- 
pact iucliiied  jetty.  The  formation  of  a  sand-bar  below  a  Hue  of  piling 
is  not,  however,  a  matter  of  such  certainty  as  to  warrant  the  rejection 
of  permanent  brush  and  stone  W4»rk. 

Appended  is  a  list  of  distances ;  also,  statistics  of  the  river ;  and,  ac- 
<5ompanying,  are  six  tracings,  on  a  scale  of  1  inch  to  400  feet,  showing 
the  stream  from  Taylor's  Falls  to  Prescott;  also,  one  tracing  showing 
cross-sectionsof  dams  and  revetments  constructed  by  the  United  States 
on  the  Saint  Croix  and  Chippewa  riv^ers,  and  which  have  endured  well; 
also,  tracing  showing  effect  of  jetties  with  different  inclinations  taken 
from  a  work  on  the  improvement  of  the  Khine. 
Very  respectfiUly,  your  obedient  servant, 

Chas.  J.  Allen, 

Captain  of  Engineers. 
Brig.  Gen.  H.  G.  Wright, 

Chief  of  Engineers^  U.  8,  A, 


Table  of  distances  on  Saint  Croix  Rivera  commencing  at  Taylor's  Falls  Bridge. 


Island  No. 


1 

2 

8 

4 

5  (Boom) 


7 

8 

9 

10  (Osceola) 

11 

12 

13  (Mile)  ... 

14 

15 


Miles. 


0.7 
1.3 
2.1 
2.5 
5.3 
5.6 
6.0 
6  4 
6.6 
6.7 
7.4 
7.8 
8.0 
9.3 
9.4 


Island  No. 


16 

17 

18 

19 

20 

21 

22  (Pine) 

23 

24 

25 

26 

27 

28 

29 

30 


Miles. 


9.5 
9.9 
10.0 
10. 1 
12.3 
13.9 
15.1 
16.0 
17.0 
19.3 
20.5 
20.8 
21.2 
21.4 
21.7 


31 
32 
33 
34 
35 
36 
37 
38 
39 
40 
41 
42 
43 
44 
45 


Island  No. 


Miles. 


22.3 
22.9 
23.7 
24.5 
24.7 
25.4 
25.6 
25.9 
26.0 


26. 
26. 
26. 
27. 
27. 
27. 


Miles. 

To  Stniwater  Bridge 28.5 

To  HndHon  Bridge 34.5 

To  Catfish  Bar 40.1 

To  KiuDickiDnick  Bar 45.7 

To  Prescott 51.7 

COMMERCIAL  STATISTICS. 

The  Saint  Croix  River  is  in  the  collection  district  of  Minnesota.  The  nearest  port 
of  entry  is  that  of  Duluth,  Minn.,  at  which  port  $7,764.51  of  revenue  was  collected  for 
the  fiscal  j'ear  ending  June  3*',  ld79. 

FREIGHT  AND  PASSENGERS. 


There  were  three  steamhoats  engaged  exclusively  in  the  freight  and  passenger 
"buwiness  during  the  sea.son  of  1879,  and  from  the  statement  it  will  be  seen  that  the 
business  done  was  large,  when  we  take  into  consideration  the  length  of  river  traversed — 
less  than  (50  miles.  Of  the  three  steamboats  engageil,  two  plied  between  Hastings  and 
Taylor's  Falls,  and  commenced  running  on  the  opening  of  navigation  ;  and  the  other 
between  Stillwater  and  Taylor's  Falls,  and  commenced  mnning  abont  August  1. 
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The  figures  below  were  furnished  by  Capt.  John  H.  Reaney,  of  Saint  Paui^  Minn., 
and  Capt.  David  Hays,  of  Osceola  Mills,  Wis.,  under  whose  directions  the  boats  were 
operated. 


Commodities. 


Flonr 

Wheat 

Merchandise,  &o 

Iiime 

Bran  and  feed  . . . 

Barley 

Gate 

Salt 


Total. 


o  t*  *« 

c  a 
«-  •       « 

^•«    i 

6  3©  g 


7. 490,  000 

17, 244,  000 

9,  343, 400 

&68,800 

87,500 


o  ^  Q 

^    —   ^»  y 


90,000 


35, 123, 700 


810,000 
8,  207,  8»5 
2,4Jie.000 
1.  074, 300 


60.000 
24,500 


B  C-3 


8,9M,M 
25, 451,  (S 
11.83144 

l,M3,lil 

ttilH 

24,  a» 


J 


12,683,295       47,78^» 


Passengers  carried  up  and  down  stream,  number,  9,244. 


LOOS,   LUMBER,   RilFTINO,  AXD  TOWINO,   SKA80N  OF   lb79. 

Logs. — About  202,000,000  feet  of  loss  passed  through  the  Saint  Croix  boom  dniin^ 
the  season,  which,  at  an  estimated  value  of  $d  per  thousand  feet,  would  represent  tk 
sum  of  $1,61H,000.     At  the  boom  about  300  men  were  employed  for  100  days. 

Lumber. — There  are  ten  large  saw -mills  on  the  Saint  Croix  River,  seven  of  which  nt 
located  at  and  around  Stillwater,  the  head  of  Lake  Saint  Croix,  and  engaged  in  tk 
manufacture  of  lumber.    These  seven  mills  cut  during  the  season : 

Lumber feet..     83,727.S3I 

Shingles 40,238,00 

Lath 27,eOO,(tt 

The  estimated  value  of  these  products  is  about  $1,170,000.  Expense  attached  li 
manufacturing  the  above,  |200,000.  The  other  three  mills  ai-e  located  at  F^iuioonk, 
Marine,  and  Glen  more.  The  amount  of  their  business  has  not  been  obtained,  btf 
8,000,000  feet  would  be  a  low  estimate  of  the  amount  of  lumber  manufactured. 

Rafting, — This  branch  of  business  requires  a  large  force  of  men,  carried  on,  howefs; 
during  only  a  portion  of  the  season.  The  amount  of  lumber  rafbed  foots  np  102,000,06i 
feet. 

Tawing. — There  were  twelve  steamboats  engaged  in  the  towing  of  lumber  and  logs 
to  various  points  during  the  season.    The  amount  towed  was  117,000,000  feet. 
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IMPBOVEMENT    OF    TENNESSEE    AND    CUMBERLAND    BIYEBS    AND    OF 
BIVEES  IN  EASTERN  TENNESSEE  AND  GEORGIA. 


report  of  major  william  r.  king,  corps  of  engineers,  officer 
in  charge,  for  the  fiscal  year  ending  june  3u,  1880,  with 
other  documents  relating  to  the  works. 

United  States  Engineer  Office, 

Chattanooga,  Tenn.,  July  28, 1880. 

General:  I  have  the  honor  to  submit  auDual  reports  on  the  works 
under  my  charge  for  the  fiscal  year  ending  June  30,  1880. 
Very  respectfully,  your  obedient  servant, 

W.  E.  King, 
Major  of  Engineers. 
Chief  of  Engineers,  U.  S.  A. 


V  I. 

improvement  of  Tennessee  river. 

I. — above  CHATTANOOGA. 

This  section  of  the  river  extends  from  Chattanooga  t6  Knoxville,  a 
distance  of  189  miles  by  water,  and  the  improvement  required,  and  which 
has  been  in  progress  nine  years,  consists  in  excavating  rock  reefs  and 
gravel  bars  from  the  channel  and  narrowing  the  channel  at  shoal  places 
by  stone  wing-dams,  thus  giving  increased  depth  and  securing  a  navi- 
gable channel  for  steamboats  of  3  feet  draught  at  all  seasons  of  the  year. 

There  are  in  all  twenty-nine  obstructions  (reported  as  such  by  steam- 
boat men)  on  tliis  i)ortion  of  the  river,  twenty  of  which  have  been  either 
entirely  removed  or  so  far  improved  as  to  be  of  secondary  importance, 
and  nine  remain  to  be  completed. 

The  last  appropriation  for  this  section  of  the  river  was  all  ex[)ended 
on  Chota  and  Coulter's  Shoals,  the  former  of  which  ha«  heretofore  been 
the  most  serious  obstruction  between  Knoxville  and  Loudon.  The  fol- 
lowing are  the  quantities  of  work  done : 

Rock  excavated  from  cbaiinel culiio  yarfls . .  15 

Gra  vel  cxca vatwl  from  chaunel do 53 

Drift  r«*inoved  from  channel coitls . .  35 

Rock  quarried  for  daiuH cubic  yards . .  4, 374 

Rock  placed  in  damn do 5, 182 

The  work  is  done  in  the  most  substantial  and  economical  manner,  but 
owing  to  the  small  amount  of  the  annual  appropriations,  which  do  not 
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admit  of  a  full  season's  work,  it  will  probably  cost  more  than  the  origi- 
nal estimates,  which  contemi)lated  that  work  would  be  carried  on  con- 
tinuously during  the  low-water  season,  when  it  could  be  done  to  the 
best  advantage. 

As  heretofore,  the  work  has  been  done  by  hired  labor.  The  contract 
system  has  been  thoroughly  tested  on  this  improvement  and  proved  m 
utter  failure,  as  I  believe  it  has  been  and  always  will  be  on  all  similar 
works. 

The  working  season  of  1879  commenced  on  the  14tb  day  of  Au^st, 
and  ended  on  the  18th  day  of  December,  when  it  was  interrupted  by 
high-water,  an  average  force  of  eighty-five  men  being  employed  during 
that  period. 

The  appropriation  for  1880  not  being  available  before  the  end  of  the 
fiscal  year,  and  there  being  only  a  small  balance  of  the  former  appropria- 
tion on  hand,  the  work  has  not  been  resumed  this  season,  but  it  is  hoped 
that  we  may  still  be  able  to  put  on  a  force  in  time  to  accomplish  consid 
erable  work  before  the  end  of  the  low-water  season. 

The  appropriation  of  June  14,  1880,  will  probably  be  sufificient  to  com- 
plete all  that  it  is  necessary  to  do  at  Chota,  Coulter's,  and  one  or  two  othe 
shoals  between  Knoxville  and  Loudon,  and  make  some  repairs  at  Half 
Moon  Island  and  a  few  other  points  where  the  floods  have  caused  soine 
damage  to  the  dams. 

As  stated  in  former  reports,  the  improvements  are  not  only  remarka- 
bly successful  in  accomplishing  the  object  in  view,  but  from  the  excej^ 
tionally  permanent  nature  of  the  river  bed  and  fro  n  the  fact  that  the 
dams  are  made  almost  entirely  of  stone,  the  work  will  last  for  many  years 
with  but  slight  expense  for  repairs. 

The  estimate  for  next  year  is  for  continuing  the  improvement  of  the 
river  below  Knoxville,  where  there  are  a  number  of  shoals  that  have 
not  been  worked  on,  but  which  must  be  improved  in  order  that  the  in- 
creased dei)th  of  channel  already  provided  at  most  of  the  shoals  can  be 
fully  utilized. 

The  river-gauge  established  at  Chattanooga  in  1874  is  now  read  by 
the  signal  observer  at  this  place,  Mr.  B.  L.  Goulding,  who  furnishes  a 
copy  of  the  record  for  this  office,  and  while  parties  are  working  in  the 
river  at  Muscle  Shoals  he  sends  a  daily  report  to  each  assistant  enp- 
neer,  which  is  valuable  in  warning  them  of  sudden  rises. 

By  taking  an  average  of  the  daily  records  for  the  last  six  years,  itL^ 
found  that  there  are  in  each  year — 

About.  100  days  when  tl\o  river  i8  above  8  feet. 
About  15«>  days  when  the  river  is  above  1)  feet. 
About  *220  days  when  the  river  i«  above  4  feet. 
About  325  days  when  the  river  is  above  2  feet. 

In  other  words,  the  last  figures  given  show  that  there  are  only  forty 
days  in  a  year  when  the  river  is  within  2  feet  of  low-water  mark.  Thei^ 
are  only  ninety-five  days  in  a  year  when  it  falls  below  3  feet.  The  period 
of  highest  water  is  in  March  and  of  lowest  in  October.  Some  of  oar 
principal  northern  water  routes  are  absolutely  closed  by  ice  for  a  mnch 
longer  period  than  the  Tennessee  River  is  below  3  feet  ax  Chattanoo^ 
The  Erie  Canal,  for  example,  in  an  average  of  twenty -four  years,  was 
closed  one  hundred  and  forty-six  days  annually,  or  almost  exactly  the 
number  of  days  that  the  Tennessee  is  below  4  feet.  This  shows  not  onlj 
the  great  advantages  of  this  river  for  purposes  of  navigation,  but  the 
comparatively  short  time  available  for  channel  work. 
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The  araouut  of  commerce  on  the  river  during  the  year  is  indicated  by 
the  following  figures  relating  to  the  landing  at  Chattanooga  : 

Number  of  Hteamboats  runniDg 8to9 

Number  of  laiidiugH  made  at  Chattanooga 553  ^ 

Number  of  flat-boatn 308 

Pig-irou tons..  2, 540 

Iron  ore tons . .  17, 677 

Coal bushels..  l,00l,H72 

LiiiieHtoiiP toDH . .  10,  r»42 

L<umber,  including  poplar,  pine,  gnm,  oak,  and  walnnt feet..  6, (K>0, 000 

Grain bunhelH..  592,500 

Cotton bales..  990 

The  entiniate  for  improving  this  portion  of  the  river  was  |225,000,  of  which  have 
been  appropriated  $^0 1,500  and  expended  ^I91,25i^.71. 

Money  statement. 

July  1,  1^79,  amount  available $11,508  23 

Amount  a}ipropriated  by  act  approved  June  14,  1880 10, 000  00 

$21, 508  23 

July  1,  1880,  amount  expended  during  fiscal  year 11, 2tJ6  94 

July  1, 1880,  outstanding  liabilities 241  29 

11,508  23 


Jnly  1,  1880,  amount  available 10,OoO  00 


Amount  (estimated)  required  for  completion  of  existing  project 23, 500  00 

Amount  that  can  be  prorttably  expended  in  fiscal  year  ending  June  30, 1882.     23, 500  00 

II. — BELOW  CHATTANOOGA. 

At  the  beginning  of  the  fiscal  year  this  work  had  reached  a  point 
where  the  vexatious  delays  of  contractors  had  nearly  ceased  to  hamper 
it,  and  it  was,  for  the  first  time,  making  really  satisfactory  progress, 
with  a  fair  prospect  of  being  speedily  completed.  A  heavy  and  unex- 
pected reduction  of  the  av^ailable  funds,  howev^er,  made  it  necessary  to 
begin  immediate  retrenchment  of  the  monthly  expenditures,  which  were 
gradually  reduced  until  the  1st  of  January,  when  the  working  fonie  had 
been  reduced  about  two-thirds  and  failing  to  get  the  special  appropriation 
asked  for  to  contituie  the  work,  the  force  was  still  further  cut  down,  until 
on  the  1st  of  May  it  had  been  reduced  from  1,872  to  107  laborers  and 
mechanics.  It  is  unnecessary  to  dwell  upou  the  serious  injury  to  the 
work  resulting  from  the  disbandinent  of  so  large  a  force  of  skilled 
laborers,  many  of  whom  had  come  hundreds  of  miles  to  secure  employ- 
ment, and  all  had  become  more  or  less  adapted  to  the  special  work  be- 
fore them.  Nevertheless,  the  season  was  a  favorable  one,  and  a  con- 
siderable amount  of  valuable  work  was  accomplished,  as  will  appear 
from  the  following  details: 

1. — ^ELK  RIVER  DIVISION. 

The  channel  excavation  opposite  Brown's  Island  was  continued  until 
the  21st  of  October,  when  the  small  remaining  force  was  removed  to 
the  quarries  at  and  below  Milton's  Bluff,  where  it  was  employed  in 
quarrying  stone  and  completing  and  extending  the  retaining  dam  around 
Milton's  Bluff,  and  eastwa.l  towards  the  lower  end  of  Brown's  Island. 

11/246  cubic  yards  of  rock  ^-      e  blasted  and  removinl  from  channel. 
4,51G  cubic  yards  of  rock        irried. 
7,761)  cubic  yards  of  rock      it  iu  dams. 

2,342  cubic  yards  of  eart      .vere  stripped  from  the  quarries  and  placed  in  the  dams 
at  such  points  as  an  eart      a  filling  was  required. 
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The  dams  were  sabstantially  built,  and  have  safely  withstood  tke 
heavy  floods  of  the  last  winter. 

A  suitable  quarry  for  dimension  stones  for  the  locks  was  hunted  up 
and  opened  so  far  as  to  demonstrate  that  the  stone  was  of  an  excellent 
quality,  both  as  to  durability  and  ease  of  quarrying  and  cutting. 

It  is  hoped  that  the  present  season's  work  will  complete  the  channel 
excavation  and  so  far  extend  the  permanent  dam  that  the  temporary 
dam  can  be  removed,  and  the  first  5  miles  of  this  shoal  will  become 
navigable,  so  that  all  our  supplies  may  be  boated  down  to  the  first  led 
below  Milton's  Bluff. 

2. — BLITE   WATER  AND   SHOAL  GREEK  DITISIONg. 

These  divisions  embrace  all  of  the  old  canal  around  Big  Masde 
Shoals,  which  canal  is  being  enlarged  and  rebuilt. 

As  explained  in  former  reports,  this  old  canal  was  built  nearly  fifty 
years  ago  by  the  State  of  Alabama,  from  the  proceeds  of  the  sale  d 
400,000  acres  of  land  donated  for  that  purpose  by  the  general  govern- 
ment. The  canal  was  never  completed  according  to  the  x>1ads  devised 
by  the  board  of  public  works,  and  owing  to  certain  radical  defects  of 
construction  in  the  canal  itself,  as  well  as  the  neglect  to  extend  the 
improvement  around  the  entire  obstruction,  the  canal  was  navigable 
only  at  high- water  stages  of  the  river,  and  soon  fell  into  disuse  and 
decay. 

The  new  canal  will  be  from  70  to  120  feet  wide,  with  6  feet  of  water, 
and  will  pass  boats  60  feet  wide,  300  feet  long,  and  drawing  5  feet  of 
water. 

The  following  work  was' done  during  the  fiscal  year  by  hired  labor: 

8,717  cubic  yards  of  stooe  quarried. 
5,*2y7  cubic  yards  of  stone  cut  for  locks,  &c. 
455.3  cubic  yards  of  cut-stoue  masonry  laid. 
259  cubic  yards  of  rock-face  masonry  laid. 
1,997.7  culiic  yards  of  rubble  masonry  laid. 
38,639  cubic  yards  of  earth  embankment. 
32.296  cubic  yards  of  earth  excavation. 
5,078  cubic  yards  of  solid  rock  excavation. 
1,C*.W  cubic  yards  of  old  masonry  removed. 
I,:i5r)  cubic  yards  of  protection  dams  built. 
3,614  cubic  yards  of  riprap  biiilt. 
4.670  cubic  yards  stripping,  &c.,  at  quarries. 
192  cords  of  wood  cut. 

The  contractol*,  Mr.  S.  N.  Kimball,  after  obtaining  a  modification  of 
his  contract  (May  12,  1879,  as  stated  in  last  report)  releasing  him  from 
building  2  of  the  5  locks  he  had  agreed  to  build,  and  again  extending 
the  time  for  the  completion  of  the  others,  transferred  his  interest  to 
other  parties  (in  violation  of  the  contract  and  law),  and  left  the  worL 
Mr.  J.  A.  Henry,  w  ho  claimed  to  have  the  work  by  subcontract,  did 
some  little  work,  but  on  the  expiration  of  the  extended  contract  time, 
there  being  no  prospect  tliat  the  work  would  I  e  completed  in  any  re^ison- 
able  time,  the  contract  was,  on  my  recommendation,  annulled  by  the 
Secretary  of  War. 

The  following  work  was  done  under  this  contract  during  the  fiscal 
year: 

17.2  cubic  vards  of  cut-stone  ma«ourv  laid. 

110.2  culnc  yards  of  rock-face  nia^oury  laid. 

819.9  cubic  yards  of  rubble  uiasonry  laid. 

1,510.8')  cubic  yardH  of  solid  rock  excavation. 

1,857  cubic  yards  of  hard-pan  and  loose  rock  excavation. 

884 i  cubic  yards  of  eartli  ^iYLca\'aV\o\x. 

804  cubic  yards  of  maftowxy  oi  oVWocAt^  T^^mw^. 
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3. — ^LITTLE  MUSCLE  SHOALS  DIVISION. 

The  series  of  cofter-dains  referred  to  in  last  report  was  extended 
nearly  1,800  feet  and  by  tbis  method  the  blasting  and  removal  of  rock 
from  the  channel  at  the  head  of  the  shoals  was  continued,  with  excellent 
results,  until  the  8th  of  December,  when  a  sudden  rise  in  the  river  put  a 
stop  to  the  season's  work,  just  as  the  excavation  in  the  area  covered  by 
the  last  coffer-dam  was  well  under  way. 

The  following  quantities  of  work  were  performed  during  the  year : 

400  cubic  yards  of  rock  quarrie<l. 

1,799  cubic  yards  of  rock  put  in  dams. 

1,864  cubic  yards  material  put  in  coifer-dams. 

14,446  cubic  yards  of  solid  rock  excavated  from  channel. 

417  cubic  yards  of  bowlders  removed  from  channel. 

This  work  is  not  only  done  rapidly  and  cheaply,  but  thoroughly,  the 
bottom  of  the  excavated  channel  being  made  so  smooth  that  it  will  not 
be  likely  to  silt  up,  and  there  is  no  danger  of  a  vessel  striking  project- 
ing points,  even  if  drawing  too  much  water. 

At  this  time,  July  12,  1880,  Mr.  Willard,  the  assistant  engineer  in 
charge  of  this  work,  has  just  succeeded  in  repairing  the  last  cx)ffer-dam, 
which  was  considerably  damaged  by  the  winter's  floods,  and  he  is  re- 
moving the  rock  at  such  a  rate  as  to  make  it  morally  certain  that  the 
entire  channel  from  Florence  to  Baiubridge  will  be  open  within  six  weeks, 
thus  giving  water  transportation  np  to  the  lower  end  of  the  canal.  This 
will  greatly  facilitate  the  work,  as  the  canal  has  hitherto  been  accessible, 
s,t  ordinary  stages  of  the  water,  only  by  hauling  supplies  about  6  miles 
over  a  very  bad  road. 

The  present  condition  of  the  work  may  be  summarized  as  follows : 

1st.  There  has  been  completed  about  three-fourths  of  the  entire  canal 
trunk,  including  that  required  on  Elk  River  division. 

2d.  Over  one-half  of  the  lock  and  aqueduct  masoni'y  is  completed. 
The  lock-gates,  wickets,  waste-weirs,  and  aqueduct  trunk  have  not  been 
eommenc^. 

3d.  The  rock  excavation  and  stone  dams  at  Elk  River  are  about 
half  done,  while  those  at  Little  Muscle  Shoals  will  be  so  far  completed 
as  to  admit  the  passage  of  boats  before  the  1st  of  {September. 

With  reference  to  cost,  the  work  will  be  two-thirds  (completed  when 
the  available  funds  are  expended. 

The  entire  expenditure  properly  chargeable  to  this  part  of  the  Muscle 
Shoals  improvement  has  been  $1,428,358,  and  from  a  carefully  revised 
estimate,  1  am  satisfied  that  with  $700,000,  in  addition  to  the  balance 
now  on  hand,  the  entire  Muscle  Sboals  obstruction  can  be  removed. 
This  is  far  within  the  original  estimate,  and  can  only  be  realized  by  such 
annual  appropriations  as  will  enable  the  work  to  be  prosecuted  economi- 
cally. 

At  Colbert  Shoals,  Duck  River  Shoals,  and  other  points  below  Florence 
no  work  has  been  done,  owing  to  the  fact  that  the  funds  were  so  low 
and  the  condition  of  the  work  such  as  to  prevent  the  organization  of 
special  parties  for  these  works,  or  the  detachment  of  any  part  of  the 
force  at  Little  Muscle  Shoals. 

Efforts  were  made,  as  yet  without  success,  to  obtain  information 
from  the  oflBcers  of  customs  at  the  nearest  port  of  delivery  (Paducah) ; 
therefore,  statistics  bearing  upon  the  commerce  and  navigation  of  the 
Lower  Tennessee  are  meager.  Undoubtedly  there  is  considenible  river 
trade.  Three  steamboats  ply  to  and  from  Florence,  Ala.,  during  the 
winter  and  spring,  and  one  the  rest  of  the  year.    In  1879,  2,800  b^l<&%  ^1 


' 
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July  1,  1879,  amount  available 8298,312  04 

Amount  api>ropriated  by  act  approved  June  14,  1880 300, 000  00 

^98,315 

July  1,  1880,  amount  expended  during  fiscal  year 273, 073  60 

July  1,  1880,  outstanding  liabilities 14, 190  20 

287,26: 

July  1,  1880,  amount  available 311,0* 

Amount  (estimated)  reouired  for  completion  of  existing  project 2, 287, 50 

Amount  that  can  be  profitably  expended  in  fiscal  year  ending  June  30, 1882 .       700, 00 


i  V    2. 

l! 

I  .  IMPROVEMENT  OF  CUMBERLAND  RIVER. 


During:  the  fiscal  year  work  was  continued  at  various  obstractic 
below  and  above  Na.shville,  when  the  stJige  of  watt^r  and  amoun 
avaihible  funds  permitted. 

I. — BELOW  NASHVILLE. 

VV^ork  on  this  section  projjressed  till  the  middle  of  Deceralier  a 
was  then  discontinued  by  reason  of  high-water  and  inclement  weatb 
Early  in  May  work  was  resumed  and  continued  without  interruption 

The  amount  of  work  done  during  the  fiscal  year,  and  the  present  o 
dition  of  the  proposed  improvements,  as  reported  by  Capt.  L.  C.  Ov 
man.  United  States  Engineers,  the  ofticers  in  immediate  charge  of  1 
work,  are  as  follows  ; 

1. — Harpeth  Shoals :  sevmeighths  finished. 
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3. — Dover  Shoals :  seven-eighths  finished. 

5,165  cnbic  yards  of  gravel  taken  from  channel. 

9  snags  taken  from  channel. 
2,035  cubic  yards  of  rock  quarried. 
5,821)  cubic  yards  of  dams  built. 

At  certain  points  the  banks  were  protected  by  riprap,  built  of  ston^ 
picked  up  along  shore. 

4. — Ingram  Shoals :  five-eighths  finished. 

30  cubic  yards  of  rock  rt^moved  from  channel. 

90  cubic  yards  of  gravel  removed  from  channel. 

38  snags  removed  from  chauuel. 
4,957  cubic  yards  of  rock  quarried. 
7,939  cubic  yards  of  dams  built. 

5. — Ea^ie  Track  Shoals :  thre^-eighths  finished. 

73  snags  removed  from  channel. 
2,974  cnbic  yards  of  rock  quarried. 

6. — Little  River  Shoals :  five-eighths  finished. 

3  snags  removed  fr»m  channel. 
3,335  cubic  yards  of  rock  quarried. 
4,290  cubic  yards  of  dams  built. 

A  derrick-boat,  with  a  small  working  force,  was  employed  for  a  few 
days  in  June  removing  obstructions  from  the  channel  in  the  vicinity  of 
Canton  and  Eaee  Track  Reefs,  taking  out  56  snags,  88  cubic  yards  of 
rock,  and  cutting  down  34  overhanging  trees. 

The  appropriation  of  $20,000,  act  of  1880,  and  the  estimate  herewith 
for  1882,  are  needed  for  the  continuance  or  completion  of  the  improve- 
ments above  named. 

An  increase  of  about  4  inches  in  the  minimum  depth  of  water  has 
been  gained  at  extreme  low-water  below  Nashville  by  these  untiuished 
improvements. 

The  original  estimate  of  cost  of  improving  Cumberland  River  below  Nashville  wa8 

1248,821. 

Total  amount  appropriated $205,000  00 

Total  amount  expended 178, 270  81 

Money  statement. 

July  1,  1879,  amount  available $42,255  Ui 

Amount  appropriated  l>y  act  approved  June  14,  1^-80  20, 000  00 

$62, 255  16 

July  1,  IRSO,  amount  expc^nded  during  fiscal  year 35, 525  97 

July  1,  1880,  outstanding  liabilities 2, 7(i8  08 

38, 294  05 

July  1,  1880,  amount  available 2:5,961  11 

Amount  (estimated)  required  for  completion  of  existiug  project 43, 821  00 

Amount  that  can  be  profitably  expended  in  fiscal  year  eudiug  June  30, 1882.     43, 821  00 

n. — ABOVE  NASHVILLE. 

SECTION   NASHVILLE  TO  KENTUCKY   LINE. 

Work  on  this  section  was  continued  from  July  1  to  March  1,  when  ac- 
tive operations  were  suspended  in  consequence  of  ftooA^. 
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On  the  15th  of  Jnne  work  was  resumed  at  Simpson's  Island  Shoals, b; 
clearing  the  channel  of  the  heavy  drift  accumulated  during  the  winter. 

The  amount  of  work  done,  and  the  present  condition  of  the  propose 
improvements,  as  reported  by  Captain  Overman,  are  as  follows : 

1. — Bartletfs  Bar:  three-fourths  finished. 

256  cubic  yards  gravel  taken  from  channel. 
150  cubic  yanU  dams  built. 

2. — Sand  Shoals :  seven-tentJis  finished. 

701  cubic  yards  Ttnik.  take  from  channel. 
305  cubic  yards  gravd  taken  from  channel. 
4  sna^  taken  from  channel. 
1,007  cubic  yards  dams  built. 

3. — Indian  Creek  Shoals :  seven-tenths  finished. 

284  cubic  yards  rock  taken  from  channel. 

905  cubic  yards  gravel  taken  from  channel. 
4  sua^s  taken  from  channel. 
1,252  cubic  yards  rock  quarried. 
1,370  cubic  yards  dams  built. 

4. — Holliman^s  Island  Shoals:  seven-eighths  finished. 

695  cubic  yards  gravel  taken  from  channel. 
2  snags  taken  from  channel. 
1,500  cubic  yards  of  rock  quarried. 
1,608  cubic  yards  dams  built. 

5. — Cub  Creek  Shoals:  seven-eighths  finished, 

2,565  cubic  yai'ds  gravel  taken  from  channel. 
15  sna^s  taken  from  channel. 
470  cubic  yards  rock  quarried. 
1,925  cubic  yards  cams  built. 

6. — Simpson^s  Island  Shoals :  four -fifths  finished. 

2,256  cubic  yards  gravel  taken  from  channel. 

74  sna^s  taken  from  channel. 
1,101  cubic  yards  rock  quarried. 
If032  cubic  yards  dams  built. 

A  derrick-boat,  employed  a  short  time  on  this  section,  removed  fr 
the  channel  at  isolateii  points  5i)3  snags,  logs,  and  overhanging  trees 

The  appropriation  of  1880,  for  this  section,  together  with  that  asl 
for  herein,  will  be  applied  to  continuing  the  work  at  the  above-nair 
shoals,  and  beginning  the  improvement  of  Goose  Creek  Shoaln,  Dona 
son's  Horse  Ford,  snagging  and  dredging  the  channel,  &c.,  where  m< 
needed. 

Money  statement. 

July  1,  1879,  amount  availfible $21,664  07 

Amount  appropriated  by  act  approved  June  14,  lt?80    15, 000  00 

$36,664 

July  1,  1880,  amount  expended  during  fiscal  year 17, 523  03 

July  1,  1880,  outstanding  liabilities 467  12 

17,990 


July  1,  1880,  amount  available 18. 67 .i 


Amount  (estimate)  required  for  completion  of  existing  project 54, 155 

A  moun t  th at  can  be  pro^tabV^  fty.peTvA.ed  \tv  ^^cal  year  ending  J  une  30, 1882 .     54, 155 
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SECTION  KENTUCKY  LINE  TO   SMITH'S  SHOALS. 

The  only  work  done  upon  this  section  during  the  fiscal  year  was  by 
means  of  a  snag-boat,  which  worked  through  the  entire  section,  and  re- 
moved 50  cubic  yards  of  bowlders,  and  1,190  snags,  logs,  and  overhang- 
ing trees. 

This  section  extends  to  the  head  of  steamboat  navigation.  The  funds 
now  available,  together  with  the  estimate  herein,  should  be  applied  to 
the  improving  of  Wolf  Creek  Shoals  and  Wild  Goose  Shoals,  and  the 
snagging  and  dredging  of  the  channel.  The  former  is  three-fourths  anil 
the  latter  is  one-fourth  finished. 

Money  statement. 

July  1,  1879,  amount  available |6,003  49 

Amount  appropriated  by  act  approved  June  14,  1880 10, 000  00 

$16, 003  49 

July  1,  1880,  amount  expended  during  fiscal  year 1, 774  50 

July  1,  1880,  amount  available 14,228  99 

Amount  (estimated)  required  for  completion  of  existing  project 57, 609  00 

Amouut  that  can  be  profitably  expended  in  fiscal  year  ending  June  30, 1882 .     57, 609  00 

SBCnoN  smith's  shoals,  three-fourths  finished. 

Work  wa8  carried  on  during  the  fiscal  year  on  this  section  for  about 
four  and  a  half  months,  from  July  to  November,  when  the  work  was 
stopped  for  want  of  funds. 

The  Smith's  Shoals  obstructions,  especially  that  part  known  as  Long 
Shoals,  has  been  found  more  formidable  than  was  anticipated,  and  may 
require  some  change  of  plan  to  overcome  the  difiiculties  encountered. 

While  at  low-water  a  person  may  walk  about  these  shoals  dry  shod, 
it  is  found  that  during  the  flood  stages  the  stream  becomes  a  torrent  of 
such  force  as  to  pick  up  large  stones  and  roll  them  along  as  a  small 
stream  does  pebbles.  The  dams  built  to  narrow  the  channel  have,  from 
this  cause,  been  seriously  damaged,  and  it  is  found  that  great  care  must 
be  taken  in  locating  the  dams  to  avoid  dangerous  waves  being  formed, 
which  swamp  boat«  and  neutralize  the  benefit  of  the  additional  depth 
of  water  gained  by  them.  All  the  work  done  in  smoothing  the  bottom 
of  the  channel  is  without  question  advantageous,  and  the  dams  can 
doubtless  be  made  so  by  certain  modifications  suggested  by  past  ex- 
I)erience.  A  careful  examination  of  the  dams  is  now  being  made,  with 
a  view  to  ascertaining  the  exact  cause  and  extent  of  damage  done  by 
last  winter's  flood,  and  the  best  means  of  overcoming  the  difiiculties 
encountered. 

At  the  four  shoals  forming  this  obstruction,  the  following  work  was 
done  during  the  fiscal  year : 

10, 522  cubic  yards  solid  rock  excavated  from  channel. 
5, 130  cubic  yards  loose  rock  and  gravel  excavated  from  channel. 
4, 403  cubic  yanls  rock  quarried. 
11,993  cubic  yards  dams  built. 

610  cubic  yards  masonry  in  cement,  t>o  form  a  false  bottom  to  lengthen  slope. 
492  cubic  yanls  concrete  (surfacing). 

Money  statement. 

July  1,  1879,  amount  available ^ 122,443  03 

Amouut  appropriated  by  act  approved  June  14,  1880 20, 000  00 

$42, 443  03 

July  1,  1880,  amount  expended  during  fiscal  year 22, 096  38 

July  1,  1880,  outatanding  liabilities 31  00 

22, 127  38 

July  1,  1880,  amount  available ^.'XV^^ 


«iui>   1,  lo^;?,  auiuuub  avauuuie #oid 

July  1,  1880,  amuiiDt  expended  during  fiscal  year 372 

The  dams  and  rock  excavation  are  of  a  permanent  nature,  but  it  y 
require  a  small  annual  expenditure  beyond  tbe  estimates  for  repairs  j 
for  removing  snags  and  excavation  of  p:ravel,  &c.,  from  bars. 

Capt.  L.  0.  Overman  reports  in  reganl  to  statistics  of  commerces 
navigation  as  follows : 

Accurate  statistics  regarding  the  commerce  of  the  Cumberland  River  are  difiBcul 
obtain,  being  meager  and  irregular. 

There  are  in  all  about  sixteen  steamers  engaged  in  commerce  on  the  Cnmberl 
River,  averaging  al>out  300  tons  each.     The«e  steamers  run  between  Nashville,  Te 
and  the  various  cities  and  towns  on  the  Cumberland,  TennesMee,  MissiBHipui,  and  ( 
Rivers  and  their  tributaries.     During  high-water  ihe  smaller  of  thene  steamers 
■ascend  the  Caney  Fork  and  Obey's  River  branches  of  the  Cumberland  River. 

The  total  of  products  brought  to  and  from  Nashville  an n nail v  is  about  as  folio 

TobHcco,  §1,500,000:  cotton,  $:)00,000;   iron  trade,  |l,t)00.0OO;  corn,  fl,2r>0,000;  1 

ber.  |;800,000 ;  coal,  $100,000;  wheat,  |60,000;  oat«,  |70,000;  salt,   $75,000;  suudi 

1500,000. 

(•  The  entire  valley  of  the  Cumberland  River  will  be  largely  benefited  by  the  impn 

i  ment  of  the  river,  as  railroads  cross  the  river  at  but  few  points,  and  as  a  rule  are 

'  distant  from  the  immediate  lands  along  the  river  to  render  transx>ortation  cheap.    ' 

coal  of  the  upper  river  and  the  iron  of  the  lower  river  depend  almost  entirely  u; 

the  river  for  a  means  of  getting  to  market,  and  with  the  impnjivemeut  of  the  rivi 

eorresponding  improvement  in  the  trade  in  these  articles  will  follow.     The  lum 

trarle  is  increasing  rapidly  each  year. 

This  work  is  in  the  collection  district  of  New  Orleans. 

The  estimate  of  cost  of  improving  the  Cumberland  River,  above  Nashville,  i 
1283,764. 

The  whole  amount  appropriated  for  and  expended  on  the  sections  specitied  is  as 
lows : 


Nwshville  to  Kentucky  lin«     

Kentucky  line  to  Smith's  Shoals 

Smith's  Shoals 

Smith's  Shoals  to  Falls  of  the  Cnmberland. 


Appropriated.  ;  Expend 


$68,  000  00  $48,  »rM 

34,  (KM)  00  ,       19,  7T; 

90,  000  00  '       09.  tfS: 

4,000  00  4,901 
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The  appropriation  being  a  small  one,  only  $3,000,  it  was  so  nearly 
exhausted  that  it  became  necessary  to  suspend  operations  in  October, 
^hen  the  boats  and  tools  were  laid  up  under  charge  of  watchmen,  and 
BO  remained  at  the  end  of  the  fiscal  year. 

The  following  quantities  of  work  were  done  during  the  season : 

£artb  frtripping  from  quarries  .  .• 213  cubic  yards. 

JSock  quarried 581  cubic  yards. 

Kock  blasted  from  cbannel 98  cubic  vards. 

Kock  placed  iu  damn  aud  riprap 6f)6  cubic  yards. 

Oravel  excavated  from  cbannel 59  cubic  yards. 

Brush  placed  in  dams 42  cords. 

The  work  has  been  carried  on  by  hired  labor. 

The  improvement  of  this  river  was  begun  in  1877,  and  consists  in 
«ecuring  iulditional  depth  of  channel  at  shoal  places  by  excavation  and 
by  narrowing  the  waterway. 

The  original  examination  and  project  for  this  improvement  ^  as  made 
in  1874,  and  the  estimate  of  cost  then  made  was  $20,000. 

As  stated  in  my  last  annual  report,  this  amount  will  not  be  sufficient 
by  at  least  $10,(K>0  to  complete  the  work  as  far  as  Savannah  Ford,  for 
the  reasons  that  the  work  is  being  done  in  the  most  thorough  and  sub- 
stantial manner,  and  that  some  of  the  rock  excavation  proves  to  be  ex- 
ceptionally difficult. 

The  work  is  now  essentially  completed  as  far  up  as  Charleston,  and 
the  present  a|)propriation  (1880)  and  ihat  asked  for  in  the  estimate  here- 
with are  needed  for  extending  the  improvement  above  Charleston  towards 
Savannah  Ford. 

The  navigation  of  this  river  has  been  greatly  improved  by  the  work 
already  done,  and  the  amount  of  commerce  has  been  correspondingly 
increased. 

£Rtimates  for  improving  Hiawassee  River $30,000  00 

Amount  appropriated 26, 000  00 

Amount  expended 22.966  80 


/ 


Money  statement 


July  1,  1^79,  amount  available $3,035  92 

Amount  appropriated  by  act  approved  June  14,  1880 3, 000  00 

$6, 035  92 

July  1, 1880,  amount  expended!  during  tiHcal  year 3,002  72 

July  1, 18ti0, outstanding  liabilitietj '.  33  20 

3, 035  92 

July  1, 1880,  amount  available 3,000  00 

Amount  (estimated)  required  for  completion  of  existing  project 4,  l»liO  00 

Amount  tbat  can  be  profitably  expended  in  fiscal  year  ending  June  30, 18-'2.     4, 000  00 


V4. 

IMPROVEMENT  OF  FRENCH  BROAD  RIVER,  TENNESSEE. 

An  appropriation  of  $10,000  was  made  foriniprovingtbis  river '^between 
Knoxviile  and  the  mouth  of  Big  Creek,"  act  of  June  14, 1880  (Knoxville 
is,  strictly  speaking,  4^  miles  below  the  mouth  of  the  French  Broad),  but 
the  funds  not  being  available  until  after  the  1st  of  July,  no  work  was 
done  during  the  fiscal  year. 

The  money  now  (July  20)  being  available,  it  is  proposed  to  be^m^^x^ 
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at  ODce  by  organizing  a  force  and  removing  the  more  troublesome  snags, 
bowlders,  and  otber  obstructions  along  the  river  from  its  nioutli  to 
Lead  vale,  or  as  much  of  it  as  can  be  done  during  the  bidance  of  the  low- 
water  season. 

The  amount  herein  estimated  for  will  be  needed  for  continuing  these 
operations  and  blasting  rock  from  the  channel,  building  wing-dams,  &t^ 
to  secure  a  permanent  increase  of  depth  to  the  channel. 

No  statistics  as  to  the  amount  of  benefit  to  commerce  to  be  expected 
from  this  improvement  have  been  procured,  other  than  those  given  in 
the  reports  of  the  original  examinations  of  this  river.  (See  reports  of 
Chief  of  Engineers,  1871,  pp.  491  to  494 ;  1876,  pp.  718  to  722.) 

The  French  Broad  River,  in  Tennessee,  extends  from  Paint  Eock 
(State  line)  to  its  mouth,  4J  miles  above  Knoxville. 

From  Paint  Eock  to  Leeulvale,  a  distance  of  31  miles,  no  estimate  of 
cost  of  improvement  has  been  made,  for  the  reasons  given  by  Maj.  Walter 
McFarland.    (See  Report  Chief  of  Engineers,  1876,  p.  719.) 

No  estimate  has  been  submitted  for  improving  the  river  betweea 
Leadvale  and  Dandridge,  distance  about  20  miles,  having  nine  princi- 
pal obstructions. 

Ori^nal  estimate  of  cost  from  Dandridge  to  mouth  of  river,  $150,000.     (See  Report 
of  Chief  of  Engineers,  1871,  p.  41)4.)    Amount  appropriated,  $10,000. 

Money  stOrtement 

Amount  appropriated  by  act  approved  June  14,  1880 $10, 000  00 

July  1, 188U,  amount  available 10,4)00  00 

Amount  (estimated)  reauired  for  completion  of  existing  project 140, 000  00 

Amount  that  can  be  prohtably  expended  in  fiscal  year  ending  June  30, 1882 . .  10, 000  09 


Vs. 

IMPROVEMENT  OF  CLINCH  RIVER,  TENNESSEE. 

An  appropriation  of  $10,000  was  made,  act  of  June  li,  1880,  for  im- 
proving this  river,  of  which  sum,  $6,000  shall  be  expended  above  and 
$4,000  below  Haynes,  but  the  funds  not  being  available  until  after  the 
1st  July,  no  work  was  done  during  the  fiscal  year. 

The  money  now  (July  20)  being  available,  it  is  proposed  to  begin  work 
at  once  by  organizing  a  force  andremoving  the  more  troublesome  snags^ 
bowlders,  and  other  obstructions  along  the  river,  between  the  head  of 
navigation  and  Kingston,  or  as  much  of  it  as  can  be  done  during  the 
balance  of  the  low-water  season. 

The  amount  herein  estimated  for  will  be  needed  for  continuing  these 
operations,  and  blasting  rock  from  the  channel,  building  wing-dams,  &c 
to  secure  a  permanent  increase  of  depth  to  the  channel. 

For  a  detailed  report  on  the  obstructions  in  this  river,  and  an  estimate 
of  the  cost  of  their  removal,  and  the  benefits  to  be  expected  therefirom 
(see  report  of  Chief  of  Engineers,  1876,  pp.  741  to  745). 

The  original  estimate  for  improving  the  Clinch  River  in  Tennessee,  from  the  boiuidarr 
line  between  Virginia  and  Tennessee,  distance  230  miles,  was  $;^6,400,  amomit  appro- 
priated 110,000. 

Money  statement 

Amount  a]>propriated  bv  act  approved  June  14,  1880 $10, 000  00 

July  1,  1880,  amount  available 10,01H)  00 

Amount  (estimated)  required  for  completion  of  existing  project 16, 400  00 

Amount  that  can  be  pTot\tab\y  ^^veAvCie^m^t^l'S^o^'^  ending  June  30, 1882  .  10, 000  00 
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V  6. 
IMPROVEMENT  OF  DUCK  RIVER,  TENNESSEE. 

An  appropriation  of  $7,000  was  made  for  improving  this  river,  act  of 
June  14, 1880,  but  the  funds  not  being  available  until  after  the  1st  of 
July,  no  work  was  done  during  the  fiscal  year. 

The  money  now  (July  20)  being  available,  it  is  proposed  to  begin  work 
at  once  by  organizing  a  force  and  removing  the  more  troublesome  snags^ 
bowlders,  and  other  obstructions  along  the  river  below  Centerville,  or 
as  much  of  it  as  can  be  done  during  the  balance  of  the  low- water  season. 

The  amount  herein  estimated  for  will  be  needed  for  continuing  these 
oi>erations,  and  blasting  rock  from  thechaDnel,'buildin&;  wing-dams,  &c.y 
to  secure  a  permanent  increase  of  depth  to  the  channel. 

Original  estimate  of  cost  of  improving  Duck  River^  Tennessee,  was  $35,118;  amount 
appropriated  97,000. 

For  a  detailed  report  on  the  obstructions  in  this  river,  and  an  estimate 
of  the  cost  of  their  removal,  and  the  benefits  to  be  expected  therefrom 
(see  report  of  Chief  of  Engineers,  1880). 

Money  statement 

Amount  appropriated  by  act  approved  June  14,  1880 |7, 000  00 

July  1,  1880,  amount  available 7,000  00 

Amoant  (estimated)  required  for  completion  of  existing  project 28, 118  00 

Amount  tliat  can  be  profitably  expended  in  fiscal  year  ending  June  30, 1882 ...  10, 000  00 


examination  of  duck  river  from  its  mouth  to  centervillb, 

tennessee. 

United  States  Engineer  Office, 
Chattanoogay  Tenn.,  November  22,  1879. 

General  :  I  have  the  houor  to  submit  herewith  a  report  on  an  ex- 
amination of  Duck  River,  made  in  compliance  with  your  letter  of  instruc- 
tion of  the  25th  of  April,  1879. 

Assistant  Engineer  D.  L.  Sublett  was  detailed  to  make  the  examina- 
tion, and  his  report,  which  is  appended  hereto,  shows  that  an  expendi- 
ture of  $35,000  will  make  this  stream  navigable  for  half  the  year,  which 
will  answer  all  puqioses  of  navigation.  At  extreme  low  stages  there 
is  not  enough  water  to  fill  a  channel  of  sufficient  size  to  float  steamers, 
and  low-water  navigation  cannot  therefore  be  provided  for  without 
resorting  to  locks  and  dams,  at  a  cost  far  in  excess  of  what  the  needs  of 
commerce  would  justify. 

The  obstructions  generally  consist  of  rock  reefe,  gravel  bars,  and  shags, 
of  the  same  general  character  as  those  in  most  of  the  streams  in  this 
region,  and  the  proposed  improvements  consist  of  rock  and  gravel  ex- 
cavation, building  wing-dams,  and  removing  snags  and  overhanging 
trees.  The  improvement  once  completed  will  be  comparatively  perma- 
nent, and  will  require  but  little  expense  in  the  way  of  repairs  for  a  num- 
ber of  years. 

In  the  year  1846  the  State  of  Tennessee  chartered  a  company  styled 
the  "Duck  River  Slackwater  Navigation  Company,"  giving  this  com- 
pany "  the  exclusive  right  for  fifty  years  from  Janw^or^  \^^  \%^^  \s^ 

106  E 
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Tne  terms  or  tne  cnarter  requirea  tiiat  toe  worR  snoaid  be  compi 
within  twenty  years,  which  was  afterwards  extended  to  twenty 
years.  The  charter,  therefore,  expired  by  limitation  in  1871,  nnle 
has  been  renewed  at  some  time  since  1848.  I  cannot  leani  c^rts 
whether  this  has  been  done,  but  presume  it  has  not;  and  it  is  not  | 
able  that  any  trouble  can  arise  from  the  aforesaid  company;  but  ii 
State  of  Tennessee  claims  the  right  to  grant  the  exclusive  privile^ 
navigating  Duck  Kiver  to  private  parties,  it  would  seem  proper  thai 
United  States  should  require  some  assurance  that  this  right  will  m 
exercised  before  expending  money  for  improving  that  river.  I  w 
therefore  suggest  that,  if  an  appropriation  is  made,  it  be  "provided 
before  any  of  this  money  be  expended  the  State  of  Tennessee  sha 
linquish  all  right  and  control  over  the  navigation  of  said  Duck  I 
below  Centerville,  Tenn.,  and  shall  guarantee  that  no  claim  sha 
brought  against  the  United  States  in  consequence  of  any  firanc 
granted  by  said  State.''  / 

The  maps  pertaining  to  this  examination,  which  consist  of  one  gei 
map  of  the  river  from  Centerville  to  the  Tennessee  River  and  th 
eight  detailed  sketches  of  the  principal  obstructions,  showing  the  1 
tions  of  the  proposed  improvements,  will  be  forwaraed  as  soon  as 
are  copied. 

This  river  is  in  the  coUection  district  of  New  Orleans,  and  the  nearest  port  of  c 
ery,  by  water,  is  Paducah,  Ky. 

The  probable  advantages  to  be  derived  by  the  improvement  an 
forth  in  Mr.  Sublett's  report  herewith. 

yery  respectfully,  your  obedient  servant, 

W.  R.  King, 

Major  of  Engineei 
The  Chief  of  Engineers,  TJ.  S.  A. 
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intemiption  to  Tennessee  River,  and  was  completed  on  the  22d,  when,  in  accordance 
with  instructions,  I  proceeded  to  Johnsouville,  and  thence  by  rail  to  Chattanooga. 

The  following  are  the  results  of  the  examination :  Centerville,  the  highest  point  to 
which  steamboats  have  successfully  ascended,  is  situated  near  the  western  edge  of  the 
bine  grass  section  of  Middle  Tennessee,  and  is  by  actual  measurement  made  by  the 
engineer  of  the  Duck  River  Slackwater  Navigation  Company,  67  miles  from  the  Tennes- 
see River.  In  the  winter  of  1877-76,  the  steamer  Shields  made  two  successful  trips  to 
Centerville,  and  also  the  steamer  Mary  Clese  made  a  trip  about  1875.  Both  steamers, 
however,  were  damaged  by  overhanging  trees  and  snags,  and  further  attempts  were 
abandoned.  Thouc^h  successful  in  a  pecuniary  point  of  view,  the  risk  was  considered 
too  great.  Duck  River  was  regularly  navigated  a  few  years  back  bjr  flat-boats  carry- 
ing 200  tons  of  pig-iron.  When  the  .^Etna  Furnace  was  operated,  about  2,000  tons  of 
pig-iron  were  annually  shipped,  uutil  the  suspension  of  operations  by  the  depressi9n 
in  the  iron  trade.  Steamboats  have  frequently  run  as  high  as  the  Hackle  Shoals 
about  25  miles  from  the  mouth.  This  is  the  most  formidable  obstruction  on  the  river. 
The  steamer  Shields  was  125  feet  long,  22  feet  wide,  and  drew  18  inche-s  light,  and  had 
a  capacity  of  200  tons.  I  was  unable  to  obtain  the  dimensions  of  the  Mary  Clese. 
Private  effort*  are  now  being  imide  to  build  a  Wat  especially  for  the  Duck  River  trade 
by  some  of  the  citizens. 

The  character  of  the  obstructions  found  on  Duck  River  consist*  almost  entirely  of 
short  gravel  bars  or  ridge*,  with  intervening  pools  of  deep  water  from  a  quarter  of  a 
mile  to  4  miles  long  (the  water  in  the  pools  neing  generally  from  4  to  10  feet  deep). 
Overhanging  tn-es,  snags,  logs,  and  trees  lodged  in  the  channel,  which  latter  ob- 
structing the  river,  cause  a  division  of  the  water.  The  removal  of  these  latter  ob- 
structions and  confining  the  river  to  a  single  channel  by  means  of  riprap  dams  will,  it 
is  believed,  procure  from  2^  to  '.1}  feet  of  water  during  the  boating  season.  Few  of  the 
bars  have  less  than  1  foot  of  water  at  extreme  low-water. 

From  the  most  reliable  information,  gathered  by  repeated  inquiries,  1  learned  that 
ordinary  winter  tide  was  from  2  to  3  ^et  above  low-water,  which  would  give  with 
the  improvement*  contemplated  ample  water  for  4  to  6  mouths'  navigation.  There  is 
but  ooe  rock  shoal,  namely,  ^'Blue  Rock,'*  and  this  present*  no  serious  obstacles  to 
navigation.  Estimates  for  4  to  6  months'  navigation  were  made,  the  volume  of  water 
not  being  sufficient  for  low-water  navigation  without  locks  and  dams.  From  Center- 
ville to  near  its  mouth  Duck  River  is  uniformly  bounded  by  a  rock  bluff  on  one  side 
and  rich  alluvial  bottoms  on  the  other,  alternating  and  changing,  however,  at  each 
bend  of  the  river.  The  banks  are  from  10  to  25  feet  high,  and  on  the  bluff  side  from 
100  to  200  foet  high.  There  is  no  instance  where  extensive  bottoms  or  bluffs  occur 
on  both  sides  at  the  same  time.  The  bluffs  consist  of  subcarboniferous  limestone  and 
thick  strata  of  a  dark  silicious  rock,  which  is  finely  displayed  at  the  *^  Grandfathers 
and  Grandmothers"  buildings  in  cliffs  from  150  to  200  feet  high.  The  prevailing  rock 
in  Humphreys  County  is  sandstone,  susceptible  of  high  polish.  The  oanks  are  of  a 
light  alluvial  nature,  with  a  substratum  of  gravel  near  the  water's  edge  about  2  feet 
thick  ;  the  bottoms  are  broad,  excee<lingly  fertile,  and  highly  cultivated.  The  valleys 
of  Pine  River,  Beaver  Dam,  Little  Piney,  Sugar,  Hurricane,  and  Blue  creeks  also 
contain  large  areas  of  magnificent  bottoms,  which  readily  command  from  $25  to  $50 

Sir  acre.  Big  Bottom,  which  extends  some  15  or  20  miles  above  the  mouth  of  Duck 
iver,  contains  about  17,000  acres.  The  time  allowed  being  brief,  surveys  were  only 
made  at  jioints  requiring  improvement,  the  distance  being  measured  by  a  transit  with 
stadia  wires,  and  fall  ascertained  with  the  same  instrument.  The  distances  between 
localities  are  closely  approximate,  and  were  corrected  from  time  to  time  by  mile  sta- 
tions established  by  Mr.  Drury,  the  engineer  who  surveyed  the  river  for  the  **  Dnok 
River  Slackwater  Navigation  Company."  The  fall  from  Columbia,  as  ascertained  by 
Mr.  Drury,  was  2i:H  feet  and  the  distance  125  miles,  or  1.70  feet  per  mile.  High-wate** 
on  the  Tennessee  River  at  Fowler's  Landing  is  363  feet  above  tide  or  43.31  feet  above 
water  snrface  on  September  22,  and  high-water  at  Columbia  is  571  feet  above  tide ; 
this  would  give  for  the  fall  from  Columbia  208  feet.  The  fall  is  very  evenly  distributed, 
the  greatest  being  at  Johnson  Shoal,  which  is  5.29  feet  in  5,580  feet,  taken  when  the 
water  was  seven-tenths  above  low-water.  High-water  was  ascertained  to  be  at  Cen- 
terville 28  feet  at  the  bridge  above  low-water;  at  Nick's  Ferry,  where  the  river  was 
narrow,  approximately  :32  teet.  At  Haney's  Point  it  was  accurately  ascertained  to  be 
34.^  feet,  being  back  water  from  the  Tennessee  River,  5  miles  distant.  At  Fowler's 
Landing,  on  the  Tennessee  River,  it  was  found  to  be  43.31  feet  above  water  snrface 
September  22,  or  approximately  45  feet  above  low-water.  The  Tennessee  backs  water 
to  Hurricane  Creek,  on  Duck  River,  about  19  miles.  A  short  distance  below  Center- 
ville, near  Pace's  Island,  at  a  point  most  favorable  for  the  purpose,  cross-sections  were 
taken  every  10  feet,  and  the  volnme  of  water  ascertained  to  be  at  approximate  mean 
velocity  1,270  cubic  feet  per  second,  the  river  being  2  feet  above  low-water ;  cross- 
sections  and  velocity  were  also  taken  below  the  mouth  of  Pine  River  and  Beaver  Dam 
Creek,  and  volume  of  water  was  found  to  be  at  mean  velocity  1,187  cubic  feet  ^<^x 
second,  the  river  being  1  foot  above  low-water.     A  tabulated  ttftilftm^wt  \a  ««\si«v\\X^^ 
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herewith,  showine  the  nature  of  the  improvement  required  at  each  obstractiou, 
the  length  and  fall,  &-c.     The  following  is  the  estimated  cost  of  improving  the  r 

2,700  cubic  yards  riprap  for  banks,  at  $1.50. I 

7,034  cubic  yards  riprap  dam,  at  $2 1 

436  snags  and  roots,  at  $3 

162  trees  in  channel,  at  $6 

•    127  cubic  yards  loose  rock  excavation,  at|l 

50  cubic  yards  solid  rock  excavation,  at  $4 

3,400  cubic  yardsearth  excavation,  at  20  centa 

10,320  cubic  yards  gravel  excavation,  \  ^/^^  ^"}^?^  y*"*^"'  \*  fn  " " "  V 

*  •  ."  ^ }  4,600  cubic  yards,  at  40  cents 

300  (about)  overhanging  trees,  at$l 

.  20  per  cent,  for  engineering  and  contingencies -- 

Total 

The  most  effective  means  of  closing  the  chutes  has  been  demonstrated  to  be  b 
in  *^  riprap,"  on  brush,  with  a  very  broad  base  and  sufficient.!^"  high  to  confine  t 
water  to  a  single  channel  at  ordinary  winter  tide.  One  rise  i8  generally  snffic: 
make  the  dam  tight  with  leaves,  sand,  and  gravel  brought  down  by  the  river 
leaning  trees  should  be  cut  in  winter  when  the  sap  is  down,  as  the  stumps  then 
out  sprouts,  which  afford  an  excellent  i)rotection  to  the  loose  soil ;  if  cut  in  th 
mer,  the  stumps  die  and  leave  no  protection  to  the  banks. 

In  1848  a  charter  w^as  granted  to  the  Duck  River  Slackwater  Navigation  to  in 
the  river  to  Columbia  by  means  of  locks  and  dams.    One  lock  and  dam  was  but 
Columbia,  and  some  open  chaiinel  improvements  made  below  Ceut-erville,  but 
to  some  suits  instigated,  as  I  learned,  for  damages,  and  a  lack  of  confidence 
stockholders  in  those  having  control,  the'  enterprise  was  abandoned. 

POPULATION,   RESOURCES,    ETC. 


The  population  of  Hickman  and  Humphreys  counties  in  1870  aggregated  20 

great  portion  of  which  reside  in  the  valleys  of  Duck  jind  Buffalo  rivers  and  thei 

utaries;  they  are  remarkable  for  their  industrious,  economical,  and  law-abidin 

(j  its ;  for  two  years  there  was  no  inmate  in  the  jail  of  Hickman  County,  and  th 

docket  is  so  small  that  lawyers  find  it  difficult  to  make  a  living.  The  followii 
tistics  are  from  the  report  of  the  commission  of  agriculture  for  the  State  of  Ten 
for  1872 : 

Hickman  County, 

Total  assessed  acreage,  359,551 ;  value fl,4 

Total  value  of  taxable  property 1,4 

Humphreys  County, 

Total  assessed  acreage,  322, 1:53 ;  value fl,2: 

Town  lots ; 

Value  assessed  property 1,4- 

Agricuitu  ral  productions. 

8,000  acres  peanuts bushels..  2J 

9,956  acres  com do 4: 

5,168  acres  oats do i 

876  acres  wheat do K 

120  acres  rye do 

144  acre.8  Irish  potatoes do.... 

180  acres  sweet  potatoes * do 1 

279  acres  apples do i 

216  acres  peaches do i 

180  acres  sorghum gallonsi.. 

2,829  acres  grasses. 

These  statistics  are  about  the  same  for  Hickman  County,  and  the  production 
principally  raised  on  Duck  River  and  itu  tributaries.  The  chief  market  for  the  p 
of  Hickman  County  is  Nashville,  by  means  of  wagons,  and  is  distant  some  sixty 
over  a  common  dirt  roatl  and  exceedingly  rough  country.  Still,  it  is  not  uucou 
to  see  from  sixty-five  to  seventy-five  wagons  on  the  road  to  Nashville,  and  the 
may  bo  seen  in  Humphreys  County,  the  i)roduce  being  hauled  to  the  Tennessee  K 
The  great  staple  in  these  counties  is  peanuts,  now  worth  in  market  $1.15  i>er  bn 
and  in  1872  there  wore  viovVwcvid  v\\  Wv^j^sj  <iviv\vi\.v^5»  475,000  bushels. 
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Big  Bottom  alone  shipped  150,000  bushels  of  corn,  besides  many  hogs  and  large  quan- 
tities of  hay.  The  average  expense  of  hauling  peanuts  to  market  is  23  cents  per 
bushel,  an  (I  grain  cannot  be  raised  for  market,  as  the  cost  of  transportation  eats  up 
the  profits.  The  great  future  wealth  of  these  counties,  however,  is  the  immense  iron- 
ore  aeposits,  whicn  lie  along  the  hills  and  valleys  bordering  Duck  River.  The  ^tna 
property,  situat-ed  on  Beaver  Dam  Creek,  alone  has  enough  ore  to  supply  all  the  fur- 
naces that  could  be  conveniently  built  upon  it.  Timber  for  charcoal  purposes  fs 
equally  abundant.  Some  consider  the  deposits  in  these  counties  equal  to  the  Iron 
Mountain  of  Missouri ;  the  ore  yields  44  per  cent,  from  the  furnace.  This  property, 
the  finest  of  the  kind  in  the  State  of  Tenneasee,  now  lies  idle  for  the  want  of  cheap 
transportation. 

TIMBKR. 

Timber  is  everywhere  abundant  and  of  the  finest  quality  ;  it  consists  of  all  the  dif- 
ferent varieties  of  oak,  whit-e  hickory,  ash,  poplar,  walnut,  cherry,  chestnut,  black 
locnst,  beech,  and  sycamore,  and  on  the  hills  the  long-leaf  pine  abounds,  as  does  also 
the  cedar  and  other  varieties.  Considerable  cotton  is  raised,  which  finds  a  market  at 
Pinewood,  where  there  is  a  cotton  factory.  There  is  also  on  Hurricane  Creek  a  woolen 
factory,  and  near  Bufialo  an  ax-handle  factory,  the  hickory  used  being  superior  for 
this  kind  of  manufacturing.  Accompanying  thi»  report  is  an  index-map  of  the  river 
from  Centreville  to  its  mouth. 

I  am,  major,  very  respectfully, 

D.   L.   SUBLETT, 

A89i8lant  Engineer. 
Maj.  W.  R.  King, 

Corps  of  Engineers,  U.  8.  A, 
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V  7. 

IMPROVEMENT  OF  OBEY'S  RIVER,  TENNESSEE. 

An  appropriation  of  $4,000  was  made  for  improving  the  Obed's  EiveT, 
Tennessee,  June  14, 1880.  I'he  appropriation  is  understood  to  be  for 
Obey's  Eiver,  and  based  upon  an  examination  of  that  river,  a  tributary 
of  the  Cumberland,  the  report  of  which  examination  was  made  Febniaiy 
6, 1879.  ^See  Rei)ort  of  Chief  of  Engineers,  Appendix  T.)  The  spelhng 
was  corrected  by  amendment  in  the  Senate  from  ObecPs  to  Oh^Sy  but 
the  printed  copies  of  the  act  still  retain  the  apparent  error.  There  is  an 
Obed^s  Eiver,  rising  near  the  source  of  Obey^s  Eiver,  but  it  is  a  much 
smaller  stream,  and  runs  into  the  Emory  Eiver.  No  examination  of  it 
has  ever  been  made. 

The  funds  not  being  available  until  after  the  Ist  July,  no  work  wa* 
done  during  the  ^cal  year. 

The  money  now  {July  20)  being  available,  it  is  proi>osed  to  begin  work 
at  onoe  by  organizing  a  force  and  removing  the  more  tronblesome  snag$. 
bowlders,  and  other  obstructions  aloug  the  river,  or  as  mnch  of  it  as  can 
be  done  during  the  balance  of  the  low- water  season. 

The  amount  herein  estimated  for  will  be  needed  for  continuing  these 
operations^  and  blasting  rock  from  the  channel,  building  wing-dams,  &c. 
to  secure  a  permanent  increase  of  depth  to  the  channel. 

For  a  detailed  report  on  the  obstructions  in  this  river,  and  an  estimate 
of  the  cost  of  their  removal,  and  the  benefits  to  be  exx)eGt6d  therefirom, 
see  Eeport  of  Chief  of  Engineers,  1879,  p.  1277. 

Original  estimate  for  improving  Obey's  River^  Tennessee,  was  $11,869 ;  amonnt  ap- 
propnated,  $4,000. 

Money  statement. 

Amount  appropriated  by  act  approved  June  14,  1880 $4, 000  M 

July  1,  1880,  amount  available.. 4,000  00 

Amount  (estimated)  required  for  completion  of  existing  project 7, 869  M 

Amount  that  can  be  profitably  expend!ed  in  fiscal  year  ending  June  30, 1882. .  7, 869  OS 


/ 


V  8. 
IMPROVEMENT  OF  CANEY  FORK  RIVER,  TENNESSEE. 

An  appropriation  of  $6,000  was  made  for  improving  this  river,  act  d 
Jane  14, 1880,  bat  the  funds  not  being  available  nntil  after  the  1st  ^ 
Jody,  no  work  was  done  daring  the  fiscal  year. 

The  money  now  (July  20)  being  available,  it  is  proposed  to  be^!^  work 
at  once  by  organizing  a  force  and  removing  the  more  troublesome  snags, 
bowlders,  and  other  obstructions  along  the  river,  or  as  much  of  it  as  can 
be  done  during  the  balance  of  the  low-water  season. 

The  amount  herein  estimated  for  will  be  needed  for  continuing  these 
operations,  and  blasting  rock  from  the  channel,  building  wing-dams,  &c^ 
to  secure  a  permanent  increase  of  depth  to  the  channel. 

Ori^nal  estimate  of  cost  of  improving  Caney  Fork  River  was  $30,2^ ;  amoont  ^ 
propnated,  $6,000. 

For  a  detailed  report  on  the  obstructions  in  this  river,  and  an  estimate 
of  the  cost  of  their  removal,  and  the  benefits  to  be  expected  therefroiDt 
see  Eeport  of  Ohiei  ons»\i^wc^,\^'^^'»^-  ^'^^* 
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Money  statement. 

Amount  appropriated  by  act  approved  June  14,  1880 $6, 000  00 

July  1,  1880,  amount  available 6,000  00 

Amount  (estimated)  required  for  completion  of  existing  project 24, 228  00 

Amount  that  can  be  profitably  expended  in  fiscal  year  ending  June  30, 1882.  12, 000  00 


• 


IMPROVEMENT  OF  COOSA  RIVER,  GEORGIA  AND  ALABAMA. 

The  appropriations  for  this  river  are  made  applicable  to  that  portion 
lying  between  Eome,  and  the  Selma,  Rome  and  Dalton  Eailroad  Bridge. 

From  Eome  to  Greensport  the  river  has  been  put  in  a  tolerably  good 
navigable  condition  at  all  seasons,  by  the  excavation  of  reefs,  building 
of  wing-dams,  &c.,  as  explained  in  former  reports :  an4  eflforts  are  now 
direct^  to  the  removal  of  the  Ten  Island  Shoals  obstruction,  which, 
including  Whistenant's  Mill  Shoals,  requires  three  locks  and  several 
thousand  feet  of  dams.  The  work  at  this  point  ha^  been  carried  on  by 
hired  labor  continuously  during  the  fiscal  year,  and  is  now  making  good 
progress. 

l^ree  quarries  have  been  opened,  and  a  large  quantity  of  riprap  and 
dimension  stones  have  been  quarried,  and  a  sufficient  quantity  of  the 
latter  has  been  cut  to  justify  the  beginning  of  the  laying  of  masonry. 

The  foundation  of  a  dam  across  the  river  1,100  feet  long  ha^  been 
laid,  and  two  lock -pits  have  been  excavated,  biesides  considerable  pre- 
paratory work  in  the  way  of  laying  temporary  railroad  track,  building 
cars,  derricks,  &;c. 

The  following  is  a  statement  of  the  work  done  during  the  fiscal  year : 

l,0:t9  cnbic  yards  of  solid  rock  excavated  from  channel. 
6, 124  cubic  yards  of  rock  quarried. 
3, 714  cubic  yards  of  rock  pat  in  dams. 
5, 000  feet  of  timber  framed  in  dams. 

1  coffer-dam  (300  by  60  by  8  feet)  built. 
12, 756  cubic  yards  of  earth  embankment. 
1, 178  cubic  yards  of  stone  cut  for  locks. 

3, 350  cnbic  yards  of  rock,  gravel,  &c..  excavated  (pit  of  lock  1), 
51  cnbic  yards  rabble  masonr^  laia  (foundation  of  lock  2). 
81  cubic  yards  stone  broken  tot  concrete  (lock  No.  2). 

The  present  appropriation  (1880),  and  that  herein  estimated  for,  will 
be  required  in  continuing  work  on  these  shoals  and  in  the  necessary 
preparations  for  extending  the  improvement  down  to  the  coal-fields  in 
Saint  Glair  County,  Alabama;  also,  in  completing  certain  minor  im- 
provements between  Eome  and  Greensport. 

Further  details  as  to  the  present  condition  and  the  commercial,  in- 
terests involved  in  this  improvement  will  be  found  in  the  following 
reiK)rt  of  Lieut.  W.  L.  Marshall,  Corps  of  Engineers,  the  officer  in  im- 
mediate charge  of  this  work. 

This  work  is  in  the  collection  district  of  Mobile.  The  revenue  collected  at  the 
nearest  port  of  entry  is  unknown  to  me. 

The  original  estimates  of  cost  of  improving  the  Coosa  River  are  |552,347 ;  amount 
appropriated,  |225,000;  amount  expended,  1121,021.59. 
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Money  statement. 

July  1,  1879,  amount  available |d4, 627  57 

Amount  appropriated  by  act  approved  June  14|  1880 75, 000  00 

$109, 827  51 

July  1,  1880)  amount  expended  during  fiscal  year 65»  849  16 

July  1,  1880,  outstanding  liabilities 6,128  31 

71,977  C 

July  1,  1880,  amount  available 97,85010 

Amount  (estimated)  required  for  completion  of  existing  project 327, 347  90 

Amoun  t  that  can  be  profitably  expended  in  fiscal  year  ending  Jane  30, 1882 .     175, 000  OD 


report  of  first  lieut.  w.  l.  marshall,  corps  of  enoikkers. 

United  States  Enqinker  Office, 

Some,  Ga.,  July  21,  1880. 

Sir:  During  the  past  fiscal  year  work  on  the  Coosa  River  has  been  confined  te 
Whistenant^s  and  Ten  Island  Shoals,  a  fall  description  of  which  is  to  be  found  in  the 
Annual  Report  of  the  Chief  of  Engineers  for  1878.  These  shoals  extend  for  5  miles 
below  Greeusport.  In  this  distance  is  a  fall,  over  ree£i  and  rocks,  of  24  feet  nneqnal^ 
distributed. 

The  project  for  the  improvement  consists  in  the  construction  of  two  dams  and  three 
locks,  the  canalization  of  Wood's  Island  Chute,  and  the  excavation  of  a  channel  81 
feet  wide  and  3  feet  deep  at  extreme  low-water  through  the  reefs  at  the  head  of  the 
rapids. 

Of  this  work,  at  the  beginning  of  the  fiscal  year,  there  had  been  part  of  the  channel 
excavatiou  done,  stone  had  been  quarried  for  the  dams,  and  part  of  the  dam  at  Whis- 
tenant's  Shoal  built. 

During  the  past  fiscal  year  the  channel  excavation  throughout  has  been  eomplet4»d. 
with  the  exception  of  not  exceeding  200  cubic  yards  at  Rock  Island  Reef. 

The  dam  at  Whisteuant's  Shoal  is  essentially  completed,  and  1,100  feet  of  the  base 
of  the  dam  across  the  Coosa  River,  at  lock  No.  2,  built  and  filled  with  stone  to  a 
height  of  3  feet. 

A  coffer-dam  was  built  in  September  about  the  site  of  lock  No.  1,  the  lock-pit  exci- 
vated,  and  the  work  of  laying  masonry  l>egan  December  1,  1879;  but,  on  the  13th  of 
December,  a  freshet  occurred  which  broke  through  both  ends  of  the  coffer  and  stopped 
work.  Several  attempts  were  made  to  repair  the  breaks,  but  the  current  in  such  i 
st6ep  slope  was  so  great  as  to  render  it  impracticable.  The  dam  was  repaired  in  Jane, 
and  the  work  of  laying  masonry  was  resumed  July  1,  1880.  At  present  an  effective 
force  of  masons  and  laborers  are  engaged  thereat. 

At  lock  No.  2  the  embankment  has  been  carried  around  its  head  to  the  island  below, 
thus  causing  the  water  to  be  drained  away  from  behind  it,  and  the  excavation  for  the 
lock-pit  has  been  commenced.  This  embankment  is  to  be  carried  above  extreme  high- 
water,  and  is  now  half  done.  The  lock  is  to  be  connected  with  the  dam  above  it  by 
a  liigh  embankment  or  dam  16  feet  in  height,  the  material  for  which  has  been  pre- 
pared.    This  embankment  or  dam  is  400  feet  long. 

In  August,  1879,  a  quarry  was  opened  near  lock  No.  1  for  the  stone  for  that  loct 
The  formation  is  a  hard,  fine-grained  sandstone,  nearly  metamorphosed,'  and  oceans  in 
bowlders  of  various  sizes  and  of  very  irregular  shape,  making  the  quarrying  and  catdof 
much  more  expensive  than  was  foreseen. 

Few  stones  came  frt>m  the  quarry  with  even  an  approximation  to  a  butt  or  joint,  in 
irregular  masses,  which  must  be  hewn  on  all  sides.  An  average  force  of  fifty  quarry- 
men  and  stonecutters  have  been  kept  at  work  in  this  quarry,  and  all  the  stone  is  now 
quarried  and  cut  for  lock  1,  with  the  exception  of  the  coping  and  some  of  the  8f»eciil 
stone  for  the  lift-walls  and  miter-sills.  These  stones  must  be  obt4»iued  from  a  lime- 
stone ledge  found  above  the  shoal,  which  has  been  stripped  and  the  quarry  opeued. 
A  third  quarry,  similar  to  the  sandstone  quarry  at  lock  1,  was  opened  in  Januji^ry  ntat 
the  site  of  lock  2  for  the  purpose  of  getting  stone  for  that  lock.  A  force  of  from  fifty 
to  seventy-five  cutters  and  quarrymen  have  been  engaged  in  preparing  stone  for  lay- 
ing. About  one-half  the  stone  for  lock  2  is  cut,  and  the  laying  of  masonry  will  begu 
as  soon  as  the  pit  can  be  excavated.  In  neither  of  the  sandstone  quarries  can  stone 
for  coping  be  had.  There  are  no  quarries  on  the  Coosa  between  Rome  and  Greensport. 
and  no  stone  within  50  miles  of  the  works  better  than  that  we  are  forced  to  use. 
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It  may  be  ueceasary,  at  considerably  greater  expense,  to  transport  stone  from  a  dis- 
t-ance  to  complete  the  locks,  but  I  still  nope  to  be  able  to  get  stone  for  lock  No.  3  in 
the  vicinity  of  its  site,  where  a  limestone  ledge  has  been  foiwd. 

The  work  upon  this  improvement  is  nearly  or  quite  one-half  done,  and  it  is  evident 
that  its  cost  will  very  materially  exceed  the  estimate  made  for  it,  for  the  reason  that 
the  class  of  work  done  is  of  a  higher  grade.  The  foundations  are  mpre  difficult  than 
anticipated,  the  stone  for  building  more  difficult  to  obtain  and  cut^  and  the  cost  of 
labor  and  material  generally  is  considerably  higher  than  when  the  estimate  was  made. 

In  this  connection  I  wish  to  call  attention  to  the  insufficient  estimates  of  cost  made 
for  the  work  on  the  Coosa  River.  In  Mr.  Long's  report,  the  cost  of  the  locks  is  esti- 
mated at  less  than  what  it  must  necessarily  cost  to  prepare  their  foundations. 

No  allowance  is  made  for  the  increased  height  of  walls  to  allow  navigation  during 
the  moderate  rises  of  the  river,  and  shoals,  with  falls  whidi  will  render  open  navigation 
impracticable,  are  considorea  navigable  with  chanuel  excavation  where  locks  will 
be  uece8sar\\ 

The  levels  and  sun'ouudings  taken  during  this  survey  are  all  lost,  and  the  maps, 
therefore,  are  not  detailed  enough  to  allow  me  to  locate  the  necessary  works  or  to 
check  his  estimates.  Mr.  Long,  however,  doubled  the  previous  estimat4>,  and  with 
the  exception  of  the  locks,  his  prices  are  about  what  it  is  actually  costing  to  do  the 
work. 

The  object  of  tht'  work  at  the  Ten  Island  Shoals  is  primarily  to  throw  open  to  com- 
merce the  Coosa  River  coal-fields.  The  country  is  thinly  settled,  and,  with  the  excep- 
tion of  the  rich  mineral  deposits,  there  is  nothing  in  the  present  local  business  of  the 
river  which  will  justify  the  expenditure  necessary  for  its  improvement  where  it  is  not 
now  navigable.  Three  locks  and  dams  at  Ten  Island  Shoals,  and  one  at  the  head  of 
Broken  An-ow  Shoals,  will  eflfect  this  most  desired  end.  The  prospective  business  of 
the  river  consists  mainly  in  the  transportation  of  this  coal  and  iron. 

If  Congress  does  not  see  fit  to  embark  in  the  general  improvement  of  the  Coosa 
River,  it  is  at  least  advinabln  to  i>enetrate  as  far  as  to  this  coal,  oven  at  Bix)ken  Arrow, 
25  miles  below  Greensport.  A  dam  at  that  point,  even  without  a  lock,  in  addition  to 
the  work  at  the  Ten  Island  Shoal,  will  effect  this.  Afterwards,  if  thought  advisable 
to  can\v  the  work  further,  the  lock  at  Broken  Arrow  could  be  built  without  interfering 
with  the  navigation  as  far  as  to  that  point. 

The  next  annual  appropriation  should  be  sufficient  to  buihl  this  dam  and  complete 
the  work  at  Greens|K>rt,  otherwise  the  locks  at  Greensport  will  be  usel(3ss  for  some 
time  after  theii-  construction  on  account  of  the  obstructions  between  the  foot  of  Ten 
Island  Shoals  and  the  coal-fields.  These  obstructions  consist  of  reefs  near  Miller's 
Ferry  and  at  Box  Creek,  over  which  it  is  impracticable  to  make  a  safe  navigation 
•without  slackwater. 

There  are  now  employed  in  the  trade  of  the  Coosa  River  five  steamers,  two  of  which 
are  buiall  tugs  employed  constantlv  in  towing  logs  to  the  saw  mills  at  Gadsden;  the 
others  are  employed  in  the  trade  oi  the  Unper  Coosa,  are  from  120  to  165  feet  in  length, 
and  from  80  to  300  tons  burden.  A  sixth  steamer,  160  feet  long  by  'M  feet  beam,  is 
being  built  at  Gadsden,  and  another  will  be  built  in  the  spring  of  1H81  by  the  Georgia 
and  Alabama  Steamboat  Company. 

The  business  of  the  river  consists  in  the  trans])ortation  of  cotton,  pig-iron,  lumber, 
and  wheat,  and  return  freights  of  guano,  provisions,  and  merchandise. 

There  are  300  miles  of  river  navigation  above  the  obstructions  at  Greensport  on  the 
Coosa  River  and  its  tributaries,  the  Oosteiuiula  and  Coosawattee;  185  miles,  from  Rome 
to  Greensport,  being  navigable  tliroughont  the  year,  and  the  remainder  for  six  months 
in  the  year. 

I  have  not  been  able  to  get  any  reliable  statistics  of  the  river  tra<le.  There  are 
about  20,000  bales  of  cottoii,  15,000,000  feet  of  lumber,  3,000  tons  of  guano,  pig-iron, 
and  general  merchandise,  and  nearly  the  entire  supply  of  com,  bacon,  flour,  and  gro- 
ceries for  the  population  as  far  as  to  Broken  Arrow  Creek.  The  inhabitants  of  the 
valley  have  no  other  means  of  transportation  except  in  the  immediate  vicinity  of 
Gadsden,  whence  a  short  branch  of  railroad  taps  the  Alabama  Great  Southern  Railroad ; 
but  the  principal  demand  for  the  iniprov(;ment  of  the  Coosa  River  below  Greensport 
arises  from  the  desire  for  cheap  fuel,  which  the  people  hope  to  obtain  by  river  trans- 
portation from  the  Coosa  coal-fields. 

There  are  nine  blast-furnaces  in  the  vicinity  of  Rome  and  the  Upper  Coosa  Valley, 
which,  from  the  growing  scarcity  of  wood  for  charcoal,  will,  in  a  few  years,  have  to  go 
out  of  blast,  or  purchase  coal  at  ruinous  rates  if  the  price  of  fuel  is  not  very  materially 
reduced. 

The  iron  ores  of  this  vicinity  art>  very  sui>erior,  and  the  advantages  for  its  manu- 
facture, when  cheap  fuel  is  once  assured,  are  such  as  will  necessarily  cause  a  great  de- 
velopment in  this  industry  here.  All  the  manufacturiu)^  industries  of  paris  of  North 
Georgia  and  Alabama  depend  for  development  and  maintenance  u]>on  the  improve- 
ment in  question.  At  present  consumers  pay  from  |3.25  to  |6  per  ton  for  bituminous 
coal,  which  makes  manufacturing  other  than  of  the  best  grade  of  chwco^A.  \x«vv^  vcow- 
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profitable  in  opposition  to  East  Tennessee  and  more  favor«Ml  localities.     Already  the 
nail- works  and  rolling-mill  locftted  at  Rome  have  closed,  and  the  extensive  car- wheel 
and  foundry  works  here  are  contemplating  removal. 
i  l^  J  The  freights  of  the  Coosa  River  are  rapidly  increasing  in  volnme,  so  much  so  that. 

^  "'*  ■  where  six  years  ago  a  single  lino  of  steamers  could  with  diflScnlty  be  maintained,  we 

I  IiM  now  have  three  .opposition  lines  engaged  in  the  traffic. 

'  ■  The  lands  are  being  rai)idly  homesteaded  and  cleared  for  cultivation,  and  the  im- 

provement of  the  stream  is  causing  a  demand  for  the  land  still   in  possession  of  tb^ 
general  government. 

In  the  la«t  annual  report  I  asked  for  an  appropriation  of  $23,000  to  complete  th^ 
work  begun  above  Greensport.  This  recommendation  is  repeated,  and,  in  my  opinion, 
this  amount  is  necessary  to  maintain  the  existing  navigation  and  further  to  remoTf 
rock  and  gravel  obstructions. 

I  would  recommend  appropriations  as  follows:  Coosa  Rivor — Rome  to  Gre«»n«port, 
$23,000;  Greensport  to  Selma,  Rome,  and  Dalton  Railroa*!,  f  170,000.     A  less  appro- 
priation than  $100,000  should  not  be  made,  as  that  is  the  least  amount  that  can  maii- 
tain  an  effective  force  of  skilled  labor  at  work  during  the  year. 
ll  Very  respectfully,  your  obedient  servant, 

W.  L.  Marshall, 
First  Lieutenant  of  Engineers. 
Maj.  W.  R.  King, 

Corps  of  Engineers^  U.  S.  A. 


V  lo. 

I MPROVEMENT  OF  OOSTENAIILA  AND  COOSA WATTEE   RIVERS,  GEORGIA 

Work  on  these  streams  was  begun  on  the  Istof  July,  1879,  and  closed 
October  24,  on  account  of  high-water,  and  consists  in  the  improvement 
of  the  natural  channels  by  blasting  rock  and  excavating  ^^ravel  and 
bowlders  from  the  shoals,  and  narrowing  the  water-way  by  wingniams. 

The  work  done  during  the  past  season  was  principally  on  the  Coosa- 
wattee,  and  consisted  in — 

Rock  blasted  from  channel 140  cable  yards. 

Bowlders  blasted  from  channel ^32  cubic  yards. 

Gravel  excavated  from  channel 313  cnbic  yards. 

Snags  and  overhanging  trees  removed 441 

Dri^  removed  from  channel 102  cords. 

Rock  quarried  for  dams 807  cubic  yards. 

Rock  put  in  dams 1, 513  cubic  yanls. 

Brush  cut  and  put  in  dams 150  cords. 

The  improvement  is  designed  to  prolong  the  season  of  navigation* 
which  can  only  be  carried  on  at  moderately  high-water. 

The  work  is  of  a  subst>antial  and  permanent  character,  and  with  occa- 
sional repairs  will  answer  all  the  requirements  of  navigation. 

Lieut.  W.  L.  Marshall,  Corps  of  Engineers,  in  immediate  charge  of  the 
work,  reports  that — 

The  Coosawattee  River  is  a  small  mountain  stream,  from  100  to  200  feet  in  width,  with 
rapid  current  and  short  bends.  It  is  navigable  six  months  in  the  year  as  far  as  Car- 
ter's Landing,  45  miles  from  its  mouth,  or  nearly  to  its  head.  The  commerce  of  the 
river  is  small,  consisting  mainly  of  lumber,  cotton,  and  wheat.  It  penetrates  30  miks 
from  railroad  transportation,  and  affords  the  only  means  of  egress,  except  by  wagons 
for  a  small  but  rich  agricultural  country.  During  the  past  winter  steamers  have  not 
navigated  it,  the  farmers  having  constructed  a  kind  of  flat-boat,  in  which  they  float 
their  produce  to  railroad  at  Resaca  at  trifling  expense.  These  small  barges  are  eitho' 
pushed  bf  ^Ck  with  poles  or  hauled  in  wagons.  One  farmer,  I  understand,  thus  trans- 
ported 9,000^>ushels  of  wheat  and  240  bales  of  cotton,  at  a  cost  less  than  one-third  the 
steamboat  rates. 

The  work  on  ths  Coosawattee  River  was  directed  to  securing  2  feet  navigation  on 
that  river  when  the  Coosa  River,  at  Rome,  Ga.,  is  1  foot  above  extreme  low-water, 
and  it  is  confideutly  expected  that  this  result  will  be  obtained  the  present  season. 
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III  addltiou  to  the  repair  of  tmch  of  the  old  dams  as  needed  it,  there  was  constructed 
during  the  past  season  1,384  linear  feet  of  dams,  built  of  ripraj),  brush,  and  gravel. 
Most  of  these  dams  are  durable ;  a  few  need  more  stone. 

With  the  expenditure  of  the  present  appropriation  ($2,000),  all  that  can  be  done  for 
the  Coosa wattoe  Kiyer,  without  slackwater,  will  have  been  accomplished,  but  the 
Oostenaula  will  require  at  least  one  full  season's  work  for  forty  men  to  remove  the 
rocks  still  obstructing  the  channel,  or,  say,  $10,000. 

The  original  examinations  and  estimates  for  this  improvement  were 
made  in  1872  and  1874,  and  were  designed  to  secure  3  feet  depth  of 
channel  on  the  Oostenaula,  and  on  the  Coosawattee  to  secure  good 
navigation  for  boats  drawing  24  inches  of  water  during  nine  months  of 
the  year. 

The  cost  of  improving  both  streams  being  estimated  at $28, 208  50 

The  entire  amount  appropriated  has  been 24,000  00 

Expended 21,089  97 

Money  sUitement 

July  1,  1879,  amount  available $5, 674  95 

Amount  appropriated  bv  act  appro ve<l  June  14,  1880 2, 000  00 

17,674  95 

July  1,  1880,  auiount  expended  during  fiscal  vear 4, 764  92 

July  I,  1880,  outstanding  liabilities .". 132  75 

4,897  67 

July  1,  1880,  amount  available 2,777  28 

Amount  (estimated)  required  for  completion  of  existing  project 4, 208  50 

Amount  that  can  l>e  profitably  exi»ended  in  tiscal  year  ending  June  30, 1882. .     4, 208  50 


V  II. 
IMPROVEMENT  OF  ETOWAH  RIVER,  GEORGIA. 

The  instrumental  survey  referred  to  in  my  last  report  was  completed 
and  the  report  and  estimates  submitted  to  Congress  December  18, 1879, 
and  printed  in  H.  Ex.  Doc.  No.  17,  Forty-fifth  Congress,  second  session. 

The  estimate  wa«  for  improving  63  miles  of  river,  so  as  to  give  a  nav- 
igable channel  4  feet  deep,  which  involved  the  building  of  27  locks,  at  a 
probable  cost  of  $2,276,663.  In  submitting  this  estimate,  it  was  stated 
by  me  that — 

The  conclusion  seenm  inevitable  that  the  cost  of  the  work  would  be  vastly  greater 
than  the  advantages  to  be  expected  would  justify,  but  this  is,  of  course,  a  question 
for  Congress  to  decide. 

No  appropriation  was  made,  and  no  work  has  been  done  other  than 
that  relating  to  the  survey. 

As  there  is  no  prospect  that  the  balance  of  the  appropriation  for  this 
stream  can  be  profitably  expended  upon  it,  I  would  respectfully  recom- 
mend that  Congress  be  asked  to  make  that  amount  available  for  the  im- 
provement below  Rome,  Ga.,  where  the  Etowah  merges  into  the  Coosa 
River. 

Total  amount  apprcipriated  act  of  August  14,  187(5 flO,  000  00 

Amount  expended 1, 237  80 
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General  :  I  have  the  honor  to  forward  herewith  reports  of  Lieut 
W.  L.  Marshall,  United  States  engineer,  and  Assistant  JSn^neer  Ems 
Buhl,  on  the  survey  of  Etowah  Kiver,  made  during  the  pa*8t  snmmei 
under  authority  of  appropriation  aet  of  June  18,  1878.  These  report 
give  a  fiill  description  of  the  river  and  proposed  method  of  improve 
ment,  together  with  estimates  of  cost  and  some  infomiation  as  to  th 
probable  advantages  to  navigation. 

The  conclusion  seems  inevitable  that  the  cost  of  the  work  would  b 
vastly  greater  than  the  advantages  to  be  expected  would  justify,  bn 
this  is  of  course  a  question  for  Congress  to  decide.  Should  it  be  decide 
to  begin  work,  it  is  earnestly  recommended  that  at  least  one-third  of  th 
estimated  cost  may  be  appropriated  the  first  year,  so  that  the  nec« 
sary  preparations  can  be  made  for  prosecuting  the  work  vigorously  sivn 
economically.  Maps  will  be  sent  in  a  separate  package. 
Very  respectfullv,  your  obedient  servant, 

W.  R.  King, 
Major  of  Engineer$, 

The  Chief  of  Engineers,  U.  S.  A. 
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report  of  lieut.  w,  l.  marshajlii,  corps  of  enginkrrs. 

United  States  Enginkkr  Office, 

Rome^  Oa.y  November  29,  1879. 

Sir  :  I  have  the  honor  to  return  herewith  the  report  of  Mr.  Ernst  Ruhl,  asaidtant  i 
charge  of  the  party  for  the  survey  of  the  Etowah  River. 

The  survey  was  made  in  the  months  of  May,  June,  and  July,  1879,  and  the  repoi 
is  confined  almost  exchisively  to  a  statement  of  the  improvement  necessary  to  seem 
a  navigable  channel,  4  feet  in  depth,  from  Rome,  Ga.,  to  the  mouth  of  Little  River, 
distance  of  63  miles,  and  an  estimate  of  the  cost  of  these  improvements. 

The  Etowah  River  takes  its  rise  in  Lumpkin  County,  Georgia,  and,  after  collectiD 
the  waters  of  many  little  mountain  streams,  flows  in  a  direction  a  little  aonth  of  wm 
a  distance,  measured  along  its  meanders,  of  about  110  miles,  to  Rome,  6a.,  whcfi 
uniting  with  the  OostenauTa,  it  forms  the  Coosa,  the  main  tribut>ary  of  the  Alabam 
River.  Its  drainage  area  is  confined  to  parts  of  the  counties  of  Lumpkin,  Cheroke* 
Bartow,  and  Floyd,  Georgia,  rich  agricultural  counties,  also  abonndinir  in  minenli 
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n^id  neeti,  the  full  height  of  freshets  being  often  attained  in  a  few  hours,  and  it  nearly 
as  rapidly  subsides.  The  height  of  the  greatest  rises  varies  from  12  feet  in  the  upper 
part  of  its  course  to  28  feet  at  Rome,  wnere  its  slope  is  reduced.  In  addition  to  the 
natural  obstructions  its  bed  is  filled  with  numerous  fish-traps,  and  its  course  is  dammed 
by  two  mill-dams.  It  is  spanned  by  six  bridges,  the  lower  chords  of  which  are  barely 
above  the  high- water  marks. 

The  present  survey  was  restricted  to  that  part  of  the  river  which  may  ultimately 
form  a  part  of  some  thi-ough  water  line  connecting  the  Mississippi  Valley  with  the 
Atlantic  seaboard,  in  connection  with  the  rivers  of  Lower  Georgia  and  connecting 
canals  to  be  built  betweeu  them. 

From  Rome  to  the  mouth  of  Little  River,  a  distance  of  63  miles  measured  along  its 
bank,  the  fall  of  this  river  is  232  feet  or  nearly  3.7  feet  per  mile.  This  fall,  if  uni- 
formly distributed,  would  occasion  a  current,  at  moderate  stages  of  water,  when  the 
friction  against  the  bottom  and  sides  of  the  channel  is  reduced,  almost  too  great  for 
successful  up-stream  navigation.  As  it  is,  however,  the  fall  is  not  uniform,  but  the 
slopes  are  gi-eatly  increasea  at  numerous  points  where  the  falls  take  place,  over  reefs 
and  rock  bars,  with  short  pools  of  still  water  between  them,  the  individual  falls  vary- 
ing from  a  few  inches,  over  narrow  reefs,  to  from  4  to  16  feet  within  less  than  a  mile, 
as  shown  in  detail  upon  the  profile. 

It  is  impracticable  to  make  a  successful  improvement  of  this  part  of  the  river  with- 
out the  application  of  a  complete  system  of  locks  and  dams,  the  low-water  discharge 
of  the  river  not  being  sufficient  to  fill  any  practicable  channel  which  may  be  excavated 
through  the  reefs  and  rapids.  To  secure  a  navigable  channel  4  feet  in  depth  over  this 
63  miles  of  river,  Mr.  Runl  estimates  that  27* locks  and  dams  are  necessary,  at  a  prob- 
able cost  of  $2,276,663,  which,  for  a  permanent  improvement,  is  not  a  too  liberal  esti- 
mate. 

There  is  at  present  no  navigation  upon  the  Etowah,  and  I  have  not  been  able  to  dis- 
cover that  it  lias  ever  been  utilized  even  for  navigating  fiat-boats  or  saw-logs  down 
stream.  There  is  no  demand  among  the  people  for  its  improvement,  unless  a  general 
desire  to  profit  by  any  work  whatever  in  their  vicinity,  to  which  they  are  not  called 
upon  directly  to  contribute,  except  a  contingent  and  speculative  one,'t.  e.,  should  the 
Coosa  River  be  opened  to  the  Gulf,  or  any  of  the  through  canal  routes  connecting  the 
waters  of  the  Coosa  with  the  Mississippi  River  be  inaugurated,  then  there  will  be  a 
lively  desii-e  among  the  people  to  participate  in  benefits  derived  therefrom.  At  pres- 
ent the  river  leads  to  no  market  not  readily  and  cheaply  reached  by  railroad  or  wagon, 
and  the  entire  present  surplus  of  ite  valley,  if  shipped  by  river,  could  not  maintain  by 
<*       any  tolls  the  works  necessary  for  its  navigation. 

Until  the  population  becomes  many  times  increased,  and  the  products  so  much  am- 
plified b}"  diversified  industries  as  to  make  it  the  policy  of  the 'government  to  develop 
every  possible  means  of  inland  transportation,  there  does  not  seem  to  me  to  be  any 
occasion  or  need  to  improve  the  Etowah  River.  No  part  of  it  at  present  is  more  than 
8  miles  from  railroa<l  transportation. 

Very  respectfully,  your  obedient  servant, 

W.  L.  Marshaix, 
Firet  Lieutenant  of  Engineers. 

M^.  W.  R.  King, 

Corps  of  Engineers,  U.  S.  A, 
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REPORT  OF   MR.   ERNST  RUHL,  ASSISTANT  ENGINEER. 

Chattanooga,  Tenn,,  September  2,  1879. 

Major  :  I  have  the  honor  to  submit  the  following  report  of  a  snrvey,  Ac,  of  the 
Etowah  River,  in  Geor^a,  commencing  at  the  month  of  Little  River,  in  Cherokee 
County,  the  starting  point  of  a  project^  ship-canal  uniting  the  waters  of  the  Gulf  of 
Mexico  with  the  waters  of  the  Atlantic  Ocean,  the  contemplated  water-way  passing 
through  the  States  of  Alabama,  Georgia,  and  South  Carolina. 

The  survey  and  field  work  performed  in  connection  with  it  consisted  of  the  running 
of  a  transit  line  on  one  side  of  the  river,  forming  a  basis  upon  which  the  topography 
of  the  river  and  its  immediate  snrroundings  were  located.  The  distances  from  the 
transit  line  to  the  water's  edge  were  measured  with  a  tape-line  at  every  point  of  de- 
flection in  the  trannit  line,  and  to  the  water's  edge  on  the  shore  opposite  to  it  by  using 
a  stadia  rod. 

The  lowest  point  of  the  river  bed  in  a  cross-section  of  the  Etowah  at  the  starting 
point  was  assumed  as  representing  an  elevation  of  500  feet,  and  upon  this  assumption 
a  series  of  levels  were  run  on  the  transit  line,  and  a  check  line  of  levels  to  test  the 
former's  correctness  generally  on  the  shore  opposite  to  the  transit  line  :  elevations  of 
water  surface  were  taken  about  every  1,000  feet,  and  at  shorter  intervals  where  there 
appeared  a  sudden  fall  in  the  river.    Whenever  reliable  information  about  the  height 
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of  flood  of  1876  could  be  obtained,  it  was  recorded  and  afterwards  pnt  on  the  profik. 
Benches  were  established  and  marked  abont  every  50  stations,  and  recorded  in  the 
level  book. 

Soundings  were  taken  opposite  every  station  of  the  shore  line,  which,  dedacted  (roin 
the  elevation  of  the  corresponding  water  surface,  ascertained  on  the  same  day,  gtve 
the  elevation  of  bed  of  river. 

Cross-sections  of  the  river  bed  were  also  taken,  principally  at  places  which  will 
probably  require  work  to  increase  the  depth  of  water.  Observations  of  stage  of  wat€f 
were  made  and  recorded  three  times  per  day  on  water-gauges  established  at  Loveii- 

food^s  Bridge,  in  Cherokee  County,  Douthard's  Ferry,  in  Bartow  County,  and  Rome,  in 
loyd  County ;  also  at  a  water-gauge  put  up  near  each  camp  for  the  time  being,  dar- 
ing the  survey,  for  the  purpose  of  arriving  as  nearly  as  possible  at  the  figures  of  low- 
water  mark,  so  as  to  be  enabled  to  reduce  the  soundings  in  accordance  with  it. 

From  the  observations  of  water-gauges  and  the  known  distance  between  them,  th* 
velocity  of  the  water  was  ascertained,  also  from  velocity  observations  taken  with  the 
use  of  floats,  and  found  to  average  for  the  entire  distance  2^  miles  per  hour,  and  at 
some  X)lace8  not  more  than  1.6  mues  per  hour. 

The  contemplated  depth  of  channel  is  4  feet,  and  the  width  of  the  same  where  ex- 
cavation is  required  =  60  feet. 

Dams  are  assumed  at  8  feet  width  on  top,  sloping  on  the  side  upstream  at  the  rate 
of  1  foot  vertical  to  2  feet  horizontal,  and  on  the  downstream  side  at  the  rate  of  one 
to  one,  built  of  dry  masonry.     Locks  to  be  210  feet  long  and  40  feet  wide  in  the  clear. 

From  the  annexed  profiles  and  maps  of.  the  river  it  is  apparent  that  the  cleaning 
out  (removal  of  obstructions  in  it)  would  not  improve  to  a  great  extent  the  facilities 
of  navigatiu)^  the  same,  on  account  of  the  irregularity  of  the  slope  of  river  bed  and  iU 
great  width  in  many  places  compared  with  the  volume  of  water  at  it-s  lowest  stage : 
and  the  ne^jessary  imi^rovements  recommended  consist,  therefore,  principally  in  the 
building  of  dams  and  locks,  besides  several  channel  excavations,  whereof  the  estimated 
total  cost  amounts  to  |2,276,66:),  as  detailed  in  the  inclosed  estimate.  The  high  banks 
of  the  river  are  very  favorable  to  slackwater  improvements,  being  generally,  as  shown 
by  the  profile,  on  level  with  high-water  mark,  frequently  above  it,  and  wherever 
they  are  below  the  same  it  is,  with  few  exceptions,  not  more  than  from  10  to  150  feet 
distance  back  of  the  transit  line  to  the  point  where  the  elevation  of  natural  surface 
reaches  high-water  mark. 

All  along  the  river  between  Rome  and  the  month  of  Little  River,  stone  for  building 
dams  and  locks  is  within  easy  reach  of  the  places  where  such  are  needed.  Lnmb« 
can  also  be  obtained  from  the  numerous  saw-mills  near  the  river.  Commencing  just 
above  the  mouth  of  Little  River,  in  Cherokee  County,  Georgia,  this  point  of  beginning 
is  designated  as  station  0,  and  a  stake  driven  in  every  100  feet  in  distance  and  marked 
successively  1,  2,  3,  &c. 

Following];  the  river  down  stream,  the  first  obstruction  met  with  consist«  of  a  mill- 
dam  at  station  37.  Removing  the  dam  would  lower  the  water  so  much  as  to  necessi- 
tate  channel  excavation  for  1,300  feet  above  the  dam  and  800  feet  below  the  same. 
Taking  down  the  present  dam  and  building  a  new  one  of  250  feet  length  and  7  feet 
height  will  not  only  preserve  the  proper  depth  of  water  above  the  dam,  but  will  also 
raise  the  water  between  stations  37  and  42  to  its  necessary  height.  A  lock  of  5^  feet 
lift,  with  10  feet  additional  elevation  of  walls,  is  required. 

Material  for  building  lock  and  dam  can  be  obtained  from  the  ridge  opposite  station 
50  to  station  60. 

Between  stations  53  -f-  50  and  59  -}-  50  for  600  feet  the  channel  has  to  bo  deepened  I 
foot,  60  feet  wide,  in  solid  rock. 

In  order  to  overcome  the  rapids  and  reefs  between  stations  112  and  148  and  shallow 
water  at  149, 150,  151,  and  153,  also  162  to  168,  it  will  be  advisable  to  put  a  dam  acroes 
the  river  at  station  165,  and  a  lock  of  6^  feet  lift.  Rock  for  dam  and  lock  can  be  ob- 
tained in  the  ridge  on  right  side  of  river  opposite  stations  125  and  142. 

At  station  187  we  find  only  2  feet  water,  and  an  excavation  of  solid  rock  for  a  dis- 
tance of  200  feet,  averaging  1^  feet  in  depth,  will  be  required.  At  station  223  +  50 
Lovengood's  Bridge  (a  lattice  bridge)  spans  the  river ;  the  lower  chord  of  it  being  only 
2  feet  above  high-water,  it  will  be  necessary  to  put  either  a  draw  in  the  bridge  or 
abandon  it  entirely. 

The  shoals  between  stations  253  and  289  do  not  afibrd  more  than  2  feet  of  water,  and 
since  the  slope  of  the  river  here  would  require  too  great  an  amount  of  excavation,  a 
dam  8  feet  high  across  the  river  at  station  294  and  a  lock  of  4f  feet  lift  will  be  prefei- 
able. 

From  station  294  we  find  excellent  water  down  to  station  374. 

At  station  332  Owl  Creek  empties  into  £towah  River,  a  water  coutho  spoken  of  as 
afi'ordiug  facilities  for  constructing  a  canal  to  unite  the  waters  of  Etowah  River,  con- 
seqfiently  of  the  Gulf  of  Mexico,  with  the  waters  of  a  river  flowing  into  the  Atlantic. 

Between  stations  374  and  375  channel  excavation  of  1  foot  in  depth,  60  feet  wide, 
and  100  feet  long  is  necessary. 
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Between  stations  388  and  392  -f  ^  channel  excavation  to  the  extent  of  3  feet  in  depth 
is  required.  Between  stations  430  and  435 -f  60  channel  excayation  from  1  foot  to  1| 
feet  deep  is  required.  From  the  line  dividing  the  county  of  Cherokee  and  the  county 
of  Bartow  the  shoals  are  of  sach  lengthy  and  the  descent  of  the  river  so  rapid,  that  it 
becomes  impracticable  to  improve  the  same  by  channel  excavation  or  longitudinal 
^amS|  but  cross-dams  and  locks  appear  to  be  the  proper  means  of  improvement  be- 
tween the  eastern  boundary-line  of  Bartow  and  Rome,  the  lower  terminus  of  Etowah 
River. 

The  next  dam  to  be  constructed  will  be  opposite  station  541  *  at  the  head  of  Maddox 
Island^  from  the  right-side  shore  to  the  island,  so  as  to  force  the  water  in  the  left-side 
cbAnnel ;  the  length  of  it  wi  11  be  500  feet  and  its  height  4  feet.  At  the  foot  of  the  island, 
opposite  station  561,  from  the  left-side  shore  to  the  island,  another  dam  125  feet  long 
Aod  12i  feet  high  will  be  required,  and  a  look  with  10  feet  lift. 

Between  stations  5(j5  and  570  channel  excavation  2  feet  deep  will  be  required. 

At  station  594  to  5U5  -f  50  channel  excavation  1|  feet  deep  is  necessary. 

In  order  to  force  the  water  into  the  left-side  channel  at  Pugh's  Island  it  will  be 
necessary  to  build  a  dam  from  the  right-side  shore,  opposite  station  566,  to  the  head  of 
Pngh's  Island,  500  feet  long  and  3  feet  high^  and  another  dam  at  the  foot  of  the  island, 
opposite  station  630,  175  feet  long,  14  feet  high,  and  a  lock  with  11  feet  lift  and  »  feet 
Mditional  height  of  walls. 

At  station  674,  a  dam  600  feet  in  length,  13  feet  in  height,  also  a  lock  of  10  feet  lift, 
with  walls  of  7  feet  additional  height^  are  necessary. 

At  station  711  -f  50,  a  dam  600  feet  m  length,  19  feet  in  height,  and  lock  of  16  feet 
lift,  with  walls  of  5  feet  additional  height,  are  necessary.  At  station  746,  a  dam  of  450 
feet  in  length.  20  feet  in  height ;  also  a  lock  with  15  feet  lift  and  8  feet  additional 
height  of  walls  required. 

At  station  771,  a  dam  500  feet  long,  Hi  feet  height,  and  lock  of  9  feet  lift,  with  8 
feet  additional  height  of  walls  necessary. 

At  station  8ul  -(-50,  a  dam  400  feet  long,  13  feet  high,  and  lock  of  10  feet  lift,  with 
S  feet  additional  height  of  walls  required. 

At  station  857,  a  dam  300  feet  long,  14  feet  high,  and  lock  of  10  feet  lift,  with  8  feet 
additional  height  of  walls  required. 

At  station  944,  the  Western  and  Atlantic  Railroad  crosses  the  river.  lu  order  to 
onable  steamboats  to  pass  at  all  stages  of  water  a  draw  in  the  bridge  will  be  required. 

At  station  950  (Jefferson's  Mill),  a  dam  325  feet  long,  12  feet  high,  and  a  lock  of  8 
feet  lift,  with  walls  of  10  feet  additional  height  required. 

Between  stations  977  -f-  50  and  982  the  channel  has  to  be  deepened  2  feet. 

At  station  1012  (Tomlin's  Mill),  a  dam  300  feet  long,  9  feet  high,  and  lock  5i  feet  lift, 
with  10  feet  additional  height  of  walls  required. 

At  station  1138,  a  dam  320  fvet  long,  10  feet  high,  and  lock  7  feet  lift,  with  10  feet 
additional  height  of  walls  required. 

At  station  1207  there  is  a  lattice  bridge  across  the  river  belonging  to  the  county ; 
in  place  of  putting  in  the  draw  the  bridge  might  be  bought  for  $25,000  and  entirely 
Tduoved 

At  station  1233,  a  dam  275  feet  long,  11  feet  high,  and  lock  of  8  feet  lift,  with  10  feet 
additional  height  of  walls  required. 

At  station  1303,  there  is  a  bridge  belonging  to  Rockmart  Railroad  Company.  A 
draw  is  necessarj'. 

At  station  1526,  a  dam  250 feet  long,  12  feet  high,  and  lock  of  11  feet  lift,  with  walls 
'of  10  feet  additional  height  required. 

At  stations  1593,  1596  4-  75,  it  will  be  necessary  to  deepen  channel  2  feet. 

At  station  1716  -(-  50,  a  dam  300  feet  long,  10  feet  high,  and  a  lock  of  7  feet  lift,  with 
10-  feet  additional  height  of  walls  necessary. 

At  station  1860,  a  dam  300  feet  long,  12  feet  high,  and  lock  of  8  feet  lift,  with  walls 
of  10  feet  additional  height  required. 

At  station  2064,  a  dam  from  right-side  shore  to  head  of  island,  =  600  feet  long,  10 
feet  high,  and  lock  at  station  2081,  with  11  feet  lift,  an4  10  feet  additional  height  of 
walls  required. 

At  station  2211  -f  50,  a  dam  375  feet  long,  12  feet  high,  and  lock  of  8  feet  lift,  with 
10  feet  additional  height  of  walls  required. 

At  stations  2238,  2243,  2246,  and  2249,  deepening  of  channel  required. 

At  station  2325,  a  dam  275  feet  long,  9  feet  high,  and  lock  of  5  feet  lift,  with  10  feet 
additional  height  of  wi^ls  required. 

At  station  1^64,  deepening  of  channel  required.  At  station  2466,  a  dam  250  feet 
long,  14  feet  high,  and  lock  of  11  feet  lift,  with  10  feet  additional  height  of  walls 
required. 

At  station  2780,  a  dam  400  feet  long,  11  feet  high,  and  lock  of  7  feet  lift^  and  10  feet 
additional  height  of  walls  required. 

At  station  ^40.  a  dam  350  feet  long.  11  feet  high,  and  look  of  7  feet  lift,  with  19 
feet  additional  height  of  walls  required. 
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doubt  about  immense  amounts  of  mineral  resources,  especially  Id  Bartow  Countj 
ing  enterprising  capitalists  to  develop  them ;  they  consist  mainly  of  iron  ore  ai 
ganese.  Great  expectations  of  gold  to  be  taken  firom  the  river-bed  are  enterta 
some  people.  Opposite  the  mouth  of  Alatoona  Creek,  2  miles  above  the  bridg 
Western  and  Atlantic  Railroad,  and  firom  there  for  2  miles  up  and  along  th 
side  of  the  river,  very  extensive  iron- works  and  also  a  large  flouring-mill  wei 
eration  li^fore  and  during  the  war,  being  known  by  the  name  of  ''Etow; 
Works."  The  entire  establishment  is  now  in  ruins,  and  as  far  as  could  be 
the  proprietors  of  the  same  and  of  the  land  (some  15,000  acres^  pertaining  to 
no  inclination  to  utilize  their  enormous  water-power  and  revive  the  iron  ni 
turing  interest. 

For  the  present,  until  the  population  and  wealth  of  the  country  to  be  bene 
the  navigation  of  Etowah  River  has  materially  increased,  the  mineral  reaourc 
been  amply  developed,  and  the  immense  water-power  which  will  be  made  ai 
by  the  work  necessary  for  slackwater  navigation  may  be  utilized ;  until  the 
appears  to  be  no  necessity  of  incurring  the  expense  for  improvements  of  the 
lUver,  especially  as  there  are  already  sufficient  facilities  existing  for  transpi 
by  the  different  railroads  running  alongside  and  crossing  the  river  at  various 
the  Rome  and  Kingston  RailrofMi  starting  at  the  confluence  of  £towah  anc 
naula  Rivers,  and  running  alongside  the  Etowah  on  its  very  bank  to  a  point  i 
short  distance  from  Kingston ;  the  Rockmart  Railroad  from  Cartersville  to  Ced 
trossing  the  river  4  miles  from  Cartersville  and  running  for  several  miles  aloni 
bank }  the  Western  and  Atlantic  Railroad  crossing  the  river  2  miles  south  of  < 
ville.  There  is  no  point  on  the  river  between  the  site  of  the  Kto wah  Iron  Wo 
Rome  which  is  more  than  4  miles  from  a  railroad ;  and  there  is  no  point  on  t1 
between  the  Etowah  or  Cooper's  Iron  Works  and  the  mouth  of  LittTe  River  ^ 
•ver  7  miles  from  the  Western  and  Atlantic  Railroad. 

No  portion  of  the  river  is  at  present  navigated.  Whenever  it  will  be  foun< 
able  to  begin  actual  work  on  tne  improvement  of  Etowah  River,  all  dams  an 
should  be  worked  at  simultaneously,  and  also  the  contemplated  canal  betvreen 
vtary  of  Etowah  and  some  other  river  emptying  into  the  Atlantic  Ocean,  be* 
will  be  a  very  long  time  before  the  local  business  of  the  part  of  the  river  si 
will  compensate  for  the  cost  of  improvement,  and  it  is  therefore  desirable  to 
new  continuous  water-way  at  once  in  connection  with  it  between  the  Gulf  of 
and  the  Atlantic,  so  as  to  furnish  through  freight,  since  the  reasonably  to  be  e: 
local  business  will  not  be  sufficient  to  justify  the  outlay  for  improving  Etowal 
Very  respectfully,  your  obedient  servant, 

Ernst  Ruhl, 

AtsisUini  Em 
Maj.  W.  R.  King, 

Corps  of  Engineers f  U.  S.  A, 
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^     Station  53 +  £0  to  594-50.— Solid  rook  exoavation,  600x60x1  = 

—        36,000  cubic  foet=l,333oubic  yards,  at  $3 $3,999  00 

Station  165.— Dam  220  feet  long,  10  feet  high,  50,600  cabio 

■^        feet=l,874cnbic  yards,  at  |^.50 $6,559  00 

IxMsk  6i  feet  lift,  with  walls  of  10  feet  additional  height. ..      57, 590  00 

64, 149  00 

^    Station  187.— Solid  rock  excavation,  200  x  60  x  1.5  ..  18,000  cubic  feet 

=666  cubic  yards,  at  $3 1,998  00 

"    Station  223  -f  50. — Lov engood^s  Bridge  to  be  bought  and  torn  down '      15, 000  00 

_     Station  294.— Dam  225  feet  long,  8  feet  high= 36,000  cubic 

»i        feet=  1,333  cubic  yards,  at  |S.50 $4,665  50 

Lock  4|  feet  lift,  with  10  feet  additional  height  of  walls. . .       51, 325  00 
^*"  — — — ^—         55  990  50 

«^    Station  374  to  375.— Solid  rock  excavation,  100  x  60  X  1.0  =  6,000  cubic  '       -fcrsi 

feet  =  222  cubic  yards,  at  $3 666;;  00 

*«     Station  388  to  392.— Solid  rixsk  excavation,  100  X  60  X  (1.0  -f  3.0  -f  1.5  aiN 

^         -f  0.75)  =  37,500  cubic  feet  =  1,389  cubic  yards,  at  $3 4, 167  00 

^''    Station  430  to  435  -f  50.— Solid  rock  excavation : 

B5  1  X  60  X    50  =  3,000 

r  1  X  60  X  100  =  6,000 

'^  1.5X60X100  =  9,000 

El  1  X  60  X  100  =  6,000 
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Station  674.— Dam  600  feet  long,  13  feet  high  =  214,500 

I          cubic  feet  =  7,944  cubic  yards,  at  $3.50 27,804  00 

liock  10  feet  lift,  with  walls  of  10  feet  additional  height. . .  59, 477  00 

— — — ^— — ^ 
jc    Station  711  -f  50.— Dam  600  feet  long,  19  feet  high  =  416,100 

y         cubic  feet  =  15,411  cubic  yards,  at  $3.50 53, 938  50 

^    L«#ck  15  feet  lift,  with  walls  of  6  feet  additional  height 75, 606  00 

«,     Station  746.— Dam  450  feet  long,    20  feet  high  =  342,000 

cubic  feet  =r  12,666  cubic  yards,  at  $3.50 44,331  00 

I#ock  15  feet  lift,  with  walls  of  6  feet  additional  height ....  75, 606  00 

Station  771.— Dam  500  feet  long,  11^  feet  high  =  195,187 

I-         cubic  feet  =  7,229  cubic  yards,  at  $3.50 25.301  50 

^     Liock  9  feet  lift,  with  walls  of  8  feet  additional  height 59, 477  00 

Station  801  -f  50.— Dam  400  feet  long,  13  feet  high  =  143,000 

cubic  feet  =  5,296  cubic  yards,  at  $3.50 18,536  00 

LiOck  10  feet  lift,  with  walls  of  8  feet  additional  height. . . .  63, 300  00 

Station  857.— Dam  300  feet  long,  14   feet  high  =  121,800 

cubic  feet  =  4,511  cubic  yards,  at  $3.50 15,788  50 

Lock  10  feet  lift,  with  walls  of  8  feet  additional  height ....  63, 300  00 


24, 000  cubic  feet  =  889  cubic  yards,  at  $3 2, 667  00 

=iE   Station  541.— Dam  500  feet  long,  4  feet  high  =  28,000  cubic  feet  =  1,037  -i.:  n 

»:       cubic  yards,  at  $3.50 3,629  50 

Station  561.— Dam  125  feet  long,  12i  feet  high  =  33,984  cubic 

my<        feet=  1,259  cubic  vards,  at  $:^.50 $4,406  50 

ap    Lock  10  feet  lift,  witli  walls  of  10  feet  additional  height. ..       71, 388  00 

>                                                                                                           75, 791. 50 

c     Station  565  to  570.— Rock  excavation,  500  X  2  X  60  =  60,000  cubic  feet 

I-         =  2,222  cubic  vards.  at  $3 6,666;00 

r 3    Station  594  to  595  -f  50.— Rock  excavation,  150  X  1.5  X  60  =  13,500  cubic  -^ 

j;         feet  =  500  cubic  yards,  at  $3 1,500  00 

«     Station  595.— Dam  500  feet  long,  3  feet  high  =  18,750  cubic  feet  =  694  *  V 

cubic  yards,  at  $3.50 2, 429100 

Station  630.— Dam  175  feet  long,  14  feet  high  =  71,050  cubic  i , 

feet  =  2,631  cubic  yards,  at  ^.50 $9,208  50  ' 

liOck  11  feet  lift,  with  walls  of  10  feet  additional  height  ..      75, 606  00 


84. 814^50 


87.281  00 


129,544  50 


119,937  0« 


84,778  5# 


81,836  00 


79,088  50 

Station  944.— Draw  in  bridge  of  Western  and  Atlantic  Railroad 20, 000  00 

Station  950.— Dam  325  feet  Ions,  12  feet  high  =  101,400  cubic 

feet  =  3,755  cubic  yards,  at  $3.50 13,142  50 

lx>ck  8  feet  lift,  with  walls  of  10  feet  additional  height. ...      63, 300  00 

76, 442  60 
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Stations  977  to  982.  ~  Rock  excavation,  60  X  100  X  (1.0  +  0.75  +  1.0 

+0.5)  =  19,500  cnbicfeet=722  cubic  yards,  at  $3 18,166 

I  Station  1012.~Dam  300  feet  long,  9  feet  high  =  56,060  cubic 

feet=2,150cubic  yards,  at  13.50 7,525  00 

Lock  5i  feet  lift,  with  walls  10  feet  additional  height 53, 970  00 

61,l» 

Station  1207. — Stilesborough  Bridge  to  be  removed  after  being  boogbt 

for 15,0W 

Station  1138.~Dam  325  feet  long,  10  feet  high  —  74,750 

^       cubic '-et  =  2,769  cubic  yards,  at  $3.50 $9,69150 

Lock  7  leet  lift,  with  walls  of  10  feet  additional  height ....      59, 477  00 

69,  lee 

Station  1233.~Dam  275  feet  long,   11  feet  high=74,113 

cubic  feet=2,745  cubic  yards,  at  $3.50 $9,607  50 

Lock  8  feet  lift,  with  walls  of  10  feet  additional  height.. ..      63, 300  00 

^  72,90! 

Station  1303. — Draw  in  bridge  of  Rockmart  Railroad 15,0(X 

Station  1526.~Dam  250  feet  long,  12  feet  high =78,000  cubic 

feet=2.889  cubic  yards,  at  $3.60 10,111  50 

Lock  11  feet  lift  with  walls  of  10  feet  additional  height ....      75,  Q06  00 

86,71' 

Stations  1593  and  151)6+75.— Rock  excavation,  100  X  60  x 

(1  +  2  +  1)  =  24,000  cubic  feet  =  889  cubic  yards,  at  $3 2,66 

Station  1716+50.— Dam  300  feet  long,  10  feet  high  =  69,000 

cubic  feet  =  2,566  cubic  yards,  at  $3.50 8,946  00 

Lock  7  feet  lift,  with  10  feet  additioual  height  of  walls 59, 477  00 

I  68,48 

\  Station  I860.— Dam  300  feet  long,   12  feet  high  ^  93,600 

cubic  feet  =3,467  cubic  yards,  at  $3.50 12,134  50 

\  Lock  8  feet  lift,  with  walls  of  10  feet  additional  height ....      63, 300  00 

75,42 

'  Station  2064. — Dam  from  right  shore  to  head  of  island,  600 

feet  long,  10  feet  high  =  138,000  cubic  feet  =  5,111  cubic 

yards,  at  $3.. 50 17,« 

^                             Station  2081.— Lock  11  feet  lift,  with  walls  of  10  feet  addi- 
tional height 75, 6< 

Station  2211  +  50.— Dam  375  feet  long,  12  feet  high  =  1 17,000 

cubic  feet  =  4,333  cubic  yards,  at  $3.50 15,165  50 

Lock  8  feet  lift,  with  waUs  of  10  feet  additional  height ...      63, 300  00 

!  ■  78, « 

I  Stations  2238  to  2249.— Rock  excavation  (1x60x75)  + 

h  (1X60X100)    +     (0.5X60X125)    +    (1x60x140)  = 

I  22,650  cubic  feet  =  839  cubic  yards,  at  $3 2,5 

!  i  Station  2325.— Dam  276  feet  long,  9  feet  high  =  53,212  cubic 

l\  feet=l,971  cubic  yards,  at  $3.50 6,898  50 

I  Lock  5  feet  lift,  with  walls  of  10  feet  additional  height ...      52, 185  00 

Station  2364.— Rock  excavation,  1.5  X  60  x  200  =  18,000 
cubic  feet=6e7  cubic  yards,  at  $3 2,0 

Station  2466.— Dam  250  feet  long,  14  feet  high= 101,500 
cubic  feet=3,759  cubic  yards,  at  $3.50 13, 156  50 

Lock  11  feet  lift,  with  walls  of  10  feet  additional  height. . .      75, 606  00 

— — — — ^— —  88  7 

Station  2780.— Dam  400  feet  long,  11   feet  high  =  106,800 

cubic  feet=3,956  cubic  yards,  at$3.50 13,842  50 

Lock  7  feet  lift,  with  walls  of  10  feet  additional  height ....      59, 477  00 

• 73  3 

Station  2940.— Dam  350  feet  long,  11  feet  high, =94,325 

cubic  feet  =  3,493  cubic  yards,  at  $3.50 12,225  50 

Lock  7  feet  lift,  with  walls  of  10  feet  additional  height. ...      59, 477  00 

71,7( 

Stations  2945, 2947,  and  2951.— Rock  excavation  (60  x  1.0  X 

25)  +  (60  xlX40)  +  (60xlX  110)  =  10,500  cubic  feet 

=389  cubic  yards,  at  $3 1,11 

Station  3026.— Dam  400  feet  long,  10  feet  high  =  9,200  cubic 
feet=3,408cubiciyrards.  at$3.50 11,928  00 

Leek  7  feet  lift,  wit£  walls  of  10  feet  additional  height.. .      59, 477  00 

ri.  40 


APPENDIX   V.  1701 

3188.— Dam  300  feet  long,  10  feet  high =69,000 

eiibicfeet=:2,556  cubic  yards,  at  $3.50 $8,946  00 

liOok  7  feet  lift,  with  walls  of  14  feet  additional  height. . . .      75, 606  60 

$84, 552  00 

Station  3284. — Howard  street  wagon-bridge ;  draw  required 10, 000  00 

Station  3299.— Dam  250  feet  long,  9  feet  high =48,375  cubic 

feet=  1,792  cubic  yards,  at  $3.50 6,272  00 

:ijOok  5  feet  lift,  with  walls  of  16  feet  additional  height ....      75, 606  00 

—————  81  878  00 

Station  3302+50.— Bridge  at  Selma,  Rome,  and  Dalton 

Sailroad;  draw  require 20,000  00 

Station  33^.— Broad  street  wagon>bridge ;  draw  necessary 10, 000  00 

Total 2,276,663  00 


V  la. 

IMPROVEMENT  OF  THE  OCMULGEE  RIVER,  GEORGU. 

This  river  by  its  janction:  with  the  Oconee  forms  the  Altamaha,  and 
famishes  a  natural  ontlet  for  the  lamber,  cotton,  and  other  heavy  pro- 
ducts of  a  large  section  of  Central  and  Southeastern  Georgia.  -^ 

Below  Macon  the  Ocmulgee  flows  through  a  heavily-timbered  alluvial 
country,  and  its  channel  is  therefore  quite  tortuous  and  shifting,  and, 
as  would  naturally  be  expected,  the  principal  obstructions  are  caused 
either  directly  or  indirectly  by  the  caving  in  of  the  banks.  The  trees 
that  are  undermined  fall  into  the  channel  and  form  snags,  and  in  many 
eases  sunken  rafts  which,  by  retaining  silt,  form  bars,  and  render  the 
channel  impassable  at  low- water  and  unsafe  at  all  times.  The  improve- 
ment consists  almost  entirely  of  the  removal  of  these  obstructions,  and 
of  the  overhanging  trees  which  are  liable  to  become  such.  In  a  few 
cases,  as  at  Hubbwd's  Shoals,  rocks  form  the  obstruction,  but  there  will 
be  much  less  rock  excavation  than  was  originally  supposed.  The  work 
ifi  done  by  a  small  force  of  hired  laborers,  provided  with  steam  derrick 
boats  and  other  suitable  appliances. 

The  steamer  Clyde,  which  was  employed  on  the  work  at  the  beginning 
of  the  year,  was  discnarged  in  September,  and  the  force  was  employed 
in  building  a  new  steam,  derrick  boat,  which  was  finished  and  put  to 
work  in  the  channel  in  December. 

During  the  year  963  snags  and  84  overhanging  trees  were  removed. 
The  snags  are  reported  to  have  been  unusually  difficult  to  remove  on 
account  of  their  large  size,  the  high  water,  and  the  fact  that  they  were 
generally  located  in  the  middle  of  the  channel. 

It  is  exx>ected  that  the  more  serious  obstructions,  between  the  mouth 
of  the  Ocmulgee  and  Hawkinsville,  will  be  removed  in  time  to  aUow  the 
cotton  crop  this  year  to  be  shipped  by  steamboat. 

The  following  extract  from  the  report  of  Assistant  Engineer  B.  W. 
Frobel  will  give  an  approximate  idea  of  the  amount  of  commerce  on  this 
river: 

During  the  past  year  work  in  the  Ocmulsee  has  been  co^^ed  to  that  portion  of  it 
between  its  month  and.Fodderstack  Cut,  aooat  65  miles ;  l,i34  snags  have  been  taken 
•«t,  and  most  of  these  very  large  and  deeply  imbedded  in  sand.  In  one  instance  a 
CTpress  stnmp  was  taken  from  mid-channel,  measuring  144  inches  at  a  point  even  with 
the  surface  of  the  fpround  when  standing.  One  of  the  worst  places  on  the  river, 
known  as  Dick  Swift  Cut,  employed  the  force  several  weeks ;  the  current  here  is 
impid,  and  the  channel  filled  with  logs  and  stumps,  it  was  the  terror  of  boatmen  and 
nJtsmen.  Most  of  the  logs  have  been  removedi  and  boats  drawing  4  feet  can  now 
at  low- water ;  a  week  or  two  more  will  clear  it  entirely. 
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From  Barrow's  Bluff  to'  Jacksonville  (about  3  miles)  the  river  was  so  filled  wilii  logi 
that  it  seemed  like  one  great  raft.  This  has  been  removed  and  Swain's  Cot  elettsl 
out.  The  river  was  so  obstructed  here  that  boats  could  not  pass  at  ordinary  witef ; 
there  is  no  difficulty  now. 

A  neat  number  of  isolated  logs  have  been  taken  out  between  Jacksonville  and  Did 
SwitI,  54  of  these  having  been  found  above  Guilder's  Bluff.  From  Barrow's  to  Aib^ 
ley's  Cut,  a  great  number  of  isolated  logs  were  removed.  The  cut  was  found  to  W 
filled  with  a  great  raft,  nearly  closing  the  passage,  while  a  sand-bar  at  the  lower  tti 
rendered  the  water- way  so  narrow  and  tortuous  that  it  was  very  difficult  for  a 
empty  boat  to  pass.  Tne  logs  have  been  taken  out,  and  the  sand-bank  has  watM 
away ;  there  is  now  ample  water  for  a  boat  drawing  4  feet.  From  this  point  to  S«- 
ben's  Cut  many  isolated  logs  were  removed.  The  cut  has  continued  to  widen  ui 
deepen ;  the  old  river  is  rapidly  closing,  and  neai'ly  the  whole  volume  of  water  paaei 
through  the  cut.  Boats  and  rafts  pass  here  without  difficulty.  There  are  some  10  « 
12  feet  in  the  channel,  and  no  snags.  Trees  sometimes  come  in  from  washing  of  \it 
banks,  and  these  have  to  be  looked  afU^r.  From  this  point  to  Horse  Creek  the  osij 
obstacles  met  with  were  isolated  snags ;  these  were  numerous. 

At  Horse  Creek  there  was  a  raft  of  sunken  logs,  known  as  ''Horse  Creek  snap.* 
These  have  been  taken  out.  Below  this  is  a  place  very  dangerous  for  rafts,  known  n 
Lower  Winslow  Point.    A  sketch  of  this  point  is  herewith  inclosed. 

Boats  pass  here,  but  for  the  convenience  of  rafts  the  cut  into  the  lake  or  old  rinr 
rtiould  be  opened.  Booms,  such  as  I  described  to  you  in  a  previous  letter,  shooM  be 
placed  across  several  sucks  or  breakovers  for  the  reasons  stated. 

Immediately  above  Burkett's  Ferry  a  very  dangerous  rock  was  reported  by  pilots  ii 
mid-channel.  This  rock  was  recently  fished  out,  and  proved  to  be  an  immense  cypres 
stump. 

There  are  no  obstacles  brtween  Bnrkett's  Ferry  and  Hubbard's  Shoal  except  lofi 
I  I  most  of  these  have  been  removed. 

I  ,  In  all  parts  of  the  river  some  logs  yet  remain  ;  these  have  been  missed  during  high- 

water,  but  are  not  serious  obstacles  except  at  seasons  of  extraordinary  low-watct. 
such  as  we  had  in  1879.     When  such  low-water  again  occurs  they  can  be  gotten  o«l 

It  has  not  been  possible  to  remove  them  during  such  high- water  as  has  preTiik^ 
during  the  past  wmter.  At  Hubbard's  Shoal  the  deepest  water  was  fiiled  with  log\ 
forcing  boats  to  make  their  way  over  the  shallower  portion  of  the  rock  bar.  The  k^ 
have  been  removed  and  since  then  the  pilots  have  not  complained.  Work  will  m 
doubt  be  needed  to  secure  a  free  passage  at  extreme  low-water. 

At  Tilman's  Bar  there  iire  some  7  or  ti  feet  at  low-water ;  from  this  point  to  the  nKWik 
of  the  river  the  channel  is  clear. 

In  December  last  the  snag-boat  Mc Arthur  was  ready  for  service  and  dropped  dovi 
firom  Hawklnsville  to  the  mouth  of  the  river. 

Work  was  begun  here  removing  logs  that  lay  in  mid-channel ;  many  of  these  ww 
■o  deeply  buried  in  sand  that  we  nad  not  until  then  the  power  to  lift  them.  Many  d 
these  were  found  between  the  mouth  of  the  river  and  the  Macon  and  Brunswick  RiO- 
road  bridge,  some  that  interfered  with  steamboat  navigation,  and  many  others  tkit 
seriously  endangered  rafts :  upon  some  of  these  logs  a  great  number  of  raits  are  mii 
to  have  been  wrecked.    All  of  those  known  to  river  men  have  been  removed. 

The  snag-boat  has  gradually  worked  her  way  up  stream  and  is  now  above  Did 
Swift  and  about  65  miles  from  the  mouth  of  the  river.  *'  *  •  From  Foddersiadi 
Cut  to  Lampklns,  f  of  a  mile  or  more,  was  one  of  the  worst  places  on  the  river. 

The  channel  seemed  to  be  a  sunken  raft  covered  with  sand  through  which  tk 
branches  and  roots  of  trees  stuck  up  so  thick  that  a  boat  drawing  15  inches  ooald  w* 
pass.  I  am  satisfied  that  the  jetty  system  adopted  here  and  on  the  Oconee  wiU  cut 
all  trouble  from  sand-bars.  Such  jetties  are  easily  constructed  and  will  never  wtd 
away. 

Three  steamboats  are  now  plyiug  upon  the  Lower  Ocmulgee.     They  make  trip 
from  Darien  and  Savannah  to  Wilcox's  Lake  and  Hoi  lings  worth's  Lauding,  frui 
to  100  miles  from  the  mouth  of  the  Ocmiilgoe.    Two  (ither  boats  are  building,  one 
Tilman's  Landing,  and  the  other  at  Hawkiusville,  while  others  still  are  in  contempt 
tion. 

During  the  first  four  months  of  the  year  there  was  landed  and  shipped  from  tk 
railroad  station  at  the  Macon  and  Bnmswick  Railroad  bridge,  the  following  articlo 
Guano  8,228  sacks ;  rosin  and  spirits  turpentine,  2,259  barrels;  cotton,  338  bales,  sb^ 
a  fraction  less  than  200,000  pounds  merchandise,  including  com  and  bacon. 

As  this  is  but  a  way  station  from  which  freight  must  be  transhipped  by  rail  tnm 
either  direction,  it  is  not  likely  that  any  large  proportion  finds  its  way  here  but  gw 
in  bulk  to  Darien  or  Savannah,  or  from  these  points  up  the  river. 

In  Ilawkinsvillc  about  |1, 000, 000  worth  of  supplies  of  various  kinds  are  distnbotti 
and  20,000  bales  of  cotton  are  received  annually. 

Cotton  is  shipped  now  by  rail  to  Savannah  at  a  cost  of  $1.80  per  bale;  by  riTerit 
could  be  shipped  for  $1,  or  less.    This  cotton  is  worth  $1,000,000;  100,000  pooDdstf 
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wool,  Talaed  at  $33,000,  is  alao  shipped  from  here,  while  60,000,000  feet  of  lumber  are 
also  rafted  annually  out  of  the  Ocmnlg[ee. 

Arrangements  are  being  made  to  ship  cotton  to  Savannah  by  water  so  soon  as  the 
river  is  open.  Below  Hawkinsville  some  3,000  to  4,000  bales  of  cotton  are  raised,  and 
this  more  accessible  to  the  river  than  to  other  transportation.  According  to  the  report 
«f  sliipments  from  Ocmulgee  Station,  lower  down,  an  average  of  1,000  bales  is  annually 
received  from  the  river  at  that  point,  and  this  does  not  coVer  the  entire  amount  pro- 
duced within  range  of  the  river. 

Inhere  are  a  great  many  turpentine  stills  scattered  through  this  section.  These  are 
«eeking  the  heavy  forests  along  the  river  where  transportation  can  be  had. 

All  these  interests  suffer  on  account  of  the  obstructions  in  the  river,  but  most  of  all 
the  lumber  trade ;  so  great  are  the  losses  from  this  cause,  that  one  Arm  (the  Georgia 
JLand  and  Lumber  Company)  has  offered  to  give  the  necessary  timber  for  the  booms, 
and  furnish  to  the  government,  free  of  cost,  twenty  or  more  hands  to  work  on  the 
river. 

The  original  estimate  for  improving  the  Ocmulgee  River,  (Georgia,  was..  .  $56,240  00 

Amount  appropriated 44,000  00 

Amount  expended 35,891  69 

Money  statement 

July  1,  1879,  amount  available $13,010  39 

Amount  appropriated  by  act  approved  June  14,  1880 7, 000  00 

$20, 010  39 

July  1,  1880,  amount  expended  during  fiscal  year 11, 902  08 

July  1,  1880,  outstanding  liabilities 524  45 

12, 426  53 

July  1,  1880,  amount  available 7,583  86 

Amount  (estimatetl)  required  for  completion  of  existing  project 12, 240  00 

Amount  that  can  be  profitably  expended  in  fiscal  year  ending  June  30, 1882.     12, 240  00 


Vi3, 

IMPROVEMENT  OF  OCONEE  RIVER,  GEORGIA. 

The  description  jast  given  of  the  Ocmnlgee  Eiver  and  its  obstructions, 
and  the  method  of  improvement  adopted,  is,  without  material  alteration, 
applicable  to  the  Oconee. 

At  the  beginning  of  the  fiscal  year  the  new  steam  derrick-boat,  built 
at  Milledgeville,  had  just  worked  its  way  down,  with  much  difiicnlty, 
through  snags,  rafts,  &c.,  to  the  Georgia  Central  Railroad  bridge^  which 
formed  the  upper  limit  of  the  work  authorized  by  the  appropriation  act. 
From  this  point  she  worked  down  the  river,  removing,  en  route^  565 
enags,  and  13  overhanging  trees,  reaching  Dublin  on  the  21st  of  Janu- 
ary, since  which  time  she  has  been  at  work  between  Dublin  and  the 
mouth  of  the  river,  where  she  has  removed  235  snags  and  7  overhanging 
trees. 

Further  details  relating  to  work,  and  to  the  advantages  to  be  expe<^ted 
irom  it,  are  given  in  the  following  extract  from  the  report  of  Assistant 
Engineer  B.  W.  Frobel : 

The  work  on  this  part  of  the  river  (below  Dublin)  so  far  satisfies  me  that  the  esti- 
mate of  $35,000,  submitted  some  time  ago,  will  cover  the  cost  of  improving  it  from  its 
month  to  Dublin.  There  are  no  rock  shoals  here  that  cause  serious  trouble.  Logs 
and  sand-bars,  which  result  from  sunken  logs,  are  the  difficulties  in  the  way  jnst  now, 
and  jetties,  such  as  those  at  Buckeye  Creek,  will  probably  cure  these  troubles. 

There  are  a  great  many  sucks  and  breakovers,  similar  to  those  on  the  Ocmnlgee. 
These  are  dangerous  and  often  destructive  to  rafts.  Booms,  similar  to  those  I  have 
recommended  Tor  the  Ocmulgee,  should  be  placed  across  them.    They  are  generally 
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not  troublesome  nntil  the  water  rises  5  or  6  feet,  then  it  rushes  with  great  Tiokme 
through  them,  and  rafts  are  drawn  in  and  wrecked.  One  such  ''  sack"  on  the  Ocanoi- 
gee  costs  the  Georgia  Land  and  Lumber  Company  $1,000  yearly  in  this  way.  In  tome 
oases  trees  near  the  banks  can  be  used  to  anchor  the  booms,  instead  of  pUes.  Wb«i 
necessary  a  pile-driver  can  be  rigjB^ed  on  either  of  our  boats  with  little  cost. 

There  are  three  steamboats  plying  on  this  river  and  a  large  barge.    Another  ftetis- 
boat  will  soon  be  built  fbr  the  same  purpose.    One  of  these  boats  (the  Colville)  dis- 
tributed during  the  past  spring  3,000  tons  guano.    Fifteen  thousand  bales  of  cottoi 
are  annually  raised  within  easy  reach  of  the  landings,  worth  $750,000.     Laurens  and 
Montgomery  counties  alone  -produce  300,000  pounds  wool.    There  are  two  turpentiM 
distilleries  on  the  banks  of  the  river.    One  of  these  produces  6,000  barrels  rosin  and 
800  barrels  spirits  of  turpentine,  and  the  one  which  has  just  been  built  is  of  equal  ca- 
pacity.    Between  30,000,000  and  40,000,000  feet  of  lumber  are  also  floated  anonally 
out  of  this  river.    This  trade  suffers  seriously  from  an  obstructed  river.     All  the  peopla 
employed  in  these  various  industries  have  their  chief  and  almost  only  means  of  tnoa- 
portation  furnished  by  the  river.    The  value  of  products  seeking  this  route  does  mi 
fall  much  below  $1,200,000,  while  supplies  of  all  kinds,  including  com  and  bseoo, 
along  a  line  of  200  miles  of  navigable  water  aro  all  transported  over  it,  and  in  the  ag- 
grogate  amount  to  a  very  large  sum.    The  agent  at  Ocmnlgee  Depot  reports  1m 
200,000  pounds  of  merohandise  wero  shipped  up  the  Ocmnlgee  from  that  pomt  ditniti 
the  past  four  months.    The  people  on  the  Oconee  are  more  dependent  upon  liTcr 
transportation,  and  we  must  remember  that  as  these  boats  ply  from  Darien  and  Savaa- 
nah  most  of  their  freights  aro  shipped  from  those  points. 

'     It  will  probably  be  necessary  to  keep  a  snag-boat  employed  on  th» 
river  for  several  years,  at  an  annual  cost  of  about  $3,000. 

This  work  is  in  the  collection  district  of  Brunswick,  Ga. 

The  estimates  made  for  this  work  were $15,000  00 

Amount  appropriated 13,000  01 

Amount  expended 10,723  6 

The  original  estimate  just  given  was  made  by  Mr.  Gould  in  1874  (see 
Eeport  of  Chief  of  Engineers,  1875,  pp.  42  to  45),  and  it  is  now  evident 
that  a  much  larger  sum  will  be  required  to  remove  all  the  obstructioiis 
to  low- water  navigation.  Assistant  Engineer  Frobel  states  that,  from 
a  recent  examination,  it  will  cost  $35,000  to  complete  the  improvetpent 
from  Dublin  to  the  mouth  of  the  Oconee,  and  gives  the  following  reasons 
for  the  discrepancy  in  the  estimates : 

I  would  respectfully  invite  your  attention  for  a  moment  to  the  difficulty,  and  I 
might  SRy  impossibility,  of  arriving  at  anything  like  certainty  in  estimating  the  num- 
ber of  logs  in  rivers  of  this  character.  Mr.  Gould  places  the  entire  number  of  ]om  and 
snags  between  the  bridge  and  Dublin  at  275.  Five  hundred  and  fourteen  have  aiieadj 
been  taken  out,  and  there  are  still  several  places  where  more  work  is  needed,  probably 
I  sufficient  to  employ  a  boat  and  party  two  or  three  months. 

Should  Congress  therefore  decide  to  complete  this  work  in  accordance 
\  with  the  foregoing  suggestions  the  estimate  of  cost  mast  be  increased 

$35,000. 

Maney  statement 

July  1;  1879,  amount  available $7,317  85 

Amount  appropriated  by  act  approved  June  14,  1880 1, 500  00 

July  1,  1880,  amouut  expended  during  fiscal  iy«ar 6, 541  50 

July  1,  1880,  outstanding  liabilities ^ 3»7  16 

6,938  ff 

*  ^ 

1  July  1,  1880,  amount  available 1,879  t9 

Amouut  (estimated )  required  for  completion  of  existing  project 2, 000  0^ 

Amouut  that  can  be  profitably  expended  in  fiscal  year  ending  June  30, 1882.  10, 000  0^ 
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V  14. 

survey  of  chattahoochee  river  above  columbus,  georgia. 

United  States  Engineer  Office, 
Chattanooga^  Tenn.^  November  19, 1879, 

General  :  I  have  the  honor  to  submit  herewith  a  report  on  the  sur- 
vey of  the  Chattahoochee  Eiver  above  Columbus,  Ga.,  authorized  by 
appropriation  act  of  June,  1878. 

Steps  were  take  to  procure  instruments  for  beginning  this  survey 
earli^  in  the  season,  but  owing  to  the  prevalence  of  the  yellow-fever  epi- 
demic, which  interrupted  travel  and  threatened  to  overrun  this  whole 
section,  the  surveying  party  was  not  fairly  at  work  in  the  field  until 
January  8, 1879.  The  exceptionally  cold  weather  and  high  water  at  that 
time  rendered  it  difficult  and  tedious  to  make  the  survey ;  and  it  was  not 
until  the  6th  of  May  that  the  field  party,  having  completed  its  work,  was 
disbanded. 

Mr.  D.  L.  Sublett  was  detailed  to  make  this  survey,  with  orders  to  re-, 
port  for  additional  instructions  to  Assistant  Engineer  B.  W.  Ftobel,  at 
Atlanta. 

For  reasons  not  necessary  here  to  state,  the  report  of  Mr.  Sublett  waa 
not  completed  so  far  as  the  estimates  were  concerned,  but  in  justice  to 
both  of  these  gentlemen  and  in  order  to  secure  the  full  weight  of  their 
opinion  as  to  the  practicability,  cost,  and  other  matters  upon  which  they 
seem  to  have  arrived  at  different  conclusions,  I  append  both  reports  as 
they  were  submitted.  In  these  reports  will  be  found  a  full  description 
of  the  river  surveyed  and  of  the  proposed  method  of  improvement^ 
together  with  estimates  of  cost  and  statements  of  the  advantages  to  be 
expected  from  the  proposed  improvement.  To  avoid  repetition  I  shall 
refer  only  to  those  x>oints  which  appear  to  require  further  or  different 
consideration  from  that  given  in  the  appended  reports. 

The  most  important  element  to  be  considered  in  connection  with  the 
feasibility  of  this  improvement  is  the  amount  and  distribution  of  fall  to 
be  overcome  by  locks  and  dams. 

From  the  following  diagram  it  will  be  seen  that  the  entire  fall  betweea 
Thompson's  Bridge  (near  Gainesville)  and  Columbus,  a  distance  of  215 
miles,  is  751  feet,  and  that  this  fall  is  very  unevenly  distributed,  nearly 
one-half  of  it,  or  362  feet,  occurring  between  West  Point  and  Columbus,. 
in  a  distance  34  miles. 

The  improvement  of  the  second  section,  viz,  from  the  Western  and 
Atlantic  Railroad  bridge,  near  Atlanta,  to  West  Point,  appears  entirely 
feasible,  the  fall  being  only  102  feet  in  a  distance  of  108  miles,  and  there 
being  only  about  36  feet  of  this  fall  requiring  to  be  overcome  by  locks 
and  dams. 

The  feasibility  of  improving  either  the^r^^  or  third  sections,  whether 
considered  with  reference  to  the  magnitude  and  cost  of  such  works  as 
the  government  has  undertaken  elsewhere,  or  to  the  advantages  to  be 
expected  from  this  particular  improvement,  is  at  least  extremely  doubt- 
fiol,  since  the  cost  of  the  improvement  and  of  maintaining  and  operating 
the  necessary  locks  would  be  out  of  all  proportion  to  the  advantage  to 
be  di'rived  from  it.  This  will  be  apparent  from  the  following  estimates. 
In  preparing  these  estimates  the  following  principles  have  I^n  kept  in 
view: 

1.  The  locks  must  not  only  provide  for  the  actual  fall  of  the  river  at 
low-water,  but  each  lock  must  have  a  sufficient  lift  to  allow  for  at  least 
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an  ordinary  high-water  stage.  It  would  of  conrse  be  nseless  to  baM 
locks  which  would  be  overflowed  and  rendered  impassable,  and  p^hapi 
seriously  damaged  by  ordinary  floods.  Taking  the  average  rise  at  2S 
pjoints,  as  given  by  the  survey,  we  find  it  17j^  feet.  A  river  generally 
rises  less  above  a  dam  or  shoal  than  below  it,  but  we  could  not  safely 
reduce  the  above  average  on  that  account  more  than  one- third,  whi<i 
would  leave  11^  feet  as  the  least  average  rise  that  must  be  provided  for 
at  each  of  the  42  points  where  locks  would  be  required.  If  any  of  tiie 
locks  were  grouped  together  in  a  closed  canal,  this  would  apply  to  the 
upper  lock  only;  but  they  are  all  in  the  bed  of  the  river,  and  detached 
from  each  other.  It  is  necessary,  therefore,  that  in  addition  to  the  42 
locks  estimated  for  to  overcome  the  fall  of  the  river,  averaging  11.04 
feet  lift  feet  each,  there  must  be  42  mor^  guard  or  regulating  locks,  aver 
aging  11 J  feet  lift  each,  to  provide  for  the  ordinary  changes  of  water-leveL 
In  three  or  four  cases  the  difficulty  could  be  overcome  by  giving  addi- 
tional lift  to  the  locks  already  estimated  for,  but  at  all  other  points  this 
would  give  a  lift  greater  than  would  be  economical,  and  additional  locks 
would  be  cheaper. 

2.  It  would  not  be  allowable  to  use  timber  in  either  locks  or  dams, 
except  where  it  would  certainly  be  kept  wet  at  all  times.  In  this  climate 
even  the  best  yellow-pine  timber,  if  alternately  wet  and  dry,  lasts  bat 
a  few  years,  and  if  it  were  exposed  to  the  weather  in  this  work  it  is 
certain  that  before  half  of  the  locks  required  for  the  improvement  could 
be  built,  by  anything  like  ordinary  appropriations,  the  first  ones  would 
be  rotten  and  unserviceable.  It  is  not  safe,  therefore,  to  estimate  for 
anything  short  of  substantial  rubble  masonry  or  concrete.  A  single 
one  of  the  84  locks  getting  out  of  order  would  obstruct  navigation  ^ 
render  the  whole  improvement  useless  for  the  time  being,  and  it  is  there- 
fore important  that  nothing  but  durable  materials  should  be  indroduoed. 

3.  As  this  proposed  improvement  is  for  ftiture  rather  than  present 
use,  and  as  the  locks  when  once  made  cannot  be  easily  enlarged^  the 
size  of  the  locks  should  be  such  as  to  omit  the  largest  steamer  that 
would  be  likely  to  come  up  the  river  at  any  time  within  the  next  fif^ 
years.  The  proper  dimensions  to  accomplish  this  are  of  course  a  mat- 
ter of  opinion,  but  it  would  seem  probable  that  boats  200  feet  long  and 
40  feet  over  all  may  at  no  distant  day  navigate  the  Lower  Chattahoo- 
chee; and  if  so,  the  locks  should  be  capable  of  passing  them. 

4.  The  cost  of  excavating  sites  for  locks  and  leveling  up  to  gndib 
will  vary  according  to  the  location  and  nature  of  materials  upon  whiok 
each  lock  is  founded,  and  the  survey  was  not  sufficiently  detailed  to  de- 
termine all  these  points ;  but  taking  the  average  actual  cost  of  5  locki 
at  Muscle  Shoals  as  a  basis,  we  may  conclude  that  this  item  of  expenai 
cannot  fall  short  of  $9,000  tor  each  lock.  The  locks  at  Muscle  Shoab 
were  exceedingly  favorably  located,  the  strata  of  limestone  being  neariy 
horizontal,  and  there  wa^  but  little  expense  for  coffer-iiams.  These  con- 
siderations would  more  than  compensate  for  the  difference  in  the  size  oi 
the  locks.  The  average  cost  of  prepating  sites  for  5  locks  was  $8,615 
exclusive  of  engineering  and  contingencies. 

5.  The  cost  of  gates  and  wickets,  and  the  necessary  winches,  &c.,  for 
operating  them,  will  not  fall  short  of  $5,000  for  each  lock  of  average  lift, 
viz,  11  +  feet. 

6.  The  annual  cost  of  maintaining  and  operating  the  proposed  locks 
and  dams  should  be  considered  with  reference  to  the  probable  amount 
of  commerce  that  would  be  created  and  benefited  by  the  improvement 
This  is  more  especially  a  question  to  be  decided  by  Congress,  but  as 
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bearing  apon  the  subject  I  have  added  an  estimate  of  the  probable  cost 
of  maintenance,  capitalized,  which  represents  the  minimum  expenditure 
that  can  be  expiected.  The  smallest  force  of  lock-tenders  that  could  be 
expected  to  work  the  locks  and  attend  to  minor  repairs  would  be  4  men, 
which,  at  $1  a  day  each,  for  the  42  places  where  locks  will  be  required, 
would  cost  $168  per  diem,  or  $61,320  per  annum,  which  capitalized  at 
4  per  cent,  would  represent  a  permanent  investment  of  $1,533,000. 

7.  Another  very  considerable  item  of  expense  would  result  from  the 
toll-bridges,  railroad -bridges,  and  mill-dams  along  the  river,  which  would 
be  more  or  less  interfered  with.  This  would  require  the  payment  of 
damages  to  the  private  owners,  or  would  involve  additional  expense  in 
the  work  itself  to  avoid  interfering  with  these  structures,  of  which  there 
are  at  least  a  dozen  between  Gainesville  and  Columbus.  The  amount 
of  money  involved  can  only  be  ascertained  by  a  careful  examination  into 
the  circumstances  of  .each  case.  The  question  of  overflowing  private 
lands  would  also  be  liable  to  add  materially  to  the  cost  of  the  proxK)sed 
improvement. 

8.  As  to  the  amount  of  commerce  that  may  be  anticipated,  it  may  be 
suggested  that  the  river  is  crossed  by  four  railroads,  and  is  nowhere 
more  than  15  miles,  and  on  an  average  only  about  7  miles,  from  a  rail- 
road ;  and  the  general  direction  of  the  river  is  nearly  at  right  angles  to 
the  lines  which  commerce  naturally  seeks,  from  the  great  Mississippi 
Basin  to  the  Atlantic  Ocean.  It  is  not  likely,  therefore,  to  form  a  link 
in  any  through  or  trunk  route. 

9.  Should  Congress  decide  to  commence  work  on  one  or  more  sections 
of  this  river,  it  is  earnestly  recommended  that  at  least  one-third  of  the 
amount  estimated  for  the  proposed  work  be  appropriated  the  first  year. 
For  example,  if  the  second  section  is  appropriated  for,  the  amount  should 
be  one-third  of  $486,474,  or  say  $160,000.  In  beginning  a  large  work 
of  this  kind,  a  considerable  outlay  is  necessary  for  machinery,  tools,  and 
supplies,  9'nd  unless  due  allowance  is  made  for  these  items,  which  are 
necessary  for  the  economical  prosecution  of  the  work,  the  wnole  appro- 
priation will  be  exhausted  in  preliminary  operations,  without  making 
any  progress  with  the  actual  work  of  improvement. 

It  is  also  to  be  remembered  that  no  advantage  whatever  will  be  de- 
rived from  the  money  expended  until  a  sufficient  length  of  the  river  is 
made  navigable  to  induce  private  parties  to  build  steamboats  and  engage 
In  commerce. 

BSTIMATR. 

0EcnoN  I. — Thompson's  Bridge  to  Western  and  Atlantic  Railroad  Bridge, 

73  miles. 

Channel  excavation,  3,669  cabic  yards,  at  $5 |L8,34S 

Canal  excavation,  400  cubic  yards,  at  $3 1,200 

Timber  for  damij,  1,888,356  feet,  at  $J&  per  M 28,325 

Stone  in  crib-dams,  41,931  cubic  yards,  at  $1    ...., 41,931 

(These  four  items  from  Assistant  tlngineer  FrobeFs  estimate.) 
t8  locks,  7  to  16  feet  lift,  averaging  11  feet,  at  an  average  cost  of  $42,140 

each,  including  excavation,  foundation,  gates,  wickets,  d:c 1, 179, 920 

1,269,721 
Add  20  per  cent,  for  engineering  and  contingencies 253  944 

I  t  1,52:^,665 
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Section  II. — Wbstern  and  Atlantic  Railroad  Bridge  to  Wkst  Point,  Ga.,  108 

MILES. 


?^ 


%^^ 


I   ^ 


Channel  excavation,  10,773  cubic  yards,  at  $5 $53, 8& 

Wing  and  riprap  dams,  3,225  cubic  yards,  at  $2.10 6,773 

Timber  for  dams,  9^1,594  feet  board  measure,  at  $15  x>er  M 13,^ 

Stone  in  crib-dams,  13,121  cubic  yards,  at  |1 13,121 

Iron  drift-bolts,  &c..  6,213  pounds,  at  6  cents 37) 

(These  five  items  nrom  Assistant  Engineer  FrobeFs  estimate.) 
8  locks,  6  to  11  feet  lift,  averaging  10  feet  lift,  at  an  average  cost  of  $39,680 

each,  including  excavation,  foundation,  gates,  wickets,  &c 317, 440 

Add  20  per  cent,  for  engineering  and  contingencies 81,079 

486,474 

Section  III. — ^West  Point,  Ga.,  to  Columbus,  Ga.,  34  miles. 

Channel  excavation, 9,717  cubic  yards,  at  $5 $48,585 

CaHal  excavation,  17, 777  cubic  yards,  at  $1 17,777 

Timber  for  dams,  6,322,704  feet  board  measure,  at  $15  per  M 94, 840 

Stone  in  crib-dams,  138,051  cubic  yards,  at  $1 138,051 

(These  four  items  from  Assistant  Enginf^r  Frobel's  estimate.) 
48  locks,  lift  from  7  to  16  feet,  averaging  11|  feet,  at  an  average  cost  of 

$43,430  each,  including  excavation,  founaations,  gat«e,  wickets,  Slc 2, 084, 640 

2,383,893 
Add  20  per  cent,  for  engineering  and  contingencies 476, 779 

2,860,972 

Total  cost  section  1 1, 523, 665 

Total  cost  section  II 4<j6,474 

Total  cost  section  III 2,860,672 

4, 870. 811 
Add  annual  cost  of  operating,  capit-alized  at  4  per  cent 1, 533, 000 

Aggregate 1.  6,403,811 

The  maps  of  this  survey  cousist  of  a  large  number  of  detailed  sketches^ 
showing  the  principal  obstructions,  and  location  of  proposed  improve- 
ments, and  will  be  forwarded  as  f^oon  as  they  are  copied. 
Very  respectfully,  your  obedient  servant, 

W.  R.  King, 
Major  of  Engineem. 
The  Chief  of  Engineers,  U.  S.  A. 


REPORT  OF  MR.   B.   W.   FROBEL,   ASSISTANT  ENOINKSIU 

Atlanta,  Ga.,  Jkly  5,  1879. 

Major  :  I  have  the  honor  to  snbmit  the  following  report  of  a  snrvey  of  the  Chatta- 
hoochee River  from  Thompson's  Bridge,  in  Hall  County,  to  Columbus,  Ga:,  made  under 
•fders  commnnicated  to  me  by  yon  December  3,  1878. 

On  the  10th  of  January,  1879,  the  survey  was  begun  at  Thompson's  Bridge,  the  field 
work  being  under  the  direction  of  Mr.  D.  L.  Sublett,  and  ended  on  the  5th  of  May  at 
Columbus.  The  weather  for  most  of  the  time  was  favorable  for  the  prosecution  of  field 
work,  with  an  unusually  low  stage  of  water  for  the  season. 

The  Chattahoochee  rises  in  Northeast  Georgia,  and  after  traversing  the  State  in  a 
southwest  direction  to  West  Point,  takes  a  course  nearly  due  south,  and  for  abont  409 
miles  forms  the  boundary  between  Georgia  and  Alabama.  It  then  enters  West  Florida, 
and  flowing  across  that  State  empties  into  the  Gulf  of  Mexico. 

From  the  seaboard  to  Columbus,  a  distance  computed  by  water  at  400  miles,  thers 
is  constant  navigation  for  boat«  capable  of  carrying  750  bales  of  cotton,  and  this  por- 
tion is  being  improved  by  the  removal  of  bars  and  other  obstructions. 
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The  river  paaeeB  through  the  following  counties  in  Florida,  which  in  1870  had.  ac- 
cording to  the  United  States  census,  an  aggregate  population  of  22,634,  viz :  Franklin, 
Ltiherty,  Calhoun,  Gadsden,  and  Jackson.  It  also  passes  along  the  following  counties 
in  Alabama :  Henry,  Barbour,  Kussell,  and  Chambers,  with  a  population  of  82,696, 
^while  in  Oeorgla  21  counties  are  adjacent  to  its  waters  with  a  population  of  231,719, 
making  an  aggregate  of  337,051  people  living  along  its  banks  from  where  the  survey 
began  to  the  Gulf  of  Mexico.  This  enumeration,  however,  was  made  in  1870.  Since 
then  the  population  in  some  of  these  counties  has  greatly  increased.  For  instance,  the 
population  of  Atlanta  in  1870  was  21,798 :  it  is  now  about  42,000,  or  double  what  it  was 
in  1870.  Adding  for  the  other  counties  10  per  cent,  of  increase,  we  have  about  400,000 
people  who  would  be  directly  benefited  by  the  proposed  work. 

The  .river  for  its  entire  length  flows  through  a  neh  and  highly  productive  country. 
The  census  of  1870  gives  $22,606,980  as  the  aggregate  value  of  farm  products  in  the 
counties  upon  its  banks.  This  value,  no  doubt,  has  been  much  increased  during  the 
ten  years  past,  and  would  be  greatly  increased  still  were  some  better  and  cheaper 
means  of  transportation  affordea  this  section.  The  census  of  1870  gives  1,240  factories 
and  workshops  of  every  description  in  the  counties  named,  employing  a  capital  of 
$6,398,603,  and  producing  annually  articles  whose  value  is  given  at  ^,166,466.  Of 
this  amount  $1,760,750  is  invested  in  cotton-factories,  12  of  which  run  80,000  spindles. 
Comprised  in  the  manufacturing  establishments  enumerated  above,  there  are  242  flour 
and  grist  mills,  134  saw-mills,  1  foundry,  21  tanneries  and  other  factories,  and  most  of 
these  situated  immediately  upon  the  Chattahoochee  and  its  tributaries.  The  great  gold 
region  lies  upon  the  waters  of  this  stream  and  around  the  head  of  the  proposed  im- 
provement. Much  of  this  country  is  rich  with  magnetic  iron  ore  and  other  minerals 
of  great  value  could  some  means  of  transportation  be  afforded. 

&  a  distance  Qf  nearly  700  miles  the  river  is  approached  by  railroads  but  six  times, 
Tiz :  near  Atlanta,  near  Newman,  at  West  Point,  at  Columbus,  at  Eufaula,  and  Chat- 
tahoochee. Above  Atlanta  the  counties  north  of  the  river  are  without  transportation 
•except  by  wagon-roads,  and  this  is  the  case  also  between  Atlanta,  West  Point,  and 
Columbus.  The  improvement  of  the  river  would  afford  a  cheap  and  certain  means  of 
eettin^  to  market  to  a  large  and  very  rich  agricultural  section.  Being  fed  principally 
Dy  living  streams,  it  is  not  subject  to  the  extreme  fluctuations  that  characterize  many 
other  rivers. 

For  convenience  the  survey  is  divided  into  three  sections.  The  first  section  embraces 
that  portion  from  Thompson's  Bridge  to  Western  and  Atlantic  Railroad  crossing. 

SECTION  I. 

This  section  is  73  miles  long,  the  initial  point  at  Thompson's  Bridge  being  989.02  feet 
ahove  tide  in  the  Gulf  of  Mexico. 

At  the  railroad  crossing  the  elevation  is  762  feet,  giving  a  fall  pf  227.02  feet  in  the 
•distance  named.  The  regimen  of  the  river  here  is  &ed,  the  bottom  and  banks  being 
nniformly  of  rock,  and  with  an  average  width  of  water  surface  of  about  300  feet. 
Twenty-one  shoals  were  found  in  this  section,  with  an  aggregate  fall  of  about  160  feet. 
Between  these  shoals  the  current  is  usually  gentle,  with  long  stretches  of  unobstructed 
water  sufficiently  deep  for  a  navigation  not  exceeding  3  feet. 

The  estimates  submitted  contemplate  locks  150  feet  long  between  miter-sills  and  35 
feet  wide,  and  designed  to  accommodate  the  largest  boat  now  navigating  the  river. 
Head  and  tail  walls  to  be  of  masonry  laid  in  cement.  Intermediate  walls  of  cribs  filled 
-with  stone.    The  sides  of  these  and  the  bottoms  of  locks  to  be  double  planked.    It  is 

? reposed  also  to  use  crib-dams ;  these  cribs  to  be  made  of  round  timber  of  from  14  to 
6  inches  in  diameter,  double  planked,  and  with  intersections  and  joints  secured  by 
iron  bolts.  An  abundance  of  such  material  may  be  had  wherever  these  works  are 
needed,  and  close  at  hand. 

The  elevation  of  the  water  surface  at  Thompson's  Bridge  was  obtained  by  a  transfer 
•of  levels  from  the  railroad  track  at  Gainesville  Depot,  and  the  result  as  given  based 
upon  estimated  low-water  at  the  point  indicated.  All  soundings  are  reduced  also  to 
low- water. 

From  Thomp»on^8  Bridge  to  Shallow  Ford  is  about  3  miles,  and  no  work  is  needed  here 
the  river  being  about  200  feet  wide  and  from  4  to  8  feet  deep.    The  shoal  begins  a  short 
-distance  above  the  ford,  and  is  5,500  feet  long,  with  a  fall  of  6.71  feet. 

The  river  here  is  something  over  300  feet  wide,  the  channel  at  the  upper  end  being 
divided  by  an  island  1,600  feet  long.  The  best  water  is  found  in  the  right-hand  chan- 
nel. A  dam  275  feet  long  will  be  needed  here,  closed  by  a  lock  of  10  feet  lift.  For 
about  1  of  a  mile  below  tnis  the  water  is  good  to 

.  JokMon's  Skoal—The  river  here  is  200  feet  wide,  with  a  fall  pf  3.17  feet  in  3,60a  feet. 
The  channel  over  this  has  a  minimum  depth  of  3  feet.  Three  wing-dams,  each  100 
fioet  long,  placed  at  proper  intervals,  is  all  that  is  needed.  Below  this  shoal  there  is 
^ood  water  for  H  mtles  to 

Mooneyes  SKoah—TlnB  is  5,600  feet  long,  with  a  fall  of  3.25  feet;  the  river  varying 
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from  l&O  to  2&0  feet  in  width.    The  obstruction  consiats  of  a  fiah-trap  dam  at  the  hetd 
•f  the  shoal  and  a  rock-bar  at  the  lower  end.    Four  hundred  and  forty-four  caU^ 
yards  of  rock  must  be  removed  to  give  the  required  depth.    Below  this  there  ia  H 
miles  of  good  water  to 

Overby^a  Skoal, — ^This  shoal  is  immediately  above  the  month  of  Chestatee  Riyer,  and 
is  300  feet  long,  with  a  fall  of  6.92  feet :  the  river  being  on  an  average  of  350  feet  widA. 
A  dam  at  the  mouth  of  the  Chestatee  200  feet  long,  closed  by  a  lock  of  7  feet  lifl,  wiH 
be  necessary.    Below  this  for  2^  miles  there  is  good  water  to 

Brown's  J/tZZ.— This  shoal  is  8,500  feet  hmg,  with  a  fall  of  1.692  feet.  The  river  hen 
widens  from  250  to  600  feet.  A  dam  600  feet  long  near  Brown's  Mill,  with  a  lock  of  7 
feet  lift,  is  the  first  work  required.  Another  dam  260  feet,  with  lock  of  10  feet  lift, 
should  be  placed  at  lower  end.      • 

At  Souther'8  Ferry  no  work  is  needed.  For  10  miles  below  Brown's  Mill  the  water  is 
good.    Then  we  come  to 

Pirkle'8  iSAoaZ.— This  is  4,600  feet  lon^,  with  a  fall  of  3.9  feet.  The  river  varies  firom 
300  to  400  feet  in  width.  The  obstruction  consists  of  3  rock  reefs,  with  pools  of  dee^ 
water  between.  The  channel  over  these  requires  deepening,  and  this  can  be  done  by 
the  removal  of  300  cubic  yards  of  solid  rock.    Two  miles  farther  down  is 

Winding  ShoaU  and  Gamer's  Bridg$^  which  is  11,820  feet  long.  This  inclades  the  en- 
tire distance  from  Hammond's  Island  to  a  fish-trap  shoal  below  Bowman's  Island,  witk 
a  fall  of  16.90  feet.  A  dam  at  the  fish-trap  shoal  350  feet  long,  with  a  lock  of  16  feel 
lift,  will  flood  the  entire  obstruction  to  the  proper  depths.    Four  miles  firom  this  is 

Mathew'»  Fish-trap  Dam. — This  is  a  ledge  of  rock  with  about  4  feet  of  water  on  it 
The  fish-trap  dam  should  be  removed  and  the  ledge  deepened.  This  requires  the  re- 
moval of  88  cubic  yards  of  rock.     For  12  miles  there  is  good  water  to 

Jonet^s  Ferry. — This  shoal  is  distributed  over  1,200  feet.  It  consists/really  of  3  shoal^ 
with  deep  water  between  them.  The  first  is  at  Jones's  gin-hoose.  The  river  here  it 
420  feet  wide,  with  a  fall  of  2.30  feet.  The  water  above  the  ledge  is  \b  feet  deep,  and 
by  removing  part  of  the  ledge  the  trouble  can  be  cured.  There  is  6,300  feet  of  deep 
water  below  tnis  to  the  second  It^dge.  Here  there  is  a  fall  of  0.55  foot,  with  4  feet  (x 
water  above  aud  5  feet  below  it.  There  is  4,600  feet  of  deep  water  between  this  and 
the  third  ledge.  There  is  a  fall  here  of  0.30  foot,  the  river  being  tid60  feet  wide.  Deep- 
ening the  channel  over  these  ledges  is  all  that  is  needed,  and  this  can  be  done  by  the 
removal  of  2,620  cubic  yards  of  rock.    Ten  miles  below  this  is 

Island  Shoal. — This  shoal  has  a  fall  of  9  feet,  distributed  over  5,000  feet.  The  river 
is  from  400  to  800  feet  wide,  the  channel  beins  divided  by  two  islands.  A  dam  below 
the  lowest  reef,  500  feet  long,  with  lock  of  9  feet  lift,  will  pond  the  entire  shoal.  Six 
miles  from  this  is  the  beginning  of 

Roswell  Shoal. — 10,400  feet  below  the  head  of  the  shoal  is  Kelpin's;  the  river  in  Uiis 
distance  has  a  fall  of  13.28  feet  and  averages  about  600  feet  in  width,  A  dam  600  totk 
long  should  be  placed  here,  with  a  lock  of  12  feet  lift.  From  Kelpin's  to  the  foot  of 
Bull's  Sluice  is  nearly  2  miles.  The  river  between  these  points  varies  greatly  in  widthi 
the  channel  being  divided  by  many  small  islands.  There  is  a  fall  of  nearly  40  feet  in 
this  distance,  and  the  only  improvement  practicable  is  by  ponding.  This  can  be  dons 
by  a  dam  at  the  head  of  Buirs  Sluice  400  feet  loug,  with  lock  of  10  feet  lift.  Thret 
thousand  feet  below  this,  another  dam  650  feet  long,  with  lock  of  15  feet  lift,  aud 
another  dam  at  the  lower  end  of  the  sluice  500  feet  loug,  with  lock  of  15  feet  lift 
This  will  pond  the  entire  shoal.    The  next  obstruction  is  known  as 

Cochraws  Shoal. — No  work  will  be  needed  here,  as  a  dam  at  the  upper  end  of  whal 
is  known  as  the  Devil's  Race  Course  will  flood  it.  The  next  shoal,  2  miles  below  Hub, 
is  called 

The  DeviVs  Race  Course. — The  river  here  is  450  feet  wide,  with  a  fall  of  19.95  feet| 
measuring  from  the  head  of  Cochran's  Shoal.  A  dam  just  uelow  the  first  fall,  with  a 
lock  of  12  feet  lift,  will  flood  Cochran's  Shoal.  Another  dam  at  the  lower  end  of  the 
course  will  flood  the  whole.  This  dam  will  be  456  feet  long,  with  a  lock  of  13^  feel 
lift.     About  one  mile  below  this  is 

Dimpsey's  Ferry, — ^The  river  here  is  300  feet  wide  and  the  shoal  5,200  feet  long,  witk 
a  fall  of  10  feet.  A  dam  300  feet  long  with  lock  of  10  feet  lift  will  be  necessary.  The 
next  shoal  is  found  just  below 

Pac;^8  Ferry. — ^The  river  here  is  300  feet  wide,  filled  with  sunken  reefis,  and  has  a  fall 
of  6.50  feet  in  4,264  feet.     It  will  need  a  dam  300  feet  long,  with  a  lock  of  6i  feet  lift 

Buzzard's  Roost  is  the  next  obstruction.  The  river  is  ^9  feet  wide,  the  shoal  oou- 
sisting  of  a  reef  20  feet  long.  This  should  be  removed,  involving  88  cabic  yards  solid 
rock  excavation.    The  next  obstacle  is  known  as 

De  Four's  Ferry. — This,  like  Buzzard's  Roost,  is  simply  a  narrew  reef,  through  whick 
the  channel  should  be  deepened.    The  removal  of  88  cubic  yards  of  rock  will  do  thia 

Tfie  estimated  cost  of  the  foregoing  work,  exclusive  of  excavations  for  iock-chant- 
hers  aud  approaches,  is  $255,901.34.  Add  to  this  for  excavation  as  above,  engineering 
and  contingencies,  30  per  cent.,  (76,770.40,  and  we  have  $332,671.74  as  tne  entire  co3 
of  the  work. 

From  this  point  to  the  Western  and  Atlantic  Railroad  Bridge  no  work  is  needed. 
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flSCnON    U. — FROM    WE8T1UIN    AND    ATLANTIC    RAILBOAD    BRIDGE    TO  WEST    POINT^ 

GEORGIA. 

This  section  is  about  108  miles  long,  with  an  aggregate  fall  of  172  feet.  Deduct  from 
this  35.5  feet  to  be  provided  for  by  locks,  and  1.2  feet  represents  the  fall  per  mile,  in- 
elnding  shoals.  Deduct  the  sum  of  the  fall  at  these  shoals,  and  we  have  an  average 
of  only  .401  of  a  foot  as  the  fall  per  mile  over  the  balance  of  the  river.  The  sum  of  the 
shoals  is  less  than  10  miles  in  this  section,  there  being  99  miles  of  eood  water  that 
needs  no  improvement.  The  river  bed  here  is  very  uniform,  about  300  feet  wide  at 
the  water  surface,  with  high  banks  and  bottom  of  rock.  There  are  no  sand-bars, 
onags,  or  other  obstacles,  except  those  named  below,  and  the  navigation  may  be  per« 
manently  improved. 

The  first  shoal  is  about  6  miles  below  the  railroad  bridge,  and  is  known  as 

(xreene  and  Popt^a  Shoal,— The  river  here  is  250  feet  wide,  the  shoal  a  succession  of 
Tock  reefs,  and  1,677  feet  long,  with  a  fall  in  that  distance  of  1.25  feet.  The  channel 
across  these  reefs  needs  deepening  and  widening.  This  can  be  done  by  the  removal 
of  1,000  cubic  yards  of  rock.    Nine  miles  below  this  is 

AusielVa  Skoal— The  river  is  250  feet  wide,  with  a  fall  of  only  0.82  foot  in  719  feet. 
The  obstruction  consists  of  narrow  reefs,  over  which  a  channel  should  be  excavated. 
The  removal  of  918  cubic  yards  of  rock  will  do  this.    About  10  miles  below  Austeirs  is 

"  Red  MaH^8**  Shoal— The  river  here  widens  from  300  feet  to  500  feet,  with  a  fall  of 
0.85  foot  in  1,616  feet,  the  obstruction  being  similar  to  the  two  preceding  shoals.  The 
removeal  of  150  cubic  yards  will  give  the  required  channel.  About  7  miles  below 
this  is 

Mederia  Shoal — The  river  here  varies  from  500  feet  to  600  feet  wide.  The  shoal  con- 
sists of  narrow  reefs,  extending  over  7,367  feet,  with  an  aggregate  fall  of  8.42  feet. 
Between  these  reefs  there  are  pools  of  deep  water  with  a  gentle  current.  A  good 
shannel  may  be  .secured  by  excavating  a  part  of  these  reefs  and  the  construction  of 
three  wing-dams,  one  below  each  of  these  obstacles.  This  would  require  600  cubic 
yards  of  excavation  and  750  cubic  yards  of  win^-dam.     Eight  miles  below  this  is 

Jasper  SewelVa  Island. — The  channel  here  is  divided  by  SewelFs  Island,  the  left  hand 
being  100  feet  and  the  right  200  feet  wide.  The  best  channel  is  in  the  right-hand 
ehannel.  This  shoal  is  3,684  feet  long,  with  a  fall  of  2.48  feet.  The  left-hand  channel 
should  be  closed  by  a  rubble-dam  at  the  head  of  the  island.  The  removal  of  1,211 
enbic  yards  of  roci.  from  the  other  channel  will  g^ve  the  required  depth.  About  4 
miles  below  this  is 

Bridge  Shoalj  at  the  crossing  of  the  Griffin  and  North  Alabama  Railroad.  The  river 
here  is  375  feet  wide,  the  obstructions,  consisting  of  some  narrow  reefs,  extending  over 
300  feet  and  with  a  fall  of  0.40  foot.  The  removal  of  100  cubic  yards  of  rock  will  give 
sufficient  channel.    Three  miles  below  this  is 

Carter's  Shoal — A  small  island  divides  the  channel  here,  which  widens  out  from  300 
to  400  feet,  with  a  fall  of  0.51  foot  in  782  feet.  The  best  water  is  found  near  the  right, 
between  tne  island  and  the  shore.  This  channel  is  obstructed  by  some  narrow  reefis, 
and  requires  the  removal  of  100  cubic  yards  of  rock.    One  mile  below  this  is 

**  BulVs  Sluice^*  No.  2. — This  shoal  consist>s  of  some  narrow  reefl.  It  is  287  feet  long, 
^th  1.70  feet  fall.  The  removal  of  222  cubic  yards  of  rock  frt>m  the  best  channel  over 
these  reefs  will  give  the  required  depth.  One  mile  below  this  is 
>  Hemp's  Shoal— The  riVer  here  is  575  feet  wide,  with  0.87  foot  fall  in  500  feet.  The 
•hstmction  is  caused  by  reefs  with  from  1  to  2  feet  of  water  on  them.  The  deepen- 
ing and  widening  of  tne  present  channel  is  all  that  is  needed.  This  can  be  accom- 
plished by  the  removal  of  100  cubic  yards  of  rock.     The  next  shoal  is 

McIntosVs.— The  river  here  suddenly  widens  from  200  feet  to  1,200  feet,  with  7.24 
feet  fall  in  3,790.  At  the  upper  end  of  the  shoal  it  will  be  necessary  to  excavate  a 
ehannel  through  the  reef;  444  cubic  yards  of  rock  must  be  removed.  The  remainder 
mi  the  shoal  can  be  flooded  by  raising  the  dam  at  Hollingsworth's,  3  miles  below. 

Hollingsworth^s  Mill — The  river  below  the  shoal  is  400  feet  wide,  the  shoal  750  feet 
long,  with  a  fall  of  3.51  feet.  By  raising  the  dam  and  closing  it  with  a  lock  of  10  feet 
lift  both  shoals  will  be  flooded.   iThree  miles  below  is  another 

Shoal  name  not  known.  The  river  here  is  from  500  feet  to  700  feet  wide,  with  2.49 
feet  fall  in  1,735  feet.  The  best  water  is  near  the  right  bank.  The  channel  should  be 
contracte<l  by  a  win^-dam,  extending  from  some  exposed  rocks  in  the  river  bed  to  the 
left  bank  and  the  widening  of  the  passage  through  the  reef.  This  will  require  660 
enbic  yards  of  excavation,  and  550  yanls  of  wing-dam.     One  mile  below  this  is 

Hilley's  Shoal— The  river  here  is  600  feet  wide,  with  1.45  feet  fall  in  590  feet.  To 
give  sufficient  depth  a  wing-dam  should  be  built  below  the  reef  and  the  channel  above 
eleaned  of  projecting  rocks.  This  requires  444  cubic  yards  of  wing-dams.  About  one 
mile  below  this  is  another 

Shoal  name  unknown  The  river  here  is  from  600  feet  to  700  feet  wide,  with  1.48 
feet  fall  in  965  feet.  The  channel  is  divided  by  an  island,  the  best  water  being  in  the 
left-hand  channel.    A  rubble-dam,  extending  into  the  right-hand  channel,  should  be 
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placed  at  the  head  of  the  island,  so  as  to  Increase  the  flow  of  water  in  the  left  eksa- 
nel.  This,  with  the  removal  of  a  small  reef  above  the  island,  will  give  the  need«i 
navigation.  Excavation  required  100  cubic  yards  and  350  cubic  yards  for  mbble-daii. 
One  and  a  half  miles  below  this  is 

Bushhead  Skoal—The  river  here  is  from  700  feet  to  1,000  feet  wide,  wiUi  5.17  fee«  &B 
in  2,120  feet.  This  shoal  can  be  flooded  by  water  from  Daniel's  Mill  and  needs m 
work.    Two  miles  below  this  is 

DanieVa  Mill, — ^The  river  at  the  head  of  this  shoal  is  1,000  feet  wide,  aad  300  fed 
lust  below  it,  with  a  fall  of  8.85  feet  in  5,334  feet.  A  dam  closed  by  a  lock  of  11  feel 
lift  will  flood  this  shoal  and  Bushhead.    Two  miles  below  the  mill  is 

Tompldna  Shoal— The  river  varies  here  from  300  feet  to  800  feet,  with  0.50  foot  feB 
in  330  feet.  The  obstruction  is  trifling,  and  can  be  removed  by  excavating  GV  ealM 
yards  of  rock.    One  mile  below  is 

Franklin  Shoa^.—The  river  is  500  feet  wide,  with  0.80  foot  fall  in  2,014  feet  8om 
small  islands  divide  the  channel,  but  the  be«it  water  will  be  fomid  in  mid-river.  Tin 
removal  of  355  cubic  yards  of  rock  will  give  the  required  depth.  One  mile  below  it 
another 

Shoal  or  rather  reef,  name  not  known.  The  river  here  is  700  feet  wide,  with  O.ttfool 
fall  in  760  feet.  The  difficulty  here  is  found  in  some  narrow  reefs  throngh  which  Iki 
channel  needs  widening.  The  removal  of  100  cubic  yards  of  rock  will  do  this.  FiT« 
miles  below  this  reef  is 

Jackson's  Mill  Shoal — This  is  in  reality  two  shoals  about  l,tWO  feet  apart,  witii  desf 
water  between  them.  The  river  at  the  upper  shoal  is  about  830  feet  wide ;  at  ths 
lower  shoal  about  700  feet.  The  fall  at  the  upper  shoal  is  4.73  feet  in  500  feet ;  at  the 
lower  shoal  1.96  feet  in  1,304  feet.  The  greater  fall  was  measured  from  the  sur&oe  of 
the  water  in  the  old  mill-dam  at  the  head  of  the  shoal.  This  would  be  very  nmek 
reduced  by  taking  away  the  dam.  The  improvements  recommended  here  are,  lit 
The  opening  of  the  channel  through  the  old  dam  next  to  the  right  bank.  9d.  Tks 
construction  of  a  wing-dam  below  the  shoal.  3d.  The  construction  of  a  wing-dam  at 
some  point  between  the  head  and  foot  of  shoal.  These  dams,  it  is  believed,  will  rm- 
late  the  current  and  give  sufficient  depth.  At  the  lower  shoal  the  river  is  divided hy 
a  small  island  into  two  channels.  The  closing  of  the  left-hand  ehannel  by  a  lipr^ 
dam  will  be  all  that  is  needed  here.  This  will  require  322  cubic  yards  of  rock  exca- 
vation, 800  cubic  yards  wing-dam,  and  150  yards  riprap  dam.  Nine  miles  below  Jack- 
son's Mill  is  , 

Swanson^s  Shoal — The  river  here  is  700  feet  wide,  with  a  fall  of  1.72  feet  in  1,428  foei 
The  obstacle  here  is  caused  by  reefo  which  require  deepening  in  places  1  foot.  To  effect 
this  the  removal  of  333  cubic  yards  of  rock  will  be  necessary.  About  8  miles  belov 
Swanson's  is 

Boykin's  Shoal — ^The  river  is  900  feet  wide,  the  channel  being  divided  by  small  islandi 
or  tow  heads.  There  is  0.87  foot  fall  in  495  feet.  All  that  is  needed  here  is  the  wtdea- 
ine  of  the  natural  channel  through  the  reef.  This  can  be  done  by  the  removal  of  1S3 
cubic  yards  of  rock.    The  next  shoal,  4  miles  below,  is  known  as 

Huguleyi*s  Shoal— {The  river  varies  from  600  feet  to  1,300  feet,  the  channel.  beiDj^ 
divided  by  several  small  islands  or  tow  heads.  A  dam,  with  a  lock  of  8  feet  lift,  is 
recommended  as  the  necessary  improvement  here.    One  mile  and  a  half  below  is 

Pott's  Shoal — ^The  fall  is  5.06  feet  in  3,635  feet,  but  as  the  channel  is  deep  and  straigkt 
it  is  believed  that  no  serious  difficulty  will  be  experienced  by  boats  passing  it.  The 
present  channel  should  be  cleaned  and  widened,  and  this  will  involve  the  removiU  of 
309  cubic  yards  of  rock.    Five  miles  below  is 

West  Point  Shoals,  near  the  town  of  West  Point.  The  river  here  is  500  feet  wide, 
with  a  fail  of  1.78  feet  in  2,955  feet.  The  obstructions  here,  like  many  that  are  caUed 
shoals  on  this  part  of  the  river,  consist  of  narrow  reefs  with  deep  water  betwecs 
them.  There  beinc  but  little  fall,  the  excavation  of  a  passage-way  sufficiently  deep 
is  all  that  is  needed,  and  this  generally  can  be  effected  by  deepening  the  natoral  chan- 
nel 1  foot.  In  the  present  instance  the  removal  of  333  cubic  yards  and  the  o<mstnie 
tion  of  300  yards  ofwing-dam  below  the  shoal  is  all  that  is  needed. 

This  completes  the  shoals  and  obstructions  in  ftie  2d  Section,  which  you  will  find 
by- 
Estimate  sheet  No.  2  will  cost $141,970  90 

Add  to  this  20  percent,  for  contingencies 28,394  04 

and  we  have 170,364  94 

as  the  cost  of  the  proposed  improvement. 

SKcnoN  ui 

embraces  that  portion  of  the  Chattahoochee  between  West  Point  and  Columbus,  aai 
is  33  miles  lonff,  with  a  measured  fall  of  318.31  feet.  For  about  one-half  titia  diataoc* 
the  water  is  of  sufficient  depth  with  a  moderate  current,  there  being  deep  and  unob- 
structed pools  from  ^  mile  to  4  miles.  The  river-bed  in  many  places  ia  very  wid% 
dotted  by  numerous  islands.    Between  these,  narrow,  and  sometimes  deep,  channab 
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find  their  way.  These  channels  over  two  of  the  longest  shoals  can  bo  converted  into 
conitno<liou8  canals  by  constructing  dams  between  the  islands  that  form  them,  thns 
making  a  continuous  channel  or  canal  in  which  locks  may  be  placed  at  proper  inter- 
valH.  There  is  an  abundance  of  the  best  material  at  hand  for  the  construction  of  such 
works  as  are  needed.     From  West  Point  to  what  is  known  as 

fFilHam  Todd's  Shoal^  a  distance  of  3  miles,  there  is  good  water,  with  the  exception 
of  one  narrow  reef.  Todd^s  Shoal  is  650  feet  long,  with  2  feet  at  low-water  in  mid- 
channel,  and  requires  deepening  one  foot.  To  do  this,  1,444  cubic  yards  of  rock  must 
be  removed.     From  tliis  shoal  to 

j€ick  TodiTs  Shoal  is  about  I  mile,  the  water  being  good,  with  a  gentle  current. 
From  the  head  of  Jack  Todd's  Shoal  to  the  reef  below  TToM^fon**  ferry  is  7^  miles,  with 
an  aggregate  fall  of  51.31  feet.  As  the  whole  distance  requires  work  of  some  descrip- 
tion, it  will  be  considered  as  one  shoal.  The  river  hero  varies  from  600  feet  to  ^  mile 
in  wndth,  the  channel  being  divided  by  nnmerous  islands.  The  banks  are  high  and 
formed  of  rock,  and  so  are  the  islands.  From  the  head  of  the  shoal  1^  Chattakoochee 
Factory  is  6,(U)0  feet.  The  channel  hero  follows  the  right  bank,  and  is  sufficiently 
deep,  except  at  Todd's  Old  Gin  HousCy  where  there  is  a  rei^f  with  I  foot  at  low-water. 
A  channel  should  be  excavated  here  500  feet  long  and  2  feet  deep ;  2,400  feet  below 
this  is  another  reef  100  feet  long,  with  2  fe43t  at  low- water,  but  this  will  be  flooded  by 
the  propcjsed  dam  at  the  factory.  From  this  point  to  the  factory  it  follows  the  right 
bank  through  the  pond  formed  by  the  factory-dam.  This  dam  is  200  feet  long,  and  is 
nearly  ])araTlel  with  the  shore,  inclosing  about  ^  of  the  water-surface  of  the  nver.  It 
18  proposed  to  raise  this  dam  2  fe<5t,  ana  extend  it  600  feet  by  a  dam  6  feet  high,  clos- 
ing it  by  a  lock  at  the  factory  9.23  feet  lift.  For  3,f)00  feet  below,  the  channel  follows 
the  right  bank  through  a  natural  canal  formed  by  islands.  This  channel  is  about  250 
feet  wide,  and  is  siifticiently  deep,  except  at  two  points.  The  first  of  these  is  about 
1,000  feet  below  the  factory,  and  consists  of  a  reef  25  feet  long  and  2  feet  deep.  It 
iu'4>d8  deepening  1  foot  by  the  removal  of  55  cubic  yards  of  rock.  The  second  reef  is 
'2,4'X)  feet  below  the  factory.  This  reef  is  100  f«^et  long,  and  2  feet  deep  :  the  removal 
of  444  cubic  yards  will  deepen  it  sufficiently.  From  the  end  of  Island  No.  3  to  Tur- 
key Inland  there  is  a  shoal  1,000  feet  long  with  2  feet  of  water  on  it.  It  is  proposed  to 
construct  a  crib-dam  from  the  upper  enff  of  Turkey  Island  to  the  head  of  this  shoal — 
600  feet  long  and  6  feet  high.  When  the  dam  at  the  factory  is  raise<l,  this  will  flood 
the  shoal  to  the  required  depth.  From  this  reef  to  the  Georgia  and  Alabama  Factory — 
7,800  feet — there  is  a  good  channel  formed  by  Turkey  Island  and  Campbell's  Island. 
This  is  about  200  feet  wide.  A  dam  100  feet  long  coimects  these  islands.  This  dam 
should  be  raised  2  feet.  The  dam  at  the  factory  should  also  be  raised  2  feet,  and  closed 
l>y  a  lock  of  14  feet  lift. 

'  For  2,400  feet  below  the  factory  there  is  a  narrow  channel  formed  by  JTodge^s  Taland, 
A  channel  must  be  excavated  here  4  feet  deep  and  60  feet  wide  and  2,000  feet  long, 
making  17,777  cubic  yards  of  rock.  From  Hodge's  Island  the  channel  follows  the  right 
l>ank  to  the  lower  end  of  Johnson's  Island,  13,000  feet.  The  channel  here  varies  from 
400  feet  tg  800  feet  wide,  with  water  sufficiently  deep,  except  at  the  reefs  named  be- 
low^.  Tlie  first  of  these  is  2,600  feet  below  Hodge's  Island.  This  reef  is  about  100  feet 
long,  2.3  feet  deep,  and  requires  the  removal  ot  155  cubic  yards  of  rock.  The  next  is 
600  feet  below  this.  It  is  100  feet  long,  and  requires  an  averagedeepening  of  30  inches. 
The  removal  of  66  cubic  yards  of  rock  will  do  this.  Eighteen  nundred  feet  below 
this  there  is  a  succession  of  reefs  with  deep  water  between  them,  extending  for  800 
feet.  The  channel  here  should  be  deepened  1  foot,  requiring  the  removal  of  1,777  cubic 
,vard8  of  rock.  Twenty-five  hundred  feet  below  this  there  is  another  reef,  100  feet 
long,  2  feet  <leep,  and  requires  the  removal  of  222  cubic  yards  of  rock  to  give  it  the 
necessary  depth.  Two  thousand  feet  further  there  is  another  reef,  100  feet  long,  1  foot 
<lecp,  and  requires  the  removal  of  444  cubic  yards  of  rock;  5,000  feet  below  this,  a 
4lam  670  feet  long,  with  lock' of  10  feet  lift,  will  flood  all  the  intervening  reefs  and  give 
a  good  channel.    This  dam  should  be  placed  about  100  feet  above  Houston's  Ferry, 

Eight  hundred  feet  below  the  ferry  there  is  a  reef  200  feet  long  and  1.5  feet  deep. 
The  removal  of  (XQ  cubic  yards  of  rock  will  give  the  proper  depth. 

Below  this  reef  there  is  good  water  for  three  miles.  Here  there  is  a  fall  of  four  feet 
in  1,000  feet.  A  wing-dam  800  feet  long  placed  below  this  shoal  will  give  sufficient 
depth. 

At  the  head  of  HargctVs  Island  the  right-hand  channel  should  be  closed  by  a  dam 
1,(K>0  feet  long  and  6  feet  high,  so  as  to  concentrate  the  water  in  the  left-hand  channel. 
At  the  lower  end  of  Hargett's  Island  a  dam  300  feet  long,  with  a  lock  of  8  feet  lift,  will 
bo  needed.  This  island  should  be  connected  with  Cook's  Island  by  a  dam  2,300  feet  long 
and  averaging  8  feet  high.  This  would  make  a  continuous  canal  behind  these  islands. 
A  dam  should  be  placed  in  this  passage  at  the  hea<l  of  Cook's  Island  closed  by  a  lock 
12.70  feet  lift.  From  thisnoint  the  route  passes  between  Cook's  Island  and  the  left  bank. 
Two  thousand  and  four  mmdred  feet  below  the  first  dam  there  should  be  another  dam 
100  feet  long,  with  lock  of  10  feet  lift.  Two  thousand  and  eight  hundred  feet  below 
this  there  should  be  another  dam  200  feet  long,  with  lock  of  10  feet  lift.    Two  thou* 
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sand  and  two  hundred  feet  below  tliiR,  a  dam  100  feet  long  connecting  lioMnd  I$lnd 
with  the  shore,  with  lock  of  10  feet  lift. 

Cook's  Island  should  be  connected  with  Round  Island  by  a  dam  300  feet  longaod  10 
feet  high.  Nine  hundred  feet  below  Round  Island  there  is  a  small  woodecf  iaUod. 
This  should  be  connected  with  Round  Island  by  a  dam  6  feet  high.  Just  below  iht 
head  of  this  island  a  dam  200  feet  long,  with  lock  of  rt.30  feet  lift,  will  be  needed. 

For  1,000  feet  below  this  lock  there  is  a  good  channel  100  feet  wide,  which  extcadi  to 
the  end  of  the  island.  The  route  then  enters  the  river,  which  is  1,300  feet  wide ;  4,000 
feet  below  this  it  suddenly  contracts  to  600  feet,  with  a  fall  of  15  feet  in  this  distaii£«. 
Here  a  dam  600  feet  long,  with  a  lock  of  15  feet  lift,  will  be  required.  Thirty-five  hun- 
dred feet  below  this  a  dam  700  feet  long,  with  lock  of  16  feet  lift,  will  be  needed.  ThU 
will  pond  the  water  to  HulVs  Sluice  No,  3,  giving  sufiicient  depth.  For  5,200  feet  the 
river  now  is  1,100  feet  wide,  with  10  feet  fall.  A  dam  1,400  feet  long,  with  a  lock  of  10 
feet  lift,  will  pond  this.  From  this  point  for  a  half  mile  there  is  good  water.  Here 
TaU?8  Sht^als  begin.  The  river  varies  from  700  feet  to  600  feet  in  width.  Thirty-aii 
hundred  feet  from  the  head  of  the  shoal  the  fall  is  10  feet,  and  here  a  dam  must  he 
placed  1,400  feet  long,  with  lock  of  10  feet  lift..  Eighteen  hundred  feet  below  this  » 
second  dam  1,000  feet  long,  with  a  lock  of  12  feet  uft,  will  be  required.  These  two 
dams  will  pond  this  shoal,  which  has  a  fall  of  22  feet  in  about  a  mile.  From  this  for 
about  one  mile  there  is  good  water  to  Mulberri/  Creek  Shoal.  The  river  her©  is  1,000 
feet,  with  a  fall  of  30  feet  in  two  miles.  This  shoal  will  require  two  dams,  eicli 
1,000  feet  long,  with  locks  of  15  feet  lift.  There  is  good  water  now  for  four  miles, 
with  the  exception  of  one  reef  about  50  feet  long,  which  has  about  two  feet  water  on 
it ;  222  cubic  yards  of  excavation  will  give  the  sufficient  depth.     The  next  shoal  is 

"  Standing  Boy," — This  is  a  reef  1,000  feet  long,  with  2  feet  wat«r  on  it.  The  removal 
of  2,000  cubic  yards  of  rock  will  give  the  proper  depth.  The  river,  here  is  1,400  feet 
wide.  From  '*  Standing  Boy"  to  Columbus  Shoal,  or,  as  it  is  more  commonly  called, 
Coweta  Falh,  there  is  about  i  mile  of  good  water.  Here,  in  a  distance  of  12,800  feet, 
we  have  a  fall  of  80  feet.  Thirty -six  hundred  feet  from  the  head  of  the  shoal  a  dam 
2,000  feet  long,  with  lock  of  16  feet  lift,  should  be  placed.  Below  this  dam  the  river 
is  1,800  feet  wide,  the  channel  being  divided  by  large  rock  islands.  The  best  channel 
will  be  found  near  the  ri|^ht  bank ;  1,200  feet  below  the  first  dam  a  second  dam  shoald 
be  built,  400  feet  long,  with  lock  of  16-feet  lift.  This  dam  is  to  be  connect-ed  with  the 
first  fall  by  a  wing-dam  1,000  feet  long  and  14  feet  high ;  3,000  feet  below  this  a  tbiid 
dam  will  be  necessary.  This  dam  will  be  1,560  feet  lon^,  with  lock  of  16  feet  lifk; 
1,600  feet  from  this  the  fourth  dam  should  be  located.  This  dam  will  be  600  feet  long, 
with  lock  of  16  feet  lift ;  3.500  feet  from  this  a  dam  600  feet  long,  with  lock  of  16  feet 
lift,  will  complete  the  work.  Four  thousand  two  hundred  feet  below  tiie  third  dam 
there  is  a  mill-dam.  A  lock  of  7  feet  lift  should  be  placed  in  this  dam.  Three  thoa- 
sand  seven  hundred  feet  from  this  is  the  dam  of  the 

Eagle  and  Phamix  Manufacturing  Company. — A  lock  should  be  bnllt  in  this  of  16  feet 
lift.  Sixteen  hundred  feet  below  the  factory-dam  another  dam  will  be  needed  to  flood 
the  end  of  the  shoal ;  the  lock  here  would  have  a  lift  of  16  feet. 

This  brings  us  to  the  head  of  navigation,  the  surface  of  the  water  being  239  feM 
above  tide,  according  to  the  data  funushed  me  by  Col.  L.  P.  Grant,  chief  engineer  and 

feneral  superintendent  of  the  Western  Railroad, 
on  will  find  by  estimate  sheet  No.  3,  herewith  submitted,  that  the  cost  of 
the  work  completed,  with  dams  and  locks  of  the  size  and  character  de- 
scribed in  this  report,  and  a  channel  60  feet  wide  and  3  feet  deep  at  ex- 
treme low-water,  will  be $635,563  56 

Engineering  and  contingencies,  30  per  cent,  added 19(»,  669  dS 

Making  a  total  of 826,232  & 

No  estimates  could  be  made  for  excavating  lock  chambers  and  approacbeSy  SLnd  the 
per  cent,  for  contingencies  was  therefore  largely  increased. 

We  have  for  improving  the  1st  section,  cost $332,671  74 

We  have  for  improving  the  2d  section,  cost 170, 364  ^ 

We  have  for  improving  the  3d  section,  cost 826,232  & 


Total 1,329,268  6» 

Wh(^n  we  consider  the  number  of  people  to  be  benefited  by  this  improvement  and 
the  important  iuterests  that  will  be  served  by  opening  the  river,  the  amount  seems io- 
significant  compared  with  the  results  to  be  obtained. 

The  accompanying  maps,  X)lans,  and  tabular  st^itements  will  furnish  yon  the  neces- 
sary details. 

My  thanks  are  due  to  the  persons  employed  in  the  field,  including  Mr.  R.  M.  Clap- 
ton, Mr.  Henry  L.  Collier,  and  Mr.  Horace  Bradley.  ^ 
Very  i*esi)ectfuliy,  your  obedient  sen^ant, 

B.  W.  Frobei^ 
/  M(^.  W.  R.  King,  Assistant  Engineer, 

Corps  of  Engineers. 
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REPORT  OF  MR.   D.   L.   SUBLETT,  ASSISTANT  ENGINEER. 

Atlanta,  Ga.,  June  23,  1879. 

Sir:  1  have  the  honor  to  submit  herewith  my  report  on  the  examination  and  survey 
of  the  Chattahoochee  River,  from  Thompson's  Bridge,  five  miles  from  Gainesville^ 
Hall  County,  to  Columbus,  Ga.,  the  present  head  of  steamboat  navigation. 

In  obedience  to  orders  received  from  Mfg.  W.  R.  King,  United  8tates  Corps  of  Engi- 
neers, I  left  Chattanooga,  Tenn.,  December  26,  1878,  for  Atlanta,  and  reported  to  yuu 
the  same  day,  and  at  once  proceeded,  under  your  directions,  to  prepare  the  necessary 
outfit  and  organize  a  party.        *        •        • 

Estimates  were  required  to  be  made  on  the  basis  of  a  60-foot  channel  and  3  feet 
at  low-water. 

My  instructions  directed  that  soundings  be  taken  the  entire  route,  and  wherever  ob- 
structions occurred  a  line  tagged  at  every  20  feet  was  to  be  stretched  and  soundings 
taken  every  100  feet  or  less,  as  the  nature  of  the  obstructions  required.  I  was  also 
directed  to  measure  the  velocity  of  the  current  at  each  shoal,  ascertain  the  volume  of 
water  at  favorable  points,  and,  when  practicable,  make  geological  sections.    *  •  *    * 

Owing  to  the  unprecedented  cold  weather  for  this  climate,  and  the  river  being  fro- 
zen over,  active  field  operations  were  not  begun  until  January  8,  except  to  transfer 
the  levels  from  the  depot  at  Gainesville  to  Thompson's  Bridge,  starting  with  an  eleva- 
tion of  1,2^  feet  above  tide-water,  as  det«rminea  by  the  raim>ad  survey  for  this  point. 

Low- water  at  Thompson's  Bridge  was  ascertained  to  be  989.02  feet  above  tide. 

Several  of  the  railroads  entering  Atlanta  either  cross  or  approach  near  the  Chatta- 
hoochee, and  as  their  profiles  are  all  based  on  the  elevation  of  Atlanta,  which  is  1,050 
feet,  thin  furnished  a  convenient  means  of  ascertaining  the  inclination  of  the  river  be- 
tween the  limits  of  this  survey,  as  well  as  other  important  points  along  the  route. 
The  distances  were  obtained  by  actual  measurements  and  by  land  lots,  and  are  be- 
lieved to  be  approximately  correct.  The  survey  was  begun  at  an  unfavorable  season 
to  procure  accurate  data,  owing  to  frequent  rises  this  time  of  the  year.  On  the  break- 
ins  up  of  the  freeze  the  river  rose  14  feet  in  twelve  hours  at  Thompson's  Bridge,  and 
fell  in  twenty-four  hours  suflicient  to  admit  of  beginning  the  survey.         •         •        • 

The  survey  reached  West  Point,  108  miles  from  the  Western  and  Atlantic  Railroad 
Bridge,  by  April  10,  and  from  thence  was  pushed  on  to  Columbus.    *    *    • 

Between  these  points  it  was  not  of  such  a  detailed  nature  as  to  admit  of  making  ac- 
curate estimates,  but  was  conducted  more  with  a  view  to  aid  in  future  examinations. 
*        •        » 

The  survey  having  been  completed  to  the  head  of  steamboat  navigation  at  Colum- 
bus, I  returned  with  my  party  to  Atlanta  on  the  6th  of  May. 

GENERAL  DESCRIPTION. 

From  Thompson's  Bridge,  where  the  survey  began,  the  Chattahoochee  flows  in  a  gen- 
eral southwest  course  along  a  narrow  valley  that  marks  the  metamorphic  formation, 
until,  reaching  West  Point,  it  turns  a  little  southeast  and  forces  a  passage  through  the 
Chattahoochee  Ridge  at  Pine  Mountain,  and  by  a  continuous  series  of  rapid  fal£  over 
granite  ledges  it  enters  the  Post-tertiary  formation  at  Columbus,  the  present  head  of 
steamboat  navigation,  and  is  then  navifi^able  for  400  miles  to  Apalachicola  for 
Ateamers  of  130  feet  length,  35  feet  width,  drawing  fh)m  2^  to  3  feet  of  water,  with  a 
capacity  of  from  450  to  750  bales  of  cotton.  The  topographical  features  do  not  greatly 
vary  from  Thompson's  to  West  Point,  and  present  remarkably  favorable  features  to 
permanent  improvement.  Where  no  obstructions  occur  the  river  presents  a  beautiful 
api>earauce,  a  gentle  current,  banks  uniform  and  high,  well  protected  by  aquatic  trees, 
MUch  as  willow,  reed,  birch,  &c.  Wherever  the  hills  recede  from  the  river  they  give 
X»lace  to  bottom  lauds  which  are  in  a  high  8tat«  of  cultivation  ;  when  the  hills  approach 
on  one  side  or  both,  they  generally  bring  bars  and  ledges  composed  of  granite,  gneiss, 
quartzite,  dolorite,  and  other  stones,  which,  barring  the  passage  of  the  water,  the  river 
cuts  out  a  channel  on  the  weaker  side,  widening  its  bed  and  reducing  the  depth  of 
water.  As  soon  as  the  obstructions  are  overcome  the  river  assumes  its  natural  width. 
The  wat«r  is  generally  sufficiently  deep  above  and  below  the  bars  or  ledges.  Where 
these  obstructions  occur  many  islands  are  sometimes  formed,  with  several  channels; 
these  islands  vary  in  size  from  the  small  *'  tow-h(»ad"  to  700  or  800  acres,  and  are  fre- 
quently covered  with  original  forest,  and  generally  present  favorable  features  for  im- 
provement. Sometimes  the  river  is  hill-bound  on  both  sides  with  perpendicular  rock 
cliflfs,  as  is  the  case  between  Roswell  and  Atlanta,  and  the  fall  is  very  great,  current 
rapid,  and  channel  filled  with  projecting  rock,  and  the  river  alternately  expands  and 
contracts  to  unusual  dimensions.  From  Thompson's  Bridge  to  Western  and  Atlantic 
Railroad  Bridge,  a  distance  of  73  miles,  there  is  a  fall  of  227  feet.  There  is  in  this 
distance  about  35  miles  of  goo<l  wat-er,  fr«e  from  obstructions,  varying  in  depth  from 
2i  to  10  feet ;  at  low- water,  width  of  river  from  200  to  350  feet.* 

•From  Thompson's  to  a  point  opposite  Sewanee  there  is  more  or  less  interfering  rook, 
even  where  the  water  is  deep,  as  the  bed  of  the  river  is  composed  oC  «iii  vtT^^g(:X%x: 
granite  bottom  wi  th  projecting  poi  n ts  approaching  neat  tVvft  ^\\Ttwi<^»   Yrwxv'^Qs^^^Nft 
the  We&tem  and  Atlantic  Railroad  Bridge,  a  distauc©  ol  n\  VD\\^^,>Ai»  1^\\^\^  l<a»V 
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On  reaching  the  Western  and  Atlantic  Railroad  Bridge  the  hills  disappear,  and  give 
place  to  wide,  fertile  hottoms ;  the  river  has  a  uniform  width  of  250  to  300  fe«t,  vUh 
moderately  rapid  current,  and  no  very  serious  obstacles  until  reaching  Campbelltoo, 
a  distance  of  5&  miles. 

Ledges  cross  the  river  at  every  few  miles,  but  from  2  to  3  feet  wat«r  can  generally 
he  obtained;  the  banks  are  high,  even,  and  well  protected,  and  there  is  only  one  isbuid. 
After  leaving  Campbellton  the  country  becomes  more  broken,  and  after  passing  Coweta 
County  line,  a  distance  of  about  43  miles  from  the  Western  and  Atlantic  Railroad  hn^^, 
shoals  become  frequent,  and  to  West  Point  there  are  numerous  islands  and  channcU. 
and  many  sti*eams  enter,  greatly  increasing  the  volume  of  water,  which  was  ascertaiiMNi 
to  be  approximately  3fOSo  cubic  feet  per  mile  at  ordinary  low- water  in  Heard Coanif 
land  lot  344. 

In  Troup  and  Heard  counties  there  are  4  mill-dams,  3  of  which  entirely  cross  tbe 
river,  with  lifts  of  3  to  7  feet,  some  of  which  can  be  utilized  in  improving  the  rivw. 
From  Iceville  to  West  Point,  a  distance  of  108  miles,  the  fall  is  162  feet,  or  about  1* 
feet  per  mile ;  the  greatest  fall  being  in  Heard  and  Troup  counties,  where  the  country 
is  much  broken.    There  is  one  mill-dam  (Brown's)  in  Hall  County,  of  7  feet  lift. 

Five  miles  below  West  Point,  at  the  Chattahoochee  Cotton  Mills,  there  is  a  dam  par- 
%     I  tially  across  the  river,  and  about  3  miles  below  this  factory  is  the  Geoi-gia  and  Ala- 

bama Cotton  Factory,  and  two  dams  across  the  right  chaunel,  formed  by  Turkey  and 
Campbell's  islands.  From  this  point  to  Columbus  there  is  a  series  of  continued  uui 
rapid  falls ;  the  river  is  a  mass  of  projecting  rock,  with  hundreds  of  islands  and  chs&< 
uels,  and  varying  in  width  from  a  quarter  to  a  mile  wide ;  the  fall  averages  II  feet  per 
mile,  and  is  362  teet  in  34  miles;  the  river  sometimes  contracts  to  unnsu^  dimensiooi^ 
and  is  then  inclosed  by  solid  rock  walls ;  near  Clapp's  Factory,  in  a  distance  of  a  quar- 
ter of  a  mile,  it  contracts  from  a  width  of  half  a  mile  to  90  ft^t ;  the  entire  volume  of 
water  passes  through  this  space  for  one-half  mile,  and  has  a  fall  of  25  feet  in  300  fe^t. 
and  about  120  feet  in  five  miles. 

I  do  not  consider  that  this  section  of  the  river  can  be  iniprov^ed  to  advantage.  Owio^. 
as  has  been  said,  to  the  limited  amount  of  available  funds,  the  mirvey  was  not  of  9iKb 
a  nature  as  to  recommend  any  expenditure  on  this  portion  of  the  river,  except  ai»  far 
as  the  Chattahoochee  Factory,  5  miles  below  West  Point. 

From  Thompson's  to  West  Point  the  river  flows  over  a  solid  rock  bed ;  there  i* 
almost  an  entire  absence  of  sand  and  gravel  bars  ;  timber  and  stone  are  everywhere 
abundant.  Within  the  limits  of  this  survey  the  Chattahoochee  flows  through  fifteen 
of  the  most  productive  counties  in  Georgia,  which,  with  the  counties  in  Alabama,  ad- 
joining the  river,  giv^es  an  aggregate  population  of  over  300,000  persons  directly  int<'r- 
ested  in  the  opening  of  the  nver  above  West  Point. 

The  followmg  is  a  statement  of  agricultural  and  other  resources  of  the  connti*** 
through  which  the  Chattahoochee  flows,  with  the  acreage  of  improved  and  uniraproTed 
lands,  with  their  value,  taken  from  the  last  censiif<  reports  and  from  the  State  aud- 
itor's report  for  1877 : 

Number  of  acres  of  improved  laud 2,838,4fti 

Value  of  acres  of  improved  land $14,^9.3^ 

Number  of  acres  of  unimproved  land 2f5i2, 7* 

Value  of  acres  of  unimproved  land $112.  IS^ 

Capital  invested  in  cotton  factories $1,760,750 

Aggregate  value  of  all  property $49,  G:&.  1^ 

There  are  12  cotton  factories,  with  80,000  spindles;  242  grain-mills,  134  saw-milK  1 
foundry,  21  tanneries,  9  carding  machines,  1  pottery,  mostly  situated  on  the  Chatta- 
hoochee or  its  tributaries.  The  unimproved  lands  consist  mostly  of  o'riginal  forest  of 
choice  timber.  This  does  not  include  the  counties  in  Alabama  on  the  line  of  the  Chit- 
tahoochee. 

Agricultural  i)roductions,  as  shown  by  the  census  rt»port  of  1870,  is  as  follows,  viz: 

Value  of  all  farm  products $9,612,5*: 

Value  of  live  stock $3,645,140 

Number  of  bushels  of  wheat 443,€9f» 

Number  of  bushels  of  com 2,368,557 

Number  of  bushels  of  oats 250. 094 

Bales  of  cotton H5,0«> 

Pounds  of  wool 64,8© 

Bushels  of  Irish  potatoes 2H,274 

Bushels  of  sweet  potatoes 3:^,891 

Pounds  of  butter 744. 0S3 

GEOLOGICAL  AND  MINERAL   RESOURCES. 

Its  geological  features  are  entirely  metamorphic ;  granite,  gneiss,  mica,  schist,  trap 
and  flexible  sandatOTie  ate  the  principal  rocks.     Gold,  asbestos,  copper,  mica,  grapb- 
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ite,  iron  ore^  and  other  valuable  minerals  abound.  Gold  ys  extensively  mined,  and  a 
large  amount  of  capital  is  invested  in  this  industry.  Asbestos  and  copper  are  also 
mined.  Timber  consists  of  white  oak,  hickory,  chestnut,  poplar,  Ions-leaf  pine,  and 
many  other  varieties,  and  the  supply  is  almost  inexhaustible,  especially  of  the  latter. 
At  most  of  the  shoals,  especially  above  Atlanta,  gold  is  washed  in  the  dull  season  by 
the  farmers,  who  realize  from  |1  to  $2  yter  day  by  the  pan  process. 

PLAN  OF  IMPROVEMENT. 

The  improvement  will  consist  in  excavating  a  channel  through  the  ledges  and  bar» 
and  removal  of  isolated  and  projecting  rocks  that  interfere  with  navigation,  and  the 
bnilding  of  jetty-dams,  to  contract  the  channel  to  its  normal  width  where  it  has 
widened,  and  the  erection  of  locks  and  dams  where  the  fall  is  too  groat  to  be  over- 
come by  open-channel  navigation. 

Estimates  are  made  for  crib-dams  witlt  width  e(^ual  to  height;  locks  150  by  35  feet. 
Estimates  are  made  for  part  masonry  and  part  cnb-work.  The  accompanying  maps 
and  tables  will  show  the  location  and  estimated  cost  at  each  shoal. 

The  following  table.  No.  1,  shows  the  oscillations  of  the  river  from  Thompson's  to 
Columbus,  velocity  of  current,  volume  of  water,  and  height  of  bridges  above  low- 
water  at  important  points.  Owing  to  the  fact  that  the  Chattahoochee  is  fed  entirely 
by  living  streams,  the  difference  between  summer  and  winter  low- tide  does  not  greatly 
vary.  The  valley  drained  by  the  Chattahoochee  averages  about  70  miles  wide,  and 
the  fall  is  about  10  feet  per  mile.  The  streams  entering  it  are  short,  and,  flowing  from 
living  springs,  furnish  unlimited  power,  which  the  people  are  not  slow  to  utilize 
where  an  access  to  market  can  be  obtained.  It  is  believed  that  the  opening  of  the 
river  above  West  Point  will  give  a  great  impetus  to  the  building  of  cotton  factories, 
which  has  already  added  so  much  to  the  prosperity  and  wealth  of  West  Point  and  Co- 
iombns.  The  people  along  this  section  are  urgent  in  their  demands  to  have  the  river 
opened  to  navigation.  The  future,  with  a  more  careful  survey,  will  determine  as  re- 
gards the  river  below  West  Point.  The  nature  of  the  river  bed,  the  absence  of  sand 
and  gravel  bars  to  any  great  extent,  the  solid  character  of  its  banks,  and  with  no 
large  tributaries  to  bring  down  drift,  and  being  free  from  ice  in  winter,  are  important 
features  as  regards  the  permanency  of  the  improvement.  Owing  to  the  solid  nature  of 
the  river  bed,  the  cost  of  foundations  will  be  greatly  reduced,  and  this  item  of  cost  can 
fr«3<iuently  be  entirely  dispensed  with;  also  aprons  for  wing  and  jetty  dams,  as  expe- 
rience has  shown  that  fish-dams  built  of  loose  stones  gathered  from  the  adjacent  farms 
have  stood  intact  for  many  years.  The  stone  varies  in  degrees  of  hardness  from  a 
close-textured  granite  to  a  coarse  micaceous  gneiss ;  owing  to  its  frequent  shelving 
nature,  can  generally  be  easily  removed.  Much  of  the  stone  is  loose  rock  fallen  frx>m 
the  adjacent  uluffs.  The  water  is  sufficiently  deep  in  many  places  to  allow  the  rock 
to  remain  in  the  river  after  being  broken  off.  Bateaux  carrying  70  bales  of  cotton  have 
been  run  from  Franklin  to  West  Point;  no  other  boats  have  ever  navigated  this  river 
above  Columbus.  The  section  of  the  river  between  Thompson's  and  Atlanta,  a  dis- 
tance of  73  miles,  will  reqnire  the  construction  of  12  locks  and  dams,  with  an  aver- 
age lift  of  12  feet,  seven  of  which  will  be  between  Atlanta  and  Roswell.  The  section 
from  Iceville  or  Western  and  Atlantic  Railroad  Bridge  to  West  Point,  a  distance  of  108 
miles,  can  be  economically  and  permanently  improved  at  a  very  moderate  cost  com- 
pared with  the  benefits  that  will  result,  and  will  open  up  a  very  large  section  now  en- 
tirely cut  off  from  market  facilities.  Many  of  the  farmers,  bein^  unable  to  procure  a 
market  for  their  grain  production,  have  been  engaged  in  illicit  distilling,  and  the  ex- 
pense to  the  government  in  putting  down  this  nefarious  traffic  would  go  far  towards 
improving  the  river  and  making  good  citizens  of  those  who  are  now  engaged  in  vio- 
lating the  laws.  Four  locks  and  dams  will  be  required  on  this  portion  of  the  river, 
but  two  of  the  dams  already  constructed  can  be  utilized  by  slight  repairs  and  the 
cost  greatly  lessened.  In  conclusion,  I  would  state  that  I  think  it  will  be  necessary  to 
have  a  channel  at  least  100  feet  wide.  Estimates  having  been  made  under  your  direc- 
tions,  none  accompany  this  report. 

Very  respectfully,  your  obedient  servant, 

D.   L.    SUBLETT, 

A$8i8tant  Engineer. 
Mr.  B.  W.  Frobel, 

Aanatant  Engineer, 
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REPORT  OF  MAJOR  G,  WEITZEL,  CORPS  OF  ENGINEERS,  BVT.  MA  J.  GEN, 
U.  S,  A.,  OFFICER  IN  CHARGE,  FOR  THE  FISCAL  YEAR  ENDING  JINE 
30,  1880.  WITH  OTHER  DOCUMENTS  RELATING  TO  THE  WORKS, 


United  States  Engineer  Office, 

Detroit^  Mich.^  July  13, 1880. 

General:  I  bave  the  honor  to  transmit  herewith  the  annual  reports 
relating  to  the  river  and  harbor  improvements  under  my  charge,  for  the 
fiscal  year  ending  June  30,  1880. 

Very  respectfully,  your  obedient  servant, 

Ct.  Weitzel, 
Major  of  Enginea's. 
Brig.  Gen.  H.  G.  Wright, 

Chief  of  Engitieerny  U,  S.  A, 


W  X. 

IMPROVEMENT  OF  THE  FALLS  OF  THE  OHIO  RIVER. 

The  past  year  was  quite  favorable  for  the  prosecution  of  this  work, 
and  a  great  deal  of  useful  work  was  done. 

The  water  became  low  in  July,  and  then  again  in  September,  and  re- 
mained so  until  November  17, 1879. 

All  the  fixed  portions  of  the  dam  at  the  head  of  the  falls  were  com- 
pleted, and  the  portions  of  it  and  of  the  apron-dam  at  the  head  of  the 
canal,  which  had  been  previously  built,  placed  in  complete  repair.  The 
foundation  and  abutments  for  the  movable  dam  in  the  middle  chute 
were  completed,  the  boat  for  the  storage  of  wickets,  &c.,  was  built,  the 
movable  dam  itself  was  set  up,  fitted,  and  nearly  completed  at  the  canal - 
shops,  and  considerable  work  was  done  in  blasting  out  dangerous  ob- 
structions in  the  Indiana  Chute. 

The  opening  left  in  the  crossdam  at  the  head  of  the  falls  in  the  Indiana 
Chute  is  600  feet  long.  The  length  of  this  dam  from  this  opening  to  the 
Indiana  shore  is  210  feet,  and  to  the  apron-dam  at  the  head  of  the  canal 
on  the  Kentucky  side  is  2,532  feet.  The  opening  in  the  middle  chute, 
in  which  the  movable  dam  will  be  placed,  is  300  feet  Vc\\\^. 


i  ! 
It 


i  « 


1724  REPORT  OF  THE  CHIEF  OF  ENGINEERS,  U.  S.  ARMY. 

The  original  estimate  for  tliis  work  was  $1,243,500.     There  has  been 
allotted  and  appropriated  for  it  as  follows: 

1868,  allotted $fC>,00i) 

1869,  allotted 178,200 

1870,  appropriated 4o0,00ij 

1871,  appropriated 250,000 

1872,  appropriated 300, 000 

1873,  appropriated irK),000 

f*  }  1                        1075,  appropriated 100,  UOo 

Total 1,463,2W» 

Of  this  amount  $1,448,838.50  has  been  exi>ended. 

The  reasons  for  the  exceeding  of  the  original  estimate  for  this  work 
have  been  given  in  previous  reports. 

During  the  present  year,  if  the  stages  of  water  will  permit,  it  is  pro- 
posed to  place  the  movable  dam  in  position,  and  with  whatever  funds 
remain  on  hand  to  continue  the  removal  of  some  of  the  worst  obstruc- 
tions in  the  Indiana  Chute. 

A  thorough  improvement  of  this  chute  would  require  the  removal  of 
about  26,000  cubic  yards  of  rock,  at  a  probable  cost  of  $110,000. 

Mr.  Philip  J.  Schopp,  assistant  engineer,  has  been  in  local  charge  of 
the  work  since  the  death  of  Capt.  A.  N.  Lee,  Corps  of  Engineers,  Octo- 
ber 31, 1879. 

The  work  is  located  in  the  third  collection  district  of  Kentucky.     The  nearest  port 
of  entry  is  Lonisville,  Ky. 
The  amount  of  revenue  collected  at  this  port  during  the  fiscal  j'ear  was  |60,123.29. 

The  commerce  and  navigation  of  the  Mississippi  River  and  all  its 
branches  will  be  benefited  by  the  completion  of  this  work. 


\ 
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Money  statement. 
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July  1,  1879,  amount  availahle $43,666  Si 

July  1,  1880,  amount  expended  during  fiscal  year 2l>,  304  DC 

July  1,  1880,  amount  available 14,361  7u 


W2. 

SUPERINTENDENCE,  MANAGEMENT,   AND    REPAIR   OF   THE    LOUISVIIXE 

iVND  PORTLAND  CANAL. 

During  the  past  year  the  canal  was  open  two  hundred  and  ninety -one 
days.  It  was  closed  sixteen  days  for  repairs  and  fifty-seven  days  by 
high-water. 

The  receipts  during  the  year  amounted  to  $55,588.22,  and  the  exjiendi- 
tures  to  $77,106.53.  Of  the  latter  the  sum  of  $4^,292.61  was  expended 
on  superintendence,  management,  and  ordinary  repair,  and  $32,003J)7 
on  permanent  repairs.    The  cash  on  hand  July  1,  1880,  was  $29,496,GJ. 

By  act  of  Congress  approved  May  18, 1880,  this  canal  was  made  free 
from  tolls  after  midnight  July  1, 1880. 

By  a  clause  in  the  river  and  harbor  act  approved  June  14, 1880,  the 
balance  on  hand,  afterpayment  of  any  existing  liabilities,  collected  here- 
tofore  as  tolls  on  the  Louisville  and  Portland  Canal,  or  which  may  here- 
after be  so  collected  prior  to  the  passage  of  an  act  to  make  said  canal  free 
to  the  public,  is  hereby  authorized  to  be  expended  for  its  improvement, 
provided  such  expeud\U\t^  %\\\i\l  not  exceed  $G0,000. 
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I  presume  that  this  means  that  all  of  the  money  on  hand  at  midnight 
on  July  1, 1880,  after  payment  of  any  existing  liability,  if  not  in  excess 
of  $60,000,  may  be  expended  on  the  improvement  of  the  canal. 

I  will  therefore  place  the  balance  on  hand  at  midnight  June  30, 1880, 
t.  «.,  $29,406.65,  together  with  the  tolls  that  may  be  collected  on  July  1, 
1880,  to  the  credit  of  the  improvement  of  the  canal. 

The  law  makes  no  provision  for  the  moneys  derived  from  the  four 
other  sources  of  revenue ;  i.  c,  use  of  dry-dock,  towing,  dredging,  and 
use  of  steam-pump. 

I  will,  therefore,  until  further  orders,  simply  deposit  these  sums  to  the 
credit  of  the  canal,  but  not  expend  them  until  I  receive  further  instruc- 
tions. 

A  great  deal  of  useful  and  important  work  was  done  on  the  canal 
daring  the  year,  as  the  large  sum  ($32,003.07)  expended  on  permanent 
repairs  indicates. 

Five  additional  engines  for  operating  the  gates  were  purchased  and 
are  now  being  placed  in  position ;  extensive  progress  has  been  made 
in  the  reconstruction  of  the  middle  gates ;  the  grading,  paving,  and 
sodding  of  the  slox>es  on  the  sides  of  the  locks  completed ;  new  winding 
machinery  attached  to  the  upper  gates ;  the  change  made  in  the  old 
locks  from  three  to  two  chambers  and  the  new  gates  therefor  have  been 
completed :  and  numerous  slight  repairs  made  on  the  lock  maclunery  and 
the  plant  for  operating  the  canal. 

During  the  present  year  it  is  intended,  under  authority  already  grant-ed, 
to  complete  the  reconstruction  of  the  middle  gates  of  the  new  locks,  to 
rebuild  the  lower  gates,  to  reconstruct  the  suspension  apparatus  for  all 
the  gates,  to  place  the  remaining  engines  for  operating  the  gates  in 
]>osition,  to  construct  new  gates  for  dry-dock,  and  build  a  new  hull  for 
dredge  No.  1. 

The  estimated  cost  of  these  permanent  repairs  is  about  $21,000. 

The  middle  gates  are  both  operated  by  engines.  The  latter  open  them 
in  3J  minutes,  when  it  formerly  required  firom  15  to  20  minutes.  As 
soon  as  all  the  engines  are  in  place  a  reduction  of  ten  lock-hands  will 
be  made. 

It  is  estimated  that  the  expenditure  for  operating  and  keeping  the 
canal  in  ordinary  repair  will  be  about  $42,000,  which,  under  the  law, 
must  now  be  drawn  from  the  Treasury. 

After  the  permanent  repairs  contemplated  during  the  present  year 
are  made,  there  will  still  remain  a  balance  of  the  amount  collected  from 
tolls  and  placed  to  the  credit  of  the  canal. 

It  is  proposed  to  expend  this  sum  during  the  fiscal  year  ending  June 
30,  1882,  in  building  new  upper  gates  for  the  new  locks,  for  permanent 
engine  houses  at  the  locks,  and  for  new  upper  gates  at  the  old  locks. 

It  is  estimated  that  the  sum  necessary  for  operating  and  keeping  the 
canal  in  ordinary  repair  during  the  fiscal  year  ending  June  30, 1882, 
will  be  about  $40,500. 

Besides  the  miscellaneous  freight  on  passenger  and  freight  boats, 
there  passed  through  the  canal  during  the  year  13,592,000  bushels  of 
coal,  120,332  barrels  of  salt,  and  36,305  tons  of  iron  ore. 

The  total  receipts  on  this  canal  from  June  11, 1874,  to  June  30, 1880, 
during  which  period  the  government  has  had  charge  of  it,  amount  to 
♦416^310.67,  and  the  expenditures  to  $386,814.02,  leaving  the  balance  of 
$29,496.65. 

The  expenditures  include  about  $120,000  for  permanent  repairs. 

In  conclusion,  I  desire  to  commend  Mr.  Philip  J.  Schopp,  who  is  in 
local  chai  ge  of  the  work,  and  his  assistants  for  the  faithtul  luaww^x  \w 
which  they  have  conducted  the  work. 
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Financial  $iatement  for  fiscal  year  ending  Juno  30,  1880. 


Deposits. 


July 

Auffast  — 
September. 
October  — 
Xovember 
December  . 


Mouths. 


1879. 


Amounts. 


£xi>enditnres. 


Months. 


January  . 
February 
March . . . 

Auril 

MAy 

June 


1880. 


$3,097  70 
5, 036  16 
3.888  49 
726  52 
4,063  74 
7, 817  03 


4,722  66 
4. 279  51 
3. 767  42 
5. 525  50 
4,227  39 
7,836  10 


ToUl 65,588  22 


AmoonU. 


1879. 

July 1  17,282  9 

August j       4«tl 

September j    7,3ffl24 

October 

November 

December 


8,897  4T 

lR,e46  3l 

9,973  91 


1880. 


January  . 
February 
March  . . . 
April  .... 

May 

June 


7.536  49 
578  «3 
7,86191 
3,875S 
4,469  37 


ToUr 77.106  3 


Cash  on  hand  June  30,  1880,  $29,496.65. 


Financial  $latement  for  fiscal  year  ending  June  30,  1880. 


Receipts. 


How  derived. 


Tolls 

Sents 

Dry-dook .. 
Towase.... 
Bredipni^.. 

Total 


Amount. 


$55,081  97 

166  25 

172  50 

107  50 

60  00 


55,588  22 


Expenses. 


How  expended. 


Lockage  department 
Dredge  department  . 
Improvements 

Total 


Anount. 


130,670  13 
13,622  48 
32,813  9: 


77,106  33 


Detailed  etatement  of  expenditures  for  superintendence^  management^  and  repairs  LoHitfcUh 
and  Portland  Canal  for  the  fiscal  year  ending  June  30,  1880. 


Lockage  department. 


Date. 


1879. 

•Inly 

August 

September.. 

October 

November . . 
December  .. 


I 


$2,325  00 
2,325  00 
2,825  00 
2,325  00 
2, 350  00 
2,566  24 


1880. 
January .... 
February . . . 

March 

Aoril 

Mky 

June 


2,301 
2,371 


35 
68 
2,300  80 
2,343  34 
2, 305  42 
2, 490  15 


I 


pSp. 

fi4 


$353  22 
125  28 
230  68 
480  29 
118  55 
237  80 


130  10 
152  51 
127  73 
112  31 
163  50 
100  18 


o 


$2,678  22 
2,450  28 
2,555  68 
2,805  29 
2,468  55 
2,804  04 


2,431  45 
2,524  10 
2,428  53 
2,455  65 
2,468  92 
2,599  33 


Total 28,337  98     2,332  15  30,670  13 


Dredge  departx 

Dent. 

• 

a 

SI 

1 

> 

111 

tal. 

pro 

<2** 

S 

s 

$835  00 

$1,  057  24 

$1,892  24 

$3,209  34 

899  65 

290  24 

1.189  89 

6,4.31  60 

•  835  00 

134  78 

969  78 

2.688  48 

845  67 

18  21 

863  88 

10,  4a5  78 

835  00 

179  70 

1, 014  70 

1,873  25 

835  00 

105  50 

1,000  50 

5,323  39 

835  00 

376  86 

1.211  86 

.367  10 

845  06 

282  29 

1,127  95 

370  73 

8:^5  00 

220  31 

1,055  31 

917  44 

&'i8  00 

309  38 

1,167  38 

493  76 

891  34 

67  08 

958  42 

348  48  , 

845  87 

324  70 

1, 170  57 

434  57  ' 

« 


*  i 


$7,779 

10.071 
6,213  M 

14, 134  9G 
5.356  j« 
9, 127  9B 


( 


4,  010  41 
4,022  !>T 
4.401  a? 
4. 116  7f 
3,675  S: 
4,1«  4T 


10, 196  19  I  3, 426  29  113, 622  48   32,  813  92     77, 106  53 


./ 
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Detailed  statement  of  vcsaeU  passed  through  Louisville  and  Portland  Canal  during  the  fiscal 

year  ending  June  30,  1880. 


Dato. 


July.... 
Aniniiit  — 
fSeptember 
October  . . . 
November. 
December. 


1879. 


Janiury.. 

FebruATV 

March... 

April 

lUy 

June 


1880. 


FasDenger 
boats. 


No. 


125 
85 
85 
40 
62 
91 


49 
51 
27 
67 
88 
92 


Total 862 


Under 
tonnage. 


34.639 
24,916 
80, 218 
8,979 
19,184 
37,040 


23,287 
25,260 
11,678 
32,611 
40,672 
40,267 


328, 751 


Tow-boata. 


No. 


8 
24 
12 

1 
15 
20 


17 
21 
12 
24 
34 
47 


235 


Under 
tonnage. 


949 
4,590 
2.113 
70 
3,294 
3.911 


2,396 
3.725 
2,151 
8,333 
4,873 
7,414 


38.822 


Model  barges. 


No. 


27 

45 

80 

2 

20 
26 


34 
56 
18 
40 
55 
58 


411 


Under 
tonnage. 


6,069 
12,417 
7,525 
343 
5,176 
7,490 


9,856 
14,084 

4,845 
11, 413 
13, 719 
15, 491 


107,928 


Square  barges. 


No. 


Measured 
capacity. 


51 

7,756 

234 

58, 205 

79 

18,512 

15 

1,626 

194 

48,150 

251 

80,591 

201 

58,683 

138 

40,230 

152 

47,008 

185 

51,258 

88 

21,033 

206 

58,318 

1,794 

491, 379 

a 

CO 


38 
29 
42 
56 
72 
47 


12 
8 
22 
32 
31 
27 


416 


WORK   OF   DREDGING   DEPARTMENT  AND  EXPENDITURES  ON   IT  FOR  THE  FISCAL  YEAR 

ENDING  JUNE  30,    1880. 

Dredging days..  144^ 

Time  lost : 

By  high-water do....  57 

By  employment  on  the  improvement  of  the  falls  and  old  locks do 85 

By  Sundays  and  national  holidays do 58 

By  assisting  lock-hands  other  labor do 21^ 

Work: 

Cnbic  yards  excavated  during  the  year 60,934 

Cubic  yards  excavated  per  working  day 421,688 

Salaries: 

For  the  year ! |10,196  19 

Per  day 33,104  00 

Repairs : 

For  the  year 2,764  40 

Per  day 8,975  00 

Total: 

For  dred^ug  only , 6,080  53 

Per  working-day  of  actual  dredging 42  08 

Per  cubic  yard  excai^ated .099 


supbrintendence,  management,  and  repair  of  the  louisville 
and  portland  canal  for  the  year  ending  december  31, 1879. 

War  Department, 
Washington  City,  January  16, 1880. 

The  Secretary  of  War  has  the  honor  to  transmit  to  the  United  States 
Senate,  for  the  information  of  the  Committee  on  Commerce,  a  copy  of 
report  of  Maj.  Godfrey  Weitzel,  of  the  Corps  of  Engineers,  on  the 
superintendence,  management,  and  repair  of  the  Louisville  and  Port- 
land Canal  for  the  year  ending  December  31, 1879,  with  letter  of  the 
Chief  of  Engineers  submitting  the  same. 
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The  report  is  approved  j  and  in  accordance  with  the  provisions  (rf 
section  3  of  the  act  of  Congress  of  May  11, 1874  ri8  Stat.,  p.  44),  the 
rates  of  toll  existing  daring  the  year  1879,  as  statea  in  the  letter  of  tiie 
Ohief  of  Engineers,  are  declared  and  fixed  as  the  charges  to  be  collected 
for  the  current  calendar  year. 
Eespectfnlly  submitted. 

Alex.  Bamset, 
Secretary  of  War, 

The  PRESIDENT 

of  the  United  States  Senate. 


rt» 


LETTER  OF  THE  CHIEF  OF  ENGINEERS. 
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Office  of  tkr  Chief  of  Engineers, 

Washingtonj  D.  C,  January  12, 1880. 

Sir  :  To  comply  with  the  requirements  of  section  3  of  the  act  of  May 
11, 1874,  providing  for  the  payment  or  the  bonds  of  the  LouisviUe  and 
Portland  Canal  Company  (Statutes  at  Large,  vol.  18,  part  3,  page  43), 
I  have  the  honor  to  submit  herewith  copies  of  the  report  of  Maj.  (xod- 
frey  Weitzel,  Corps  of  Engineers,  on  the  superintendence,  management, 
and  repair  of  that  canal  for  the  calendar  year  ending  December  31, 1879, 
and  of  the  receipts  and  expenditures  for  the  same  period. 

It  will  be  seen  that  the  receipts  during  the  past  year  amounted  to  the 
sum  of  $47,370.80,  and  the  total  expenditures  during  the  same  period  to 
$81,604.23,  an  excess  of  expenditures  over  receipts  of  $34,233.43.  The 
balance  on  hand  January  1, 1879,  was  $57,793,14,  and  the  amount  on 
hand  January  1,  1880,  is  consequently  $23,559.71. 

As  in  previous  years,  improvements  and  repairs,  in  the  order  of  their 
necessity,  were  made  as  rapidly  as  a  due  regard  for  economy  and  expe- 
diency would  permit,  and  it  will  be  seen  that  the  policy  adopted  of 
continuing  to  place  the  canal  and  its  appurtenances  in  better  working 
condition  has  gradually  and  steadily  given  increased  facilities  to  it« 
business. 

During  the  last  half  of  the  year  1874, 274,365  tons  were  passed  throngh 
the  canal,  at  an  expense  of  9.12  cents  per  ton  for  superintendence,  man- 
agement, and  ordinary  repairs;  in  1875,  757,695f  tons,  at  6.14  cents;  ii 
1876,  871,446J  tons,  at  5.6  cents ;  in  1877,  999,610  tons,  at  4.97  cents ;  in 
1878  (with  rates  of  toll  reduced  20  per  cent.),  1,094.942  tons,  at  4.05 
cents ;  and  in  1879  (on  a  business  of  about  six  months),  778,889  tons,  at 
5.63  cents  per  ton. 

The  total  receipts  on  the  canal  from  June  11, 1874,  to  December  31, 
1879,  the  period  during  which  the  government  has  had  charge,  were 
$385,952.09;  total  expenditures,  $362,392.38;  leaving  a  snrplos  of 
$23,559.71.  Of  the  expenditures,$  112,719.92  were  for  permanent  im- 
provements. 

The  past  year  was  the  most  unfavorable  for  the  canal  since  1875,  it 
having  been  closed  by  ice,  high-water,  &c.,  83  days.  On  this  accoant, 
and  in  view  of  the  large  amount  of  work^one  in  improvement  and  re- 
pairs. Major  Weitzel  recommends  that  the  existing  rates  of  toll,  &c,  be 
continued  during  the  current  year,  viz : 

steamboats  and  model  barges^  6^  cents  per  ton. 
Square  barges,  flats,  coal- boa t-s,  &c.,  5  cents  per  ton. 
AIJ  empty  square  barges  and  coal- boats,  4  cents  per  ton. 
Small  boats,  f  4  each. 
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Rafts  of  logs,  <&c.,  menaiirement^  and  rates  the  same  as  for  coal-boats. 

Boats  belonging  to  or  chartered  by  the  United  States,  free. 

Towing,  harbor  rates. 

Use  of  (iredgo,  $2.50  per  honr. 

Use  of  steam-pump,  f2.50  per  honr. 

Use  of  dry -dock,  $15  for  the  first  day  and  $10  for  each  subsequent  day. 

A  further  reduction  is  not  thought  advisable  in  view  of  the  fact  that 
a  number  of  repairs  and  improvements  are  yet  to  be  made,  and  also  for 
the  reason  that  it  is  the  part  of  prudence  to  keep  a  sufficient  surplus  on 
hand  to  provide  for  accidents  more  or  less  liable  to  occur  on  all  canal- 
locks,  and  especially  upon  those  of  large  dimensions. 

Section  3  of  the  act  of  Congress  referred  to  contains  the  following  x>ro- 
vision : 

And  to  ascertain  what  rates  will  pay  current  expenses  after  the  present  year  [1874], 
the  Secretary  of  War  shall,  on  the  first  Monday  of  January  of  each  year,  ascertain 
from  the  expenses  of  the  previous  year  what  tolls  will  probably  pay  the  expenses  of 
the  current  year ;  and  he  shall  fix  and  declare  the  rate  of  tolls  thus  ascertained  to  be 
charged  for  the  current  year  •  *  *  *  and  he  shall,  in  his  next  annual  report,  set 
forth  such  receipts  and  expenditures  and  the  condition  of  said  canal*  with  a  view  to 
such  legislation  as  may  be  necessary  for  the  superintendence  and  management  thereof. 

It  is,  therefore,  respectfully  recommended  that  the  rates  of  toll  above 
mentioned  be  adoptecl  as  those  to  be  declared  and  fixed  by  your  authority, 
in  obedience  to  this  law,  as  the  charges  to  be  collected  for  the  current 
calendar  year. 

As  the  report  of  Major  Weitzel  contains  matter  of  value  relating  to 
commerce  and  navigation,  it  is  suggested  that  it  be  sent  to  Congress  for 
the  information  of  the  Committees  on  Commerce  of  the  Senate  and 
House  of  Eepresentatives. 

Very  respectfully,  your  obedient  servant, 

H.  G.  Weight, 
Chief  of  Engineers^ 
Brig,  and  Bvt.  Maj.  Oen.j  U.  S.  A. 

Hon.  Alexander  Ramsey, 

Secretary  of  War. 


report  of  major  o.  weitzel,  corps  op  engineers. 

United  States  Engineer  Office, 

Detroit^  Mich.j  January  3,  1880. 

General  :  In  accordance  with  your  instructions,  and  to  enable  the 
honorable  the  Secretary  of  War  to  comply  with  the  provisions  of  section 
3  of  the  act  of  Congress  approved  May  11,  1874,  entitled — 

An  act  providing  for  the  paj-nient  of  the  bonds  of  the  Louisville  and  Portland  Canal 
Company — 

I  have  the  honor  to  submit  the  following  report  on  the  superintend- 
ence, management,  and  repair  of  the  Louisville  and  Portland  Canal  for 
the  calendar  year  ending  December  31, 1879 : 

Capt.  A.  N.  Lee.  Corps  of  Engineers,  was  my  assistant  in  immediate 
charge  of  the  work  until  his  death,  October  31, 1879.  Since  that  time 
Mr.  Phil.  J.  Schopp,  who  has  been  in  the  employ  of  the  government, 
under  my  direction,  on  this  work  ever  since  the  original  surveys  were 
begun,  has  been  in  immediate  charge. 

The  usual  tables  are  annexed  for  the  practical  information  of  the  pro- 
fession. 

The  policy  which  was  adopted  when  the  government  assumed  charge 
of  this  work  has  been  continued.    Improvements  and  repairs,  in  the 
109  £ 
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order  of  their  necessity,  were  made  as  rapidly  as  economy  and  other  cir- 
camstances  woald  permit. 

The  following  permanent  improvements  and  repairs  were  made  daring 
the  year,  viz: 

The  grading,  x>art  paving,  and  part  sodding  of  the  extensive  slopes  on 
both  sides  of  the  new  locks  were  finished,  with  the  exception  of  the  sod 
ding  of  about  one-half  of  the  north  slope.  The  berme  between  the  foot 
of  the  slopes  and  the  lock -walls  on  the  south  side  was  covered  with  a 
substantial  concrete  pavement  of  Portland  cement,  according  to  Ingalls's 
patent.  This  improvement  has  not  only  beautified  the  surroundings^ 
but  prevents  the  wash  of  mud  from  the  slopes  and  bermes  into  Sie 
chambers,  which  heretofore  occurred  and  caused  much  trouble  and  delay 
in  the  movement  of  the  gates. 

In  addition  to  the  usual  repairs  upon  gft.tes  and  maohiuery,  a  new  set 
of  chains  and  new  winding  machinery  were  introduced  on  the  upper 
I   I  lift-gates,  and  new  wooden  suspension-masts  erected  at  the  lower  lift- 

gates. 

The  middle  lift-gates  are  in  poor  condition,  and  the  work  of  replacing 
them  by  new  ones  is  now  in  progress.    A  great  delay  in  this  has  been 
\   1  caused  by  the  protracted  low-water  season  of  last  faM  and  the  difficulty 

I   m  of  obtaining  oak  timber  of  proper  dimensions. 

The  lower  lift-gate«  are  also  showing  signs  of  decay,  and  it  will  soon 
be  necessary  to  replace  them  by  new  ones. 

In  due  time  it  is  also  proposed  to  replace  t^e  wooden  masts,  from  which 
the  gates  are  virtually  suspended,  by  iron  columns.  The  former  decay 
rapidly,  and  then  it  becomes  very  difficult  to  adjust  the  gate  suspeDsioD 
rods. 

In  the  early  part  of  the  year  I  asked  for  and  obtained  atithority  to 
make  the  experiment  of  operating  the  gates  by  attaching  a  small  engine 
to  the  gate  machinery.  It  wa«  made  on  the  north  leaf  of  the  middle 
lift  gat^s,  as  these  are  the  heaviest  and  most  difficult  to  operate.  The 
experiment  is  a  perfect  success,  and  I  have  obtained  authority  and  have 
purchased  five  additional  engines  for  the  other  five  leaves  of  the  lift- 
gates.  When  these  are  all  in  place  and  in  operation,  quite  a  reduction 
in  the  force  of  the  lock  hands  can  and  will  be  made. 

The  work  of  rebuilding  the  old  locks  is  completed,  with  the  exception 
of  hanging  the  gates.  This  will  be  done  in  a  few  days.  The  three 
chambers,  each  a^ut  198  feet  long,  5U  feet  wide,  and  having  a  lift  of  8  fe^ 
65  iDches,  have  been  converted  into  two  chambers,  having  a  capacity  for 
passing  vessels  258  feet  long,  49^  feet  wide,  and  having  a  lift  of  12  feet 
10  inches  each. 

These  old  locks  are  also  furnished  with  a  new  set  of  guard-gates,  and 
the  upper  lift-gates  will  soon  require  renewal. 

This  improvement  of  the  old  locks  will  assist  materially  in  passing 
coal- vessels  in  the  cases  of  coal-runs,  which  occur  about  three  or  four 
times  a  year,  and  cause  delay  for  a  short  period,  and  will  pass  vessels 
during  the  short  period,  which  has  occurred  a  lew  times  on  a  rising 
river,  when  the  water  has  reached  the  11^-foot  mark  on  the  canal-gaoge. 
At  this  stage  the  new  locks  are  impassable,  and  the  falls  also.  I^  in- 
proved  old  locks  permit  passages  to  the  14^foot  stage  by  tlie  cao^* 
gauge,  and  then  the  falls  become  passable  for  ascending  boats. 

The  dry-dock  id  kept  in  serviceable  condition  by  frequent  minor 
repairs,  but  until  the  question  of  its  enlargement  to  the  capacity  of  the 
new  lock-chambers  is  definitely  determin^  upon,  it  is  not  economy  to 
make  extensive  repairs. 

There  has  not  been  so  much  work  for  the  dredges  during  the  year  as 
in  former  years,  owing  to  a  less  deposit  being  brought  down  bv  the 
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river;  but  both  of  them,  as  well  as  the  tow-boat,  have  been  profitably 
employed  during  their  leisure  from  legitimate  duties  in  various  ways  on 
the  work  of  repair  and  improvement 

The  tow-boat  received  a  new  coat  of  paint  and  new  cylinder  timbers, 
besides  smaller  repairs ;  the  mud-scows  were  i*ecalked ;  dredge  No.  1 
received  a  new  crane,  and  dredge  No.  2  minor  repairs.  The  latter  will 
soon  require  a  new  hull  and  boiler. 

At  the  workshops  no  new  machinery  was  added,  but  an  additional 
shed  was  built  from  old  material  to  protect  the  carpenters  while  at  work 
on  new  lock-gates. 

In  addition  to  minor  repairs  on  tow-boat,  dredges,  mud-scows,  barge, 
and  bridges,  the  shed  above  referred  to  was  built  and  the  following 
work  was  done,  viz :  A  new  dredge-crane  and  new  guard-gates  for  old 
locks  were  constructed ;  the  steam-engine  at  middle  gates  was  placed  in 
I>osition ;  fences  were  completed ;  a  new  miter-sill  for  the  lower  gates  of 
old  locks  laid ;  new  anchor-bolts  and  suspension-rods  for  the  new  gates 
of  old  locks  were  made,  and  the  timbers  for  the  new  middle  gates  of  the 
new  locks  were  planed. 

A  store-boat  for  the  wickets  and  connecting-rods  of  the  movable  dam 
in  the  Indiana  Chute,  at  the  crest  of  the  falls,  and  the  bed  timbers  and 
plank  for  wickets  were  planed  and  prepared  for  the  reception  of  trestles, 
and  the  whole  structure  set  up  and  fitted  at  the  shops,  preparatory  to 
being  blaced  in  its  position  when  the  stage  of  water  will  permit. 

The  grounds  around  the  superintendent's  and  collector's  offices  were 
filled  in  and  improved  with  the  material  derived  &(Hn  grading  the  slope 
on  the  south  side  of  the  new  locks. 

The  number  of  permanent  employes  is  at  present  fifty,  a  reduction 
of  one  from  last  year.  As  soon  as  all  the  engines  for  operating  the 
^ates  are  in  position  there  will  be  a  considerable  reduction  in  the  per- 
manent force. 

The  monthly  pay-roll  of  the  permanent  force  now  amounts  to  $3,185. 

The  pafit  year  was  the  most  unfavorable  one  for  the  canal  since  1875. 
On  this  account,  and  the  great  amount  of  work  done  on  improvements 
and  repairs,  the  cash  balance  has  been  reduced  during  the  year  from 
$57,793.14  to  $23,559.71.  On  this  account  I  recommend  that  the  present 
rate  of  tolls,  &c.,  be  continued  during  the  present  year. 

During  the  year  the  canal  was  closed  by  ice  and  high-water  68  days, 
and  for  repairs  15  days ;  total,  83  days. 

In  July  the  water  in  the  river  went  down,  and,  with  the  exception  of 
a  slight  swell  in  August,  it  nearly  touched  extreme  low- water  mark, 
remaining  down  until  November  23.  This  long-continued  low  stage  had 
its  bright  side,  however.  It  enabled  us  to  do  a  great  deal  of  work  on 
the  improvement,  as  well  as  on  the  superintendence,  managment,  and 
repair,  at  very  economical  prices.  Practically,  the  business  of  the  canal 
was,  therefore,  completely  or  x>artially  suspended  during  about  seven 
months  of  the  year. 

There  were  passed  through  the  canal  during  the  year  848  passenger- 
boats,  201  tow-boats,  356  model  barges,  1,329  square  barges,  and  434 
small  boats ;  a  total  of  3,168  vessels,  representing  a  registered  under- 
tonnage  and  me^asured  capacity  of  778,889  tons. 

Eleven  million  five  hundred  and  eight  thousand  bushels  of  coal, 
116,260  barrels  of  salt,  and  20,155  tons  of  iron  ore  passed  through 
during  the  year. 

From  June  11,  1874,  to  December  31,  1874,  274,305  tons  were  passed 
through,  at  an  expense  of  9.12  cents  for  superiiitendeuce,  management, 
and  ordinary  rei)airs;  in  1875,757,0953  tons,  at  6.14  cents;  in  1876, 
871,440i  tons,  at  5.0  cents;  in  1877,  999,010  tons,  at  4.97  cents;  in  1878 
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(with  rates  of  toll  reduced  20  per  cent),  1,094,942  tons,  at  4.05  oente; 
and  in  1879  (on  a  business  of  about  six  months),  778.889  tons,  at  5.65 
cents  per  ton. 

The  receipts  during  the  past  year  amounted  to  §47,370.80,  and  the 
total  expenditures  $81,604.23.  The  expenditures  exceeded  the  receipts 
by  $34,233.43.  There  was  on  hand  at  the  be^nning  of  the  year  tiie 
sum  of  $57,793.14;  consequently,  the  amount  on  hand  at  the  beginning 
of  the  present  year  is  $23,559.71. 

It  will  be  seen  by  reference  to  the  annexed  table  that,  in  spite  of  the 
unfavorable  season,  the  receipts  for  the  year  exceed  the  expense  of 
superintendence,  management,  and  ordinary  repairs  by  $3,486.49. 

The  amount  expended  for  permanent  improvements  during  the  year 
was  $37,719.92,  and  for  running  exi)enses,  including  ordinary  repairs, 
was  $43,884.31. 

The  total  receipts  on  the  canal  from  June  11,  1874,  to  December  31, 
1879,  during  which  period  the  government  has  had  charge  of  it,  amounted 
to  $385,952.09,  the  total  expenditures  $362,392.38,  leaving  the  sorploa 
of  $23,559.71. 

Of  the  amount  expended  $112,719.92  wa«  for  permanent  improvement 
The  total  amount  expended,  therefore,  for  superintendence,  manage- 
ment, and  ordinary  repairs,  after  deducting  $23,559.71,  the  balance  on 
hand  at  the  beginning  of  this  year,  was  $226,112.75. 

During  this  period  4,786,949.05  tons  (registered  or  measured  capacity) 
were  passed.  The  average  expense  per  ton  was,  therefore,  a  fraction 
less  than  five  cents  per  ton. 

By  the  use  of  the  canal  force  and  machinery  in  the  canal-shops  a 
saving  of  about  $30,000  below  fair  contract  prices  has  been  effect&d  in 
the  work  already  done. 

Mr.  Schopp,  assistant  engineer,  superintendent  of  the  canal,  and  his 
assistants  have  performed  their  duties  in  their  usual  praiseworthy  man- 
ner.   Mr.  Schopp's  report  to  me  is  embodied  in  the  above. 

Annexed  hereto  are  the  financial  and  other  statements  for  the  year. 
Yery  respectfully,  your  obedient  servant, 

G.  Weitzel, 

Brig.  Gen.  H.  G.  Wright,  Major  of  Engineern. 

Chief  of  Engineers y  U.  S,  A, 


Financial  statement  for  calendar  year  ending  December  31,  1679. 


£xi>eiiditures. 


Deposits. 


Month. 


Amonnt. 


Mpnth. 


January  . . 
February  . 

March 

April 

May 

Jane 

Jnly 

August . . . 
September 

October 

November , 
December. 


1879. 


Total. 


$3,240  00 
4, 282  91 
1.233  66 
8,  350  44 
5,  936  12 
5, 876  21 
7,282  89 
496  91 
7,388  24 
8.897  47 

18,  646  39 
9,972  99 


81,604  23 


Jannary . . . 
February  . 

March 

April 

May 

June 

July 

August  — 
September 
October  — 
November . 
December.. 


1879. 


Amooiit 


•S4S 
2,329  2J* 
1.57$» 
«.S42« 
6.393  8! 
4,915«5 
3,097:1 
5.C3CII 
3,A«« 

726  5! 
4.0C3  74 
7,817« 


Total 47, 370  » 


Bahmce  in  bank  December  31, 1878 $^.7K14 

£xcesB  of  expendiVoies  ovex  TdoeVptA S4,' 28  iS 
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Financial  statement  for  calendar  year  ending  December  31,  1879. 


Beceipts. 


Ton* 

Rente 

Use  of  dry-dock *. 

To  waee 

XTse  of  Bomps 

XJae  of  dredge 


Amount. 


Total. 


$46,756  43 

262  50 

177  60 

107  50 

16  87 

60  00 

47, 370  80 


Expenses. 


Amount. 


Lockage  department $30, 928  47 

Dredge  department i      12,955  84 

Improvements !      37^719  92 


Total I      81,604  23 


Balance  in  bank  December  31,  1878 $57,793  14 

SxcesB  of  expenditares  over  receipts  in  year  1879 34,223  43 

Balance  on  hand  December  31,  1879 23,559 


Statement  of  the  cost  of  superintendenoe.  management^  ^Cyfor  calendar  year  ending  Decern 

her  31,  1879. 


Month. 


January  . . 
February . . 

Mttrch 

April , 

May 

Jane 

July 

August 

Septemlier . 

Ckitober 

If  ovember . 
I>ecember  . 


Lockage  department 


$2, 
2, 
2, 
2, 
2, 
2, 
2. 
2. 
2, 
2. 
2, 
2, 


375  00 
375  00 
375  00 
340  00 
325  00 
325  00 
325  00 
325  00 
325  00 
325  00 
350  00 
566  24 


Total 28,331  24 


$168 
45 
101 
199 
327 
123 
193 
119 
230 
428 
46 
175 


39  $11 
19  5 
75'.... 

97|  7 
15'  6 
38  6 


67 


81 
50 
68 
01 
49 


5 
5 


00 
61 
04 
09 

78 


11 
10 


54  15 


Dredge  department 


3 


70  $75  10  $2, 630  lOj  $795  00 

16  50,  2, 442  36  841  66 

27  50  2,  504  25  835  00 

2,  546  97  835  00 

58  88  2, 717  64  835  00 

2,  454  42i  835  00 

24  00  2, 648  80j  835  00 

2,  450  28!  899  65 

2,  555  68!  835  00 

98;  40  30  2,  805  29  845  67 

06  62  OOl  2, 468  55;  835  00 

56!  46  70!  2, 804  04l  835  00 


i 


$100  86 
260  00 
225  95 
263  11 
150  77 
709  39 
395  35 
350  24 
134  78 
18  21 
179  70 
165  50 


e 
H 


$895 

1,101 

1,060 

1,098 

985 

1,544 

1,230 

1,189 

969 

863 

1,014 

1,000 


86; 
661 
95 
11 
77 
39 
35 
89 
78 


6 
> 

2 

p« 

s, 

9 

i 


a 

a 


3 
s 


$687 
127 
1,565 
934 
2,451 
3,033 
2,137 
6,431 
2,688 
88110, 465 
701  1,873 
50   5,323 


15  $4, 213  20 


75 
91 
68 
35; 
42 
16 
60 
48 
78 
25 
39 


3,  671  77 
5, 131  11 

4,  579  76 
6,154  76 
7.032  23 

5,  916  31 
10, 071  77 

6, 153  78 

14, 134  95 

5,356  50 

9,U7  93 


2, 159  86  86  39  350  98,30, 928  47 10, 001  98  2  953  8612, 955  84  37, 719  92  81,  604  23 


Work  of  dredging  department  and  expenditures  on  it  for  the  calendar  year  ending  December 

31,  1879. 

Time  dredging 132  days* 

Time  lost  by  ice 20  days- 

by  high-water 51  days* 

by  employment  at'falls  and  old  locks 85  days. 

by  Sundays  and  holidays 58  days. 

by  asMisting  lock-hands  and  other  labor 19  days. 

Cubic  yards  excavated  during  year 51,338 

Cubic  yards  excavated  per  working-day , 388. 92 

Salaries  for  the  year $10,001.98 

per  working-day $75,772 

Cost  repairs  for  the  year 1 $2,  953.86 

per  working-day ^ $22,377 

for  dredging,  132  working-days $3, 617. 15 

per  working-day $27.25 

l)er  cubic  yard  excavated $0,704 
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APPENDIX   X. 

IMPROVEMENT  OF  OHIO  RIVER ;  OF  MONONGAHELA  RIVER,  WEST  VIR- 
GINIA, AND  OP  ALLEGHENY  RIVER,  PENNSYLVANIA — HARBOR  OF 
REFUGE  NEAR  CINCINNATI,  AND  ICE  HARBOR  AT  THE  MOUTH  OF 
THE  MUSKINGUM  RIVER,  OHIO. 


report  of  major  william  e,  merrill,  corps  of  engineers,  bvt. 
col.,  u,  s.  a.,  officer  in  charge,  for  the  fiscal  year  ending 
june  30,  1880,  with  other  documents  relating  to  the  works. 

United  States  Engineer  Office, 

Cincinnati^  Ohio^  July  31, 1880. 

General  :  I  have  the  honor  to  submit  herewith  the  annual  reports 
OQ  the  works  under  my  charge,  for  the  fiscal  year  ending  June  30, 1880. 
EespectfuUy,  youi*  obedient  servant, 

Wm.  E.  Merrill, 

Major  of  Engineers. 

Brig.  Gen.  H.  G.  Wright, 

Chief  of  Engineers^  U.  S.  A. 


X  I. 

IMPROVEMENT  OF  THE  OHIO  RIVER. 

The  following  is  a  statement  of  the  work  done  on  the  Ohio  River  dur- 
ing the  fiscal  year  ending  June  30, 1880 : 

works  of  construction. 

Davis  Island  (5  miles  below  Pittsburgh). — ^The  movable  dam  under  con- 
struction at  this  locality  is  in  charge  of  Lieut.  F.  A.  Mahau,  Corps  of 
Engineers.    His  annual  report  is  as  follows : 

From  June  30,  1879,  work  progressed  vigorously  until  December  6,  when  every  thing 
had  to  close,  owing  to  lack  of  funds.  During  this  time  all  the  laud-wall,  including 
the  gate  recesses,  had  been  completed,  except  the  coping ;  the  filling  and  empt>ang 
culverts  were  built ;  the  excavations  were  made  for  a  length  of  220  feet  of  the  river- 
wall  and  for  the  Chanoine  dam  at  the  head  of  the  lock  ;  the  concrete  foundations  were 
put  in  and  completed  for  205^  feet  of  the  river-wall  and  for  the  Chanoine  dam  ;  and 
about  85  per  cent,  of  the  stone  Aoot  of  the  Chanoine  dam  was  laid. 

The  length  of  the  development  of  the  land-wall,  including  the  gate  recesses.  isl,lB9 
feet.  The  foundation  of  the  river- wall  is  V^M  feet  long,  and  the  superstructure  689 
feet. 
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The  quantities  of  masonry  put  in  are  as  foUows: 


Part  of  work. 


5^ 


Upper  wall,  lower  recess 

Ix>wer  wall,  lower  recess 

Mainlandwall 

Chanoine  Dam 

Filling  conduit 

Bmptying  conduit 

Floor,  upper  recess 

Floor,  lower  recess 

Foundation  river- wall 

Foundation  dam  at  head  of  lock 
Sewer 


218.3 
857.9 
109.6 


I 


.a  C 


51.6 

597.1 

1,532.8 

36.2 
100.2 
279.4 

98.5 
112.9 


27. 


1, 185.  8       2,  896.  4 


5 


tm 

3  • 


120.8 
7a  2 


10.1 


209.1 


1,C 
1,21 


2.W 


Making  a  total  of  6,938  cubic  yards  of  masonry  of  all  sorts. 

The  accounts  of  the  work  have  been  kept  with  great  care  for  details,  and  I  I 
hox)ed  to  be  able  to  present  figures  for  use  in  making  estimates.  During  the  bi 
working  season  the  accounts  could  not  be  kept  up  to  date,  and  when  the  work  eeat 
the  office  force  was  reduced  to  such  an  extent  that  the  figures  needed,  could  not 
made  up.    This  work  wiU  therefore  have  to  be  postponed  for  the  time  being. 

Portland  Bar  (603  miles  below  Pittsburgh). — Proposals  for  constmcti 
a  dike  at  Portland  Bar  were  invited  by  advertisement  dated  Septeml 
1^  1879,  the  approximate  of  materials  required  being  as  follows : 

700,000  feet,  board  measure,  timber. 
(50,000  pounds  iron  driffc-bolts. 
18,000  cubic  yards  riprap  stone. 
150  cords  brush. 

The  following  bids  were  received  and  opened  at  Cincinnati  on  Octol 
9,  1879 : 


a 


1 

2 
3 
4 

"5 

7 
8 
9 
10 
11 
12 
13 
14 
15 
16 
17 


Bidders. 


£.6.P6]in 

Shipmau  Murphy  

Hine  Sc  Mafnirity 

Wheeler  &  Co 

Jonathan  Taylor 

James  Burke* 

Jacob  S.  Lowry 

Thomas  P.  Shanks  &  Co , 

C  harles  E.  C lark 

Hill  Sl  McKechney 

Willard  Johnson 

ColvlUe  &  Howard 

F.  Jarecki 

W  aiiam  H.  Hawkins 

C.H.CaUahau 

McKenzie  &.  Murphy 

Robert  C.Kerr 


timber 
M. 

Square 
per 

119  00 
20  00 

19  75 

20  00 

21  00 

23  00 

22  50 
27  50 

24  00 

23  00 

27  00 

24  50 

26  79 

28  50 

38  50 

37  00 
35  00 


s 

u 


$0  64 
78 
88 
90 
93 
90 
97 
90 
08 
25 
25 
40 
36 
.50 
35 
67 
50 


2 

pq 


O 


< 


I 


$1  00 
5  OO 

2  00 

3  OO 


$0  04 
06 


1 
3 
1 
1 


8.5 
00 
50 
50 


05 

06 

05i 

06 

05 

05 


90 

06 

2  25 

85 

3  00 

05 

2  50 

05 

1  76 

03i 

2  00 

06 

3  50 

07J 

4  50 

041 

3  50 

07 

32,» 

t  32.« 

34,25 

55.01 

;  36.35 

36,43 

38,67 

1  39.37 

I  41.99 

I  44,85 

45,72 

1  45.82 

50,83 

56,1! 

59.4}« 

74.2:: 


A  contract  was  made  October  25, 1879,  with  the  lowest  bidder,  - 
E.  G.  Penn,  of  Amelia,  Ohio. 

The  contractor  has  made  considerable  progress  in  collecting  mater 
and  will  begin  the  actual  work  of  construction  as  soon  as  the  stage 
water  will  permit.  Nothing  further  has,  thus  far,  been  practicable  sii 
the  contract  was  made. 
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French  Island  (760  miles  below  Pittsburgh). — ^The  repairs  of  this  dike, 
authorized  by  letters  of  the  Chief  of  Engineers  dated  November  7, 1878, 
and  August  9, 1879,  were  completed  in  November,  1879.  The  dike  has 
been  strengthened  for  a  distance  of  1,890  feet  from  its  root  (about  one- 
half  its  entire  length),  by  a  row  of  piling  driven  along  its  upper  or  chan- 
nel face  and  connected  by  horizontal  wale  pieces  bolted  near  their  tops; 
the  whole  being  supported  by  a  backing  of  brush  and  stone  placed  on 
the  sloping  face  of  the  dike.  It  is  expected  that  this  revetment  will 
enable  the  dike  to  withstand  the  eflFect  of  ice,  which  has  hitherto  been 
the  cause  of  annual  damage. 

The  dike  now  turns  the  water  at  the  6-foot  stage.  The  amount  of 
material  expended  during  the  season,  June  12  to  November  SO,  1879,  is 
as  follows : 

1,006  piles, 

456  cords  brush,  and 
6,749  cubic  yards  of  stone. 

The  work  of  repair  was  done  by  contract  with  C.  M.  Cole,  the  con- 
tractor for  Evansville  Dike,  and  at  the  prices  named  in  the  contract  for 
the  latter  work. 

Evansville^  Indiana  (783  miles  beloic  Pittsburgh), — The  repairs  of  this 
dike,  under  contract  with  C.  M.  Cole,  dated  September  30,  1878,  were 
completed  during  the  month  of  September,  1879.  A  spur-dike  to  arrest 
the  scouring  action  developed  below  the  main  dike  has  also  been  con- 
structed. This  dike  starts  from  the  Kentucky  shore  about  300  feet  below 
the  root  of  the  main  dike  and  extends  some  240  feet  into  the  river;  it 
has  a  width  of  25  feet  and  its  top  is  at  the  height  of  the  8-foot  stage. 
The  amount  of  material  exi)ended  on  these  dikes  (June  1  to  September 
27)  is  as  follows : 

75  piles, 
735  conls  brush,  and 
6,692  cubic  yards  stone. 

Henderson  Island  (796  miUs  beUnv  Pittsburgh), — The  repairs  of  the  dike 
and  dam  at  Henderson  Island,  authorized  by  department  letter  of  Sep- , 
tember  25, 1879,  were  made  between  October  15  and  December  5, 1879. 

Three  hundred  and  fifty  cubic  yards  of  stone  were  expended  in  repairing 
a  gap  in  the  dike  which  projects  from  the  Indiana  shore,  and  339  cords 
of  brush  and  1,722  cubic  yards  of  stone  were  used  in  strengthening  the 
*dam  which  closes  the  chute  on  the  Kentucky  side  of  the  island. 

This  work  was  also  done  by  contract  with  the  contractor  for  the  Evans- 
ville Dike,  and  at  the  same  prices. 

Orand  Chain  (943  to  948  miles  below  Pittsburgh), — An  allotment  of 
$50,000  for  the  improvement  of  the  Grand  Chain  was  contained  in  the 
river  and  harbor  act  apx)roved  June  18, 1878,  and  a  similar  allotment  of 
$50,000  was  contained  in  the  river  and  harbor  act  approved  March  3, 
1879.  Of  the  first  allotment,  $5,700  was  expended  in  removing  the 
"Arkansas''  and  other  rocks  (as  reported  in  my  last  annual  report)  and, 
with  the  $44^300  left,  it  was  thought  best  to  build  a  longitudinal  dike, 
terminating  m  the  vicinity  of  the  "  Jackson  ^  Eock.  The  design  of  this 
dike  was  to  fence  oflF  the  shore  ledges  that  were  too  expensive  for  removal, 
and  to  increse  the  bottom  scour  so  as  to  develop  the  rocks  that  now  lie 
half  buried  and  are  almost  undiscoverable. 
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Bids  for  this  dike  were  oi)ened  on  the  27th  of  June,  1879,  with  the  fol- 
lowing result : 


Ml 


I  i 


t 


a 

JZ5 


1 
2 

3 

4 

5 

6 

7 

S 

9 

10 

11 

12 

13 

14 

15 

16 


Bidders. 


Pa 

Si 


CM. Cole $0  07 

Tbomaa  P.  Sbanks  &  Co '  10 

James  Burke '  10 

J.S.Routh i  10 

J.  S.  LowTV ,  14 

Kirby  &  ^hipman i  14^ 

E.G.Penn '  10 

M.D.Burke j  14 

Black  &.  Coyne 14 

Peter  4&  Scully 10} 

RL.Wood,jr '  16 

James  McArtbur 18 

Coplinger,  Kirk  &,  Howard 18^ 

J.S.McDonald 20 

McKensie  &  Murphy i  31 

Ph.  Gebertshan ;  80 


s 


$18  00 
17  50 

17  00 
25  00 
22  00 

18  75 

18  00 

21  00 

22  50 
20  46 
29  00 
24  00 

19  50 
24  00 
34  00 
80  00 


9 

F 


$0  88 
99 

1  00 

1  15 
90 
82 

1  25 

1  00 

1 

1 

1 

1 

1 

1 

1 


o 

K 
5 


a 
p 
o 
a 

a 
Z 


05 
374 
23 
25 
60 
66 
65 
2  60 


$1 


1 
1 
2 
3 
1 
1 
1 

1 
4 

1 

4 
5 


50 

$0  03i 

75 

3i 

75 

04 

00 

03 

25 

50 

Si 

00 

03 

50 

04 

10 

034 

87 

05 

95 

03 

00 

04 

75 

04 

66 

04| 
02 

50 

00 

04i 

SasS 


$33,060  00 

39,  7H0  00 

40,  375  00 

43,  300  00 

44,  576  00 
44,615  00 
46.500  00 
47, 150  00 
47,  BOO  00 
50,  885  00 
54,e35  00 
58,800  00 
69, 175  00 
71,600  00 
»),525  00 

189,825  00 


$39. 482  TO 

44,W7S 
45,6T5.<« 

51371  « 
50. 403  » 

4fi.3m:s 

51, 782  a 
52,7»<a 

54,225  9^ 
57, 741  '•• 
62, 415  A 
64,377tt 
72,8Q2« 
76, 758  W 
94,483  35 
198,34125 


A  contract  for  this  dike  was  made  July  12,  1879,  with  the  lowest 
bidder,  C.  M.  Cole,  of  Marietta,  Ohio. 

Subsequently  the  embargo  on  the  appropriations  of  Marcli  3, 1879, 
was  removed  and  bids  were  in\ited  for  the  construction  of  another  dike, 
whose  t-erminus  was  to  be  the  "  Suwannee''  Rock  near  the  foot  of  the 
chain.  The  bids  were  opened  on  October  9,  1879,  with  the  following 
results:  * 


u 
J 


Bidders. 


1 
2 
3 
4 

5 
6 
7 
8 
9 
10 
11 


CM.  Cole 

Jonathan  Taylor 

Thomas  P.  Shanks  Sc  Co 

Shipman  &.  Murphy 

James  Burke 

Jacob  S.  Lowry 

Colville  &  Howard 

Hill  &  McKechnoy 

Tj)ton  &,  Johnson 

Willard  Johnson 

McKenzie  &  Murphy. . . 


ad     timber 
linear  foot. 

timber 
M. 

er  cubic 
rd. 

r  pound. 

X 

o 
e 

em* 

G 

ja 

U2 

9  u 

5 

a 

bC 

it. 

$20  00 

2 

< 

$0  07 

$0  98 

$0  07 

$1  50 

$48.S25M 

09} 

17  75 

98 

•       05i 

1  50 

48,990  0* 

094 

18  00 

95 

1  25 

49.867  » 

11 

21  00 

81 

06 

2  00 

50.41C«< 

094 

18  00 

97 

07 

1  25 

5L4S2  5i 

loj 

22  50 

98 

05 

1  50 

53,525  0« 

10 

19  00 

1  30 

05 

1  00 

.59.34O0V 

15 

22  00 

1  50 

05 

2  25 

73,732  5« 

20 

24  00 

1  30 

05 

4  00 

81,090«l 

25 

28  00 

1  12 

05  1 

3  30 

81,625  00 

57 

35  00 

1*85 

04i; 

5  00 

106,862  > 

The  contract  was  awarded  to  the  lowest  bidder,  C.  M.  Cole,  of  Mari- 
ette,  Ohio,  and  was  executed  October  25, 1879. 

The  first  dike  starts  from  the  Illinois  shore,  above  the  Jackson  Rock, 
and  curves  do>vn  stream,  gradually  becoming  parallel  with  the  current 
It  is  to  have  a  length  of  3,000  feet,  and  will  be  built  to  a  height  of  8  feet 
above  low-water,  with  a  width  of  20  feet.  Up  to  the  height  of  4  feet 
above  low- water  the  dike  will  consist  of  sepai'ate  cribs  of  round  timber, 
30  to  50  feet  long,  placed  end  to  end  as  nearly  in  contact  as  x>o8sible. 
and  filled  with  stone.  On  the  top  of  the  independent  bottom  cribs,  or 
from  4  to  8  feet  above  low- water,  will  be  placed  a  superstructure  of 
square  timber.  This  superstructure  will  have  a  width  of  18  feet,  and 
will  be  a  continuous  work,  connecting  and  firmly  binding  together  the 
independent  bottom  cribs.  Work  wa«  begun  on  this  dike  on  November 
10,  and  was  continued  until  the  end  of  December.    During  this  time  the 
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substructure  was  extended  for  a  distance  of  250  feet  from  the  bank, 
and  the  shore  protection  at  the  root  of  the  dike  was  nearly  completed;  a 
I)ortion  of  the  superstructure  was  also  built. 

The  dike  at  the  foot  of  the  chain  starts  from  the  Illinois  shore,  and 
runs  down  stream  in  a  curve,  gradually  becoming  parallel  with  the  cur- 
rent, and  terminating  at  the  "Suwannee''  Eock.  It  is  also  to  have  a 
length  of  3,000  feet,  and  is  to  be  built  in  all  respects  in  a  similar  man- 
ner to  the  one  at  the  head  of  the  chain.  Work  was  begim  in  May,  1880, 
but  owing  to  high-water  it  has  thus  far  been  necessanly  limited  to  the 
bank  protection  at  the  root  of  the  dike  and  to  the  collection  of  material 
for  construction. 

Removal  of  rocks. 

During  October  and  November  the  Ohio  was  unusually  low,  and  both 
the  snag-boat  and  dredges  were  compelled  to  tie  up.  I  therefore  directed 
that  their  crews  be  employed  in  removing  rocks  from  the  bed  of  the 
river  by  blasting  or  otherwise.  With  the  approval  of  the  Chief  of  Engi- 
neers, several  other  parties  were  also  organized  for  this  work.  The 
opportunity  was  a  very  unusual  one,  and  although  the  work  was  soon 
stopped  by  a  rise,  the  benefits  were  very  great,  and  were  highly  appre- 
ciated by  the  river  interests.  The  following  is  a  detailed  statement  of 
the  work  done  by  the  several  parties : 

The  party  under  charge  of  Capt.  John  Gordon,  of  Pittsburgh,  began 
work  at  Whitens  Ripple  and  the  Trap,  11  miles  below  Pittsburgh,  on  Octo- 
ber 7.  After  thoroughly  removing  the  troublesome  rocks  from  this  shoal, 
the  party  worked  upstream  to  Deadman^s  Island.  Merriman^s  Ripple^ 
Ihtff^s  Bar,  and  Lowrie^s  Ripple.  Good  woiic  was  done  at  each  of  these 
places.  The  rocks  were  generally  removed  by  means  of  stone-sleds  drawn 
by  horses,  the  larger  rocks  being  broken  up  with  powder  to  a  size  that 
would  admit  of  their  being  handled.    Work  was  closed  on  November  15. 

The  party  under  charge  of  Capt.  Marsh  Hays  removed  a  cluster  of 
rocks  from  Beaver  Shoals,  27  miles  from  Pittsburgh,  between  October  2 
and  October  9. 

Crew  of  dredges. — ^The  work  done  by  this  party  has  been  tabulated  by 
the  engineer  in  charge,  as  follows: 


Place. 

Rooks  re- 
moved. 

1 
Weight 
in  tons. 

Lowrie's  RinBle J 

108 

9 

45 

2 

2 

8 

398 

103 

2 

108 

635 

36 

1,369 

195 

1 

390 

Le<lf;e  .. 

342 

206 

2r2 

Ledire  .. 

17987 

714 

580 

Ledge  .. 

35.9 

Duff's  Bar 

6.5 

2i£erTimaii'8  Bar 

23.5 

Hays' Bar 

5.0 

WTiite's  Ripple 

4.5 

Sewickley 

13.0 

Deadman  8  Island 

73.2 

Bic  Sewlckley  Creek  

12.0 

Elconom  V.  Pa .--- 

3.5 

Baden,  Pa 

19.8 

Knox's  Bar 

77.1 

Baker's  Yard 

3.0 

Lacock's  Bar 

144.5 

Perry's  Beef 

41.1 

Rochester 

7.9 

Beaver  Bar 

58.0 

Do 

60.0 

Beaver  Shoals 

95.2 

Baccoon  Bar 

38.7 

If  ontsomery  Island 

94.3 

Do  

32.0 

PhiUis' Island 

153.0 

Greoreetown  Island 

97.7 

Line  island ^  ..*     ........   -  .- 

127.9 

Do 

125.2 

Total 

7,512 

1,352.5 

• 

M. 


U 


.t^ 


a; 


i 
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Party  under  direction  of  C'apt.  J.  B.  Daniels,  of  Harmar,  Ohio,  worked 
from  October  20  to  November  1  in  removing  rocks  from  obanuel  at  Bog§9 
Islandj  McMahon^s  Creek  Bar^  and  Little  Grave  Creek  Bar,  situated,  re- 
spectively, 2J  miles,  4  miles,  and  10  miles  below  Wheeling,  W.  Va.  At 
the  two  first-named  places  the  channel  was  thoroughly  cleaned  of  rocks. 
The  work  at  Little  Grave  Creek  was  not  finished  on  account  of  cold 
weather.  Four  thousand  four  hundred  and  seventh'  rocks  of  various 
sizes  were  removed  by  this  party. . 

Party  under  charge  of  Oapt.  J.  li.  King,  of  Belpre,  Ohio,  worked  oa 
the  following  shoals,  situated  between  11  and  49  miles  ]L>elow  Parkers 
burg,  W.  Va.,  viz,  Mustapha  Island,  Lee  Creek  Bar^  Stean  Bar,  Satd 
Creek  Bar,  Oreat  Bend  Shallows,  and  Letart  Falls,  from  October  21  to 
November  15.  About  1,300  rocks  were  taken  from  these  shoals,  some 
of  which  would  contain  several  cubic  yards  each ;  about  one-third  of  tk 
whole  number  would  average  1  cubic  yard  in  volume,  the  rest  measuring 
from  1  to  5  cubic  feet  each.  The  low- water  channel  was  much  imx>roved 
at  each  of  the  places  named. 

Crew  ofsna^'boat — On  account  of  the  extreme  low- water  which  pre- 
vailed during  the  latter  part  of  the  season,  the  snag-boat  was  unable  to 
work,  except  for  one  or  two  days,  from  September  17  to  November  18,  a 
little  over  two  months.  While  the  boat  was  thus  laid  up,  the  crew 
were  employed  in  removing  the  troublesome  rocks  from  Chreenup  Shoah, 
Pogue^s  Shoals,  and  Sandy  Shallows,  greatly  improving  the  channel  at 
these  points.  Two  very  large  rocks  were  also  removed  from  the  channei 
opposite  West  Ironton,  Ohio;  these  rocks  averaged  about  45  cubic  yards 
each,  and  were  very  difficult  of  removal. 

A  total  of  2,055  cubic  yards  of  stone  was  removed  by  the  snag-boat 
crew  while  the  boat  was  laid  up. 

The  party  imder  direction  of  Mr.  Philip  Gk>lay,  assistant  engineer, 
began  operations  on  the  river  below  Evansville  on  October  19  and 
worked  until  November  26. 

At  Highland  Rocks,  near  Uniontown,  Ky.,  51  mile^  below  Evans\ille. 
about  1  foot  in  depth  was  removed  from  the  surface  of  the  **  Center^ 
Rock  (a  portion  of  the  ledge  about  100  feet  long  and  10  feet  wide).  Tbe 
remnant  of  this  rock  is  now  covered  by  a  little  more  water  than  is  found 
on  the  bars  immediately  above  and  below  it.  This  rock  was  found  to  b^ 
composed  of  indurated  clay  or  soapstone.  At  Weston,  Ky,,  81  miles  be- 
low Evansville,  21  rocks,  containing  from  3  to  12  cubic  yards  each,  wew 
removed  from  the  channel.  At  Prior^s  Island,  110  miles  below  Evans 
ville,  29  ix)cks  were  removed  from  the  channel  by  blasting  and  lifting 
out  the  large  fragments  with  a  crane-boat ;  16  rocks  were  also  removed 
from  a  rock-bar  opposite  the  island.  At  the  Sifters  IslandSj  113  miki^ 
below  Evansville,  75  cubic  yards  of  small  stones  were  removed  frt>m  thr 
channel.  At  the  Grand  Chain  the  channel  was  improved  by  removing 
a  depth  of  14  inches  from  the  top  of  the  ^^  Jackson^  Rock.  Ten  isolated 
rocks,  averaging  2  tons  each,  were  removed  from  the  vicinity  of  thr 
"  Grenadier^  Rock.  Two  large  rocks  near  the  channel  below  the  "^r 
kansas^  Rock  were  blasted  and  scattered  into  deep  water,  and  4  high 
rocks  near  the  foot  of  the  Chain  were  also  blown  to  pieces  and  removed 
from  the  channel. 

SNAG-BOAT  E.  A.  WOODRUFF. 

The  snag-boat  E.  A.  Woodruff  began  work  for  the  season  on  June  1. 
and  worked  over  the  river  as  follows :  Cincinnati  to  Wheeling ;  Wheel 
ing  to  Cairo ;  Cairo  to  New  Cumberland,  W.  Ya.;  New  Cumberland  to 
Evansville;  Evansville  to  winter  quarters  iu  the  mouth  of  Green  Kiver. 
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Oue  thousand  and  seventy-four  snags  and  48  wrecks  were  removed 
during  the  season.  Among  the  wrecks  removed  were  those  of  the  Re- 
becca, at  Parkersburg;  the  Brilliant,  at  Gallipolis;  the  J.  C.  Crosley, 
just  below  the  mouth  of  the  Guyandotte;  the  Kat.  Holmes  and  the 
David  Gibson,  at  Petersburg ;  the  Arlington,  at  Smithland,  and  the 
remnant  of  the  Pat.  Cleburne,  at  Cincinnati  tow-head ;  a  model  barge  at 
Sehon's  Landing,  and  one  at  Cairo,  111.;  a  stone-boat  at  Howard  Jen- 
kins' Landing,  and  one  at  Nine-Mile  Bar,  and  a  salt-boat  at  New  Albany, 
Ind. ;  the  remainder  being  wrecks  of  coal-barges. 

The  two  largest  snags  taken  out  were  a  cottonwood  at  Grissom's 
Landing,  Ky.,  and  an  elm  at  the  mouth  of  the  Big  Guyandotte  Eiver ; 
the  former  was  100  feet  long,  6  feet  6  inches  in  diameter  at  the  butt, 
with  a  root  spreading  to  a  diameter  of  30  feet.  .  The  weight  of  this 
snag,  including  the  stump,  was  210  tons,  being  the  heaviest  yet  re- 
moved by  the  boat.  The  other  one  was  79  feet  long,  9  feet  10  inches  in 
diameter,  with  root  spreading  2G  feet,  and  weighed  193  tons.  Both  of 
these  snags  were  full  of  limbs.  On  the  30th  of  June,  the  snag-boat  re- 
moved the  snag  which  simk  the  Salt  Valley,  at  Point  Run  Landing ; 
on  December  1,  the  snag  which  sunk  the  Fashion,  three  or  four  years 
ago ;  and  on  December  2,  the  snag  which  sunk  the  Granite  State,  at 
Warren's  Landing. 

UNITED  STATES  DREDGES  OHIO  AND  OSWEGO. 

Davis*  Island  (5  miles  below  Pittsburgh). — ^The  work  of  excavating  for 
foundations  of  the  lock  at  Davis'  Island,  begun  before  the  close  of  the 
last  fiscal  year,  was  continued  by  one  of  the  dredges  (the  Ohio)  until 
June  18,  when  the  river  became  too  low  to  admit  of  further  work.  Ex- 
cavation made  in  July,  3,733  cubic  yards.  Total  excavation,  June  and 
July,  1879,  15,322  cubic  yards. 

Foot  of  the  Trap  (12  miles  below  Pittsburgh). — ^The  work  of  removing 
a  lump  from  the  channel  at  the  foot  of  the  trap,  begun  June  26,  was 
completed  on  July  1.  Excavation,  July  1,  890  cubic  yards.  Total  ex- 
cafv'ation,  1,949  cubic  yards. 

Foot  of  MerrimarCs  Bar  (lOJ  miles  below  Pittsburgh). — One  cut  was 
taken  from  the  gravel -point  which  projected  from  the  right  bank  of 
the  river,  widening  the  channel  some  40  feet  and  straightening  it  mate- 
rially.   Excavation  made  July  2,  3,  25,  and  26,  2,394  cubic  yards. 

Middletmcfiy  Pa.  (11  miles  below  Pittsburgh). — The  opening  in  the  dike 
at  White's  Ripple,  opposite  Middletown,  was  enlarged  to  a  width  of  250 
feet,  so  as  to  make  a  safe  passage  through  to  the  Middletown  steam* 
boat  landing.  The  usefulness  of  the  dike  is  in  nowise  impaired  by 
this  opening,  as  the  cross-dam  just  below  ettectually  prevents  any  waste 
of  water  through  it  from  the  main  channel  of  the  river.  Amouat  of 
excavation,  July  5  to  July  23,  4,184  cubic  yards  gravel  and  2,760  cubic 
yards  loose  rock. 

Line  Island  (41  miles  below  Pittsburgh). — The  channel  at  the  head  of 
Line  Island  has  been  widened  120  feet  by  dredging  oft'  the  points  of  the 
bars  projecting  from  the  Virginia  shore  and  from  the  island.  Total  ex- 
cavation, July  31  to  August  25,  22,172.4  cubic  yards.  This  channel 
was  materially  widened  by  the  dredges  in  1874,  but  ascending  tows  still 
found  trouble  on  scant  water. 

Stoop^s  Ferry  (13  miles  below  Pittsburgh), — A  little  more  than  one  day's 
work  was  done  by  the  Ohio  in  dredging  out  the  government  quarry- 
landing  at  Stoop's  Ferry,  which  had  become  partly  filled  up  by  wa«h 
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from  the  creek  since  June.    Excavation,  Augfust  28  and  29,  416.7  cubic 
yards. 

Foot  of  Beadman's  Island  (14^  miles  below  Pittsburgh). — A  sudden  rise 
in  Little  Sewickley  Creek  having  thrown  out  a  bar  at  the  moutii  of  the 
creek,  which  would  render  the  passage  of  tows  impossible,  except  at 
the  highest  stages,  the  dredge  Oswego  commenced  its  removal  on  An 
gust  27,  and  worked  ui^til  September  9,  at  which  time  the  river  had 
fallen  so  low  as  to  make  it  impossible  to  continue  dredging.  The  work 
at  this  place  was,  however,  practically  completed  before  the  suspension 
of  work.    Total  excavation,  6,146.4  cubic  yards. 

A  similar  bar  wa«  formed  at  this  place  in  1875,  and  was  removed  by 
dredging  in  1876,  at  which  time  also  a  dam  of  brush  and  stone  was 
built  across  the  mouth  of  the  creek  to  change  its  course  and  thus  pre- 
vent the  formation  of  a  troublesome  bar.  This  dam,  although  success- 
ful in  changing  the  course  of  the  stream,  did  not  prevent  the  reforma- 
tion of  the  bar  a  little  further  down,  and  it  was  therefore  deemed 
advisable  to  construct  another  dam  to  still  fiirther  change  the  course  of 
the  stream.  This  second  dam  was  commenced  on  August  29,  by  the 
crew  of  the  dredge  Ohio,  and  was  completed  on  September  6.  It  is  225 
feet  long  and  contains  30  cords  of  brush,  228  cubic  yards  of  stone,  and 
34  cubic  yards  of  gravel.  It  is  hoped  that  its  construction  will  prevent 
any  further  trouble  from  bars  at  this  place.  "^^ 

Pike's  Island  (83  miles  below  Pittsburgh). — After  completing  the  re- 
moval of  the  bar  at  Deadman's  Island,  on  September  9,  the  dredges 
were  unable  to  resume  work  until  November  22,  when  they  began  5ie 
removal  of  the  Creek  Bar  on  the  Ohio  shore,  opposite  the  foot  of  Pike's 
Island,  so  as  to  straighten  the  channel.  This  work  was  completed  on 
December  12,  and  the  dredges  were  taken  at  once  to  winter  quarters  in 
the  mouth  of  the  Muskingimi  Eiver.  Total  excavation  at  Pike's  Island, 
23,483.3  cubic  yards. 

Iron  hull  for  dredge  Ohio. — The  wooden  hull  of  the  dredge  Ohio  hav- 
ing finally  worn  out,  it  was  determined  to  build  the  new  hull  of  iron, 
and  the  cost  of  such  a  hull  was  included  in  my  annual  report  for  1879-'80. 
Bids  were  invited  for  the  construction  of  this  hull,  to  he  ox>eDed  on  the 
1st  of  October,  1879.  The  only  bid  received  was  that  of  Theodore  Allen, 
of  Saint  Louis,  who  proposed  to  build  the  hull  for  $21,950.  With  the 
approval  of  the  Chief  of  Engineers,  a  contract  was  entered  into  with 
Mr.  Allen  on  October  25, 1879. 

The  scarcity  of  bidders  was  due  to  the  fact  that  the  iron  "  boom  ^  had 
set  in,  and  it  was  almost  impossible  to  get  the  mills,  which  were  over- 
whelmed with  orders,  to  make  contracts  for  iron  for  future  delivery. 

The  hull  was  completed  and  delivered  at  Cincinnati  on  May  10,1879. 
The  dredge  crews  were  immediately  set  to  work  to  transfer  the  old  ma- 
chinery to  the  new  hull  and  to  prepare  it  for  service.  Three  weeks  after 
the  close  of  the  fiscal  year  the  Ohio  began  her  season's  worfe. 

The  following  tables  show  the  details  of  the  work  done  by  the  dredges 
during  the  year  1879 : 

DREDGES  IN   COMMISSION,  1879. 

Day*. 

Time  at  work : 

I>re<lR:ing 84\ 

Wrecking \ 

On  Little  Kanawha  River 3 

Time  lost : 

Traveling 6 

Accidents 13 

High-water '  g 


■I 
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Days. 

I>ow-water 17 

Sumlays 23 

Total ir>5 

Total  on  Ohio  River 152 

Work : 

Ciil)ic  yards  excavation,  gravel,  &c 75, 02.  8 

Cubic;  y anil*  excavation,  rock 5, 4b7.  4 

Total 81,180.2 

Number  wrecks  removed 1 

Cost: 
Equipment — 

For  the  season $518  37 

Per  day  of  work 5  89 

Per  day  in  conuuission 3  41 

Towing : 

For  the  season 5, 095  35 

Per  day  of  work 57  77 

Per  day  in  commission 33  52 

Salaries : 

For  the  season 4,965  98 

Per  day  of  work 56  43 

Per  day  in  commission 32  68 

Repairs : 

For  the  season 288  47 

Per  day  of\\ork 3  16 

Per  day  in  commission 1  90 

DREDGES  OUT  OF  COMMISSION. 

Days. 
Time: 

In  ordinary 174 

Annual  spring  repairs 36 

Total 210 

Cost: 

Salaries  in  ordinary $1,405  00 

Annual  spring  repairs 3, 219  68 

Total - 4,624  68 

Per  day  in  ordinary 8  08 

Expenditures : 

For  dredging $15,401  71 

For  wrecking 91  14 

Total  for  1879 15,492  85 

Per  day  in  commission 119  26 

Per  day  of  work 182  27 

Per  cubic  yard  gravel,  &o 18 

Per  cubic  yard  rock 315 

110  E 
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SPECIAL  SURVEYS. 

During  the  extreme  low-water  season  between  October  15  and  Decem- 
ber 31  special  surveys  were  made  to  determine  tlie  improvement  required 
at  the  following  bars,  viz:  Head  of  Three  Brothers,  Rowland's  Race, 
Sand  Creek,  Oil  Creek,  Puppy  Creek,  Three-Mile  Island,  Blakely  Bar, 
Caseyville,  Tradewater,  Walker's  Bar,  and  Cottonwood  Bar. 

SEDIMENT   OBSERVATIONS. 

The  sediment  observations  ordered  by  department  letter  of  August 
30, 1878,  were  completed  on  December  30,  1879,  and  the  result  of  the 
observations,  covering  the  entire  year  1879,  has  been  sent  to  Col.  Z.  B. 
Tower,  Corps  of  Engineers,  to  be  turned  over  to  the  Mississippi  River 
Commission. 

COMMERCE   OF   OHIO  RIVER. 

It  is  usual  to  obtain  commercial  statistics  from  the  custom-house  re- 
turns, but  as  the  commerce  of  the  Ohio  is  wholly  inland,  and  therefore 
not  subject  to  duties,  no  official  records  are  kept  from  which  to  obtain 
its  amount  or  value. 

The  Chamber  of  Commerce  of  Cincinnati  for  its  own  information  keeps 
a  record  of  the  chief  exports  and  imports  by  boats  and  barges  that  land 
at  this  city,  but  even  these  records  do  not  include  a  large  amount  of 
coarse  articles,  such  as  sand,  gravel,  riprap,  stone,  &c.,  which  come  by 
flat-boats  and  open  barges,  and  which  are  not  reported  on  'Change. 

The  following  table,  taken  from  the  thirty-first  annual  report  of  the 
Cincinnati  Chamber  of  Commerce  (for  the  year  ending  August  31, 1879), 
^ves  the  destination  of  the  principal  articles  exported  from  Cincinnati 
by  water  during  the  year  1878-'9 : 


Articles. 


Alcohol barrels. . 

Ale,  beer,  and  porter do  — 

Apples do  — 

Bs^eing pieces.. 

Sarley bushels. . 

Beans do  — 

Bee/  In  barrels pounds. . 

Beef  in  tierces do  . . . 

Boots  and  shoes cases.. 

Bran,  ship-stuii^  iuo tons.. 

Brooms    dozens.. 

Brooni-com pounds . . 

Butter barrels.. 

Butter    firkins  and  kegs. . 

Candles , boxes. . 

Castings pieces . . 

Castings tons . . 

Cattle head . . 

Cement  and  plaster barrels. . 

C  hairs dozens . . 

Cheese boxes . . 

Coffee ■ bags.. 

Cooperage pieces.. 

Com    — bushels.. 

Corn-meal barrels. . 

Cotton  bales. . 

CTt>ckery,  iuo packages  . 

Bggs boxes  and  barrels. . 

Feathers bags . . 

Fish barrels.. 

Ush kegs  and  kits.. 

Floor barrels.. 


To  New 
Orleans. 


18 

1,250 

7,525 

2,988 

500 

798 

185,  400 

15,300 

659 


2,234 

149,600 

218 

12,607 

23.967 

2,988 

267 

98 

134 

2,719 

4,393 

167 

15, 519 

93 

119 

696 

882 

100 

3 

210 

877 

1,071 


To  other 

down-river 

ports. 


416 

2,387 

31, 496 

13,  425 

11,296 

822 

27,200 

66,640 

14,892 

55 

2,527 

27,900 

90 

4,950 

10, 721 

5,156 

760 

1,285 

1,752 

2,324 

8,613 

18,969 

31. 476 

8,388 

263 

88 

3,610 

6 


4,638 
8,798 
5,188 


To  up- 
river  ports. 


127 

15,  377 

2,3T6 

10 

4,124 

2.811 

49,820 

18,360 

14,540 

1,176 

1,329 

260, 100 

9 

455 

7,755 

1,180 

116 

772 

1^111 

5,274 

9,369 

15,706 

9,484 

414.  777 

2,933 

4,827 

79 

451 

179 

612 

8,035 

52,607 


Total. 


561 

19,023 

41,397 

16,423 

15.  920 

4,431 

262. 420 

90,300 

30,  091 

1,  231 

6,090 

437,600 

317 

18,012 

42,433 

9,324 

1,143 

2,155 

14,007 

10,  317 

22, 375 

34,842 

56.479 

418,258 

3,315 

5,611 

4,571 

557 

182 

5,460 

17, 710 

58,861 
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Articles. 


To  New 
Orleans. 


To  other 

dowu-river 

ports. 


Tonp- 
river  porta. 


Fniit,  dried bushels. 

Fiiruiturc packages 

Glass boxes . 


Glassware packages . 

Grease   tierces . 

Hardware boxes  and  aisks . 

Hay bales . 

Heinp do . . . 

Hides number. 

Hogs do... 

Hog  product,  bacon pounds. 

Hog  pro<luct,  hams do. . . 

Hog  product barrels. 

Hog  product,  in  boxes pounds. 

Hog  product,  bulk do . . . 

Hops bales. 

Horses .' head. 

Iron,  pig t4>ns. 

Iron  and  steel pieces 

Iron  and  steel bundles. 

Ii-on  and  st«el tons. 

Lai-d  in  tiei-ces  pounds 

Lard  in  kegs do. . . 

Lead,  white kegs 

Leather bundles 

Lime barrels 

lialt bushels 

lianufactqres,  sundry packages. 

Merchandise,  sundry do.., 

If  erchandise,  sundry tons 

Molasses barrels. 

Nails kegs 

Naval  stores barrels 

Oats bnshels 

Oil barrels 

Oil-cake tons . 

Onions barrels  and  sacks. 

Peanuts .bags. 

Potatoes barrels  and  sacks. 

Bope,  twine,  &o packages. 

Rye bnshels 

Salt barrels . 

Salt bags. 

Seed,  flax sacks. 

Seed,  grass  and  clover do... 

Sheep head. 

Soap boxes. 

Spices packages. 

Starch boxes. 

Stearine tierces . 

Sugar hogsheads . 

Sugar ^barrels . 

TaUow tieroea. 

Tobacco,  leaf hogsheads . 

Tobacco,  leaf boxes  and  bales. 

Tobacco,  manufactared packages. 

Vinegar barrels. 

Wheat bnshels. 

Whisky barrels. 

Wine  and  liquors do. . . 

Wine  and  liquors baskets  and  boxes. 

Wool bales. 


1,341 

49, 120 

6,490 

14, 198 

30 

4.379 

1.366 

23 


31 

1, 872,  570 

1, 199, 020 

6,131 

344,  500 

54,600 

50 

222 

66 

25,675 

16,293 

1,107 

284,130 

26,865 

524 

190 

6 

2,000 

3,937 

28,496 

1,184 

11 

48,185 

8 

108 

4,553 


1,411 

U 

2,085 

1.119 


1,096 
50 


1.098 

36,352 

85 

33,503 

5 

3 

96 

18 

283 

111 

1,174 

2,279 

38 

17,422 

249 

2,393 

10 


n. 

19, 
13. 
60. 

48, 


20, 

3. 

3,805, 

806, 

1, 
505, 

380, 

1. 

1. 
82, 
23. 
12, 
613, 
72. 
21, 

1, 

1, 
36, 

leu 

1, 

2. 

168, 

3, 
21, 


454 

805 
037 
504 
494 
602 
372 
163 
765 
537 
794 
882 
586 
000 
780 
138 
620 
806 
981 
916 
290 
820 
700 
102 
060 
020 
788 

?^ 

456 
554 
129 
862 
544 
284 


1,007 

521 

5,213 

4,588 

22,284 

36,175 

901 

12 

3,373 

430 

46.979 

639 

22,760 

20 

962 

11,141 

36 

754 

814 

12,  270 

5,474 

7,098 

43,454 

1,770 

3,917 

703 


10,  552 
25.590 

2,  131 

5,194 

518 

16,885 

1,688 

311 

18,439 

14,209 

4,  381,  030 

1,  560.  617 

5.  d»4 

4,684,000 

6.  772.  355 

14.299 

3,342 

1.432 

23,750 

3,387 

1,303 

1, 416,  670 

24.990 

19,805 

2,333 

8.809 

25,404 

541 

206,282 

210 

14,527 

8,750 

8^ 

161,679 

11,  915 

5 

294 

4,177 

13,9B4 

1,455 

9,942 

870 

30 

520 

13,099 

241 

39,801 

132 

18,536 

247 

2,420 

12.832 

175 

5,904 

972 

11,001 

1,424 

113,822 

22,082 

1,339 

i,oe7 

1,327 


Total 


22.317 
94.515 

21.6* 

1,042 

69.866 

3,4^ 

497 

17.867 
10,  im.  2M 
3. 575.  M» 
13.311 
5.533,S» 
7.207.73S 
14,4«?J 
5,1R4 
3,3»4 
132,40$ 
43, 5K 
14, 7W 
2.314.«» 
124.555 
41.431 
3,583 
9.835 
64,192 
5,395 
385.915 
2,850 
17.088 
221,064 
1,758 
165.331 
37.75S 
5 
2.712 
4,70i 
21,288 
7.  le 
32,230 
S8.141 
981 
533 
16.472 
1,7» 
123. 13S 
856 
74, 8» 
272 
3,885 


«.9tl 

1,807 

24,445 

9,177 

120,956 

82,960 

3,358 

7,377 

2,  MO 


This  table  embraces  solely  such  exports  as  are  daily  reported  on  the  books  of  the 
Merchants'  Exchange,  but  does  not  include  any  movement  embraced  in  supplemental 
reports  or  returns,     (oee  crockery,  cooperage,  horses,  oil,  pig-iron,  salt,  and  starch.) 

The  reports  on  these  latter  articles  do  not  separate  the  shipments  by 
river  from  those  by  rail  or  canal,  and  they  cannot  therefore  be  used  to 
complete  the  table. 

The  following  table,  compiled  from  the  report  above  named,  shows  the 
number,  tonnage,  and  movements  of  steamboats,  tow-boats,  and  model 
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barges  which  plied  between  Cincinnati  and  other  ports  during  the  year 
ending  August  31,  1879: 


• 

s 

1 

08 

130 

84 

! 

a 

o 
H 

38,866 
22,  916 
21,787 

Arrivals   of  steam- 
boats. 

Departure  of  steamboats  for— 

• 

• 

1 
1 

?5 

• 

M 

i 

O 

i 

o 
H 

Steamboats 

Tow-boats   

^odel  barires 

Total 

312 

83,569 

2,725 

97 

162             75 

2,396 

2.73f 

STEAMBOATS  AND  MODEL  BARGES  BUILT  AT  CINCINNATI  DURING  THE   YEAR. 

Steamboats 12        Tonnage 6,832 

Model  barges 3        Tonnage V . . . .       810 


15 


7,642 
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Schedule  of  rates  by  nver  on  fourth-close  freight  from  Cincinnati,  during  year  ending 

August  31,  1871). 


Highest 
I«owest 


S 

3 


10 
10 


• 

Louis 

• 

•g 

a 

•S 

V 

A 

^ 

Cents. 

Cents. 

15 

25 

1         10 

20 

ft 

o 


Cents. 
4« 

at 


The  summary  of  the  present  status  of  the  river  commerce  of  Cincinnati 
is  thus  stated  in  the  report : 

To  sum  up  the  whole  year's  work,  the  general  situation  is  encouraging.  The  char- 
act4T  of  the  boats  is  steadily  improving.  The  popularity  of  river  travel  is  increasing, 
which  is  being  the  more  stimulated  by  regular  methods  of  departure  and  arrival.  Im- 
portant problems,  it  is  true,  remain  to  be  solved,  but  in  the  main  the  river  int-erest  of 
Cincinnati  enters  on  the  new  year  with  the  reasonable  promise  of  fair  compensation 
to  itself,  and  promise  of  increased  usefulness  to  the  people  of  the  great  district  tribu- 
tary to  this  city. 

At  Pittsburgh  the  only  avaihible  statistics  are  those  kept  by  the  coal 
exchange,  and  these  refer  exclusively  to  their  own  business.  They  are 
as  follows: 

Coal  shipped  during  1879 bushels..  62,015,300 

Coke  shipped  during  1879 bushels..     3  572,700 

Total 65.588.000 

This  is  a  decrease  from  1878  of  11,237,255  bushels,  due  to  strikes  at 
the  mines. 

There  are  no  other  statistics  that  can  be  obtained  without  great  labor. 
In  lS(i9  my  predecessor,  Mr.  W.  Milnor  Koberts,  caused  to  be  compiled 
as  accurate  a  statement  of  the  value  of  Ohio  River  commerce  as  could 
be  obtained,  and  he  concluded  that  its  annual  value  was  $G1)4,()(M),000. 
I  think  that  this  estimate  is  somewhat  too  large,  but  1  have  no  reliable 
means  of  checking  it. 
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ESTIMATE  FOB  1881-'82. 

During  the  fiscal  year  1881-82  funds  will  be  required  for  contino 
work  on  the  Davis  Island  Dam,  for  the  current  expenses  of  remoT 
snagfs  and  of  dredging  for  the  removal  of  rocks,  for  the  constmct 
of  dikes  and  dams,  and  for  office  and  miscellaneous  exjienses  and  ( 
tingencies.  , 

The  appropriation  of  June  14,  1880,  for  the  Davis  Island  Dam  i 
too  small,  and  too  long  delayed  to  secure  satisfactory  results  during 
present  season.  It  is  expected,  however,  that  the  lock  will  be  comple 
to  at  least  such  a  height  as  will  permit  the  remov^al  of  the  coffer-dai 
and  thus  save  the  difficulty  and  cost  of  protecting  tbeni  from  the  in 
ter's  ice. 

For  continuing  operations  on  this  work  we  need  at  least  $200,0 
ttnd  I  would  earnestly  request  that,  whatever  reductions  may  befoi 
necessary  in  the  appropriations,  this  sum  be  left  intact. 

For  the  annual  expenses  of  snagging,  $25,000  is  neetled. 

For  the  annual  expenses  of  dredging,  $16,500  is  needed. 

For  the  removal  of  loose  rocks  and  bowlders,  we  ought  to  have 
least  $5,000.  This  work  can  only  be  done  in  very  low  water,  and  hei 
can  extend  over  but  a  short  period.  Similar  work  heretofore  done  1 
given  very  great  satisfaction. 

There  are  so  many  dikes  and  dams  yet  to  be  built  on  the  Ohio  Ri 
that  it  is  embarrassing  to  select  those  that  should  first  receive  att 
tion.  The  following  are  among  those  most  needed  j  they  are  named 
the  order  of  their  distance  from  Pittsburgh : 

Merriman^  10  miles  helow  PitUburgh. — This  bar  was  once  the  in< 
formidable  of  all  the  obstructions  to  coal-barge  navigation.  It  is  neo 
Bary  to  make  a  square  crossing  to  the  right  bank,  and  nearly  every  r 
of  coal  paid  toll  to  Merriman  in  the  shape  of  one  or  more  stands 
barges.  In  1871  a  contract  was  made  for  deei>ening  and  straighteui 
this  passage  by  dredging,  and  3,799  cubic  yards  were  removed. 
1872  the  United  States  dredge  Ohio  removed  15,049  cubic  vards.  maki 
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also  prevent  boate  from  drifting  on  to  the  bar.  This  dike  should  be 
about  1,500  feet  long,  and  its  approximate  cost  would  be  $22,000. 

Brown^s  Island^  60  miles  below  Pittsburgh. — The  old  dam  behind  this 
island,  which  was  built  in  1837,  now  requires  repair.  This  work  will 
cost  about  $24,000. 

TJie  Twins,  84  miles  below  Pittsburgh, — The  dam  closing  the  left-hand 
channel  at  the  upper  Twin  should  be  raised,  as  too  much  water  wastes 
through  the  back  channel.  This  dam  is  2,800  feet  long.  It  was  built 
in  1844,  and  was  repaired  in  1867,  1869,  1871,  and  1872.  It  is  wholly 
composed  of  riprap  stone.  Experience  has  shown  that  some  more  durable 
method  of  construction  is  a  necessity,  and  it  is  therefore  proposed  to  cap 
the  existing  low  dam  by  a  superstructure  of  crib  work  in  the  manner 
which  has  proved  so  efficacious  at  White's  and  the  Trap. 

The  approximate  cost  of  this  superstructure  will  be  $20,000. 

The  Brothers,  157  miles  below  Pittsburgh, — The  dam  fi*om  the  left  bank 
to  the  head  of  the  middle  Brother,  begun  in  1864  and  left  unfinished, 
should  be  completed.  The  addition  will  be  about  2,200  feet  long,  and 
the  total  cost  will  be  about  $15,000. 

Sand  Creel;  219  miles  below  Pittsburgh. — A  dike  1,200  feet  long  is 
needed  to  confine  the  channel  over  the  bar.    Estimated  cost  $18,000. 

Twelve  Pole,  311  miles  below  Pittsburgh, — This  is  a  particularly  objec- 
tionable bar,  as  it  occurs  5  miles  below  the  western  tenninus  of  the 
Chesapeake  and  Ohio  Railroad.  A  dike  2,200  feet  long  from  the  Ohio 
shore  would  improve  this  well-known  sticking  place.  The  estimated 
cost  of  this  dike  is  $33,000. 

Medoc,  485  miles  below  Pittsburgh. — A  contract  for  improving  this  bar 
by  a  dike  from  the  Kentucky  shore  was  let  in  1869.  Experience  has 
since  shown  that  the  dike  should  have  been  built  on  the  Ohio  side.  As 
the  present  work  does  not  accomplish  its  purpose,  I  would  recommend 
that  a  dike  be  built  from  the  Ohio  shore,  and  that  the  existing  dike  be 
removed  by  dredging.  A  new  dike,  2,000  feet  long,  will  probably  cost 
$30,000. 

Gunpowder,  508  miles  below  Pittsburgh. — This  is  one  of  the  worst  bars 
between  Cincinnati  and  Louisville.  It  is  believed  that  a  crib-dike  from 
the  Indiana  shore,  2,500  feet  long,  would  remedy  the  difficulty.  Estimated 
cost  $37,500. 

Flint  Island,  682  miles  belaw  Pittsburgh, — A  dike  extending  downward 
from  the  foot  of  the  island  will  improve  the  bad  crossing  at  this  place. 
It  should  l)e  3,500  feet  long,  and  its  approximate  cost  will  be  $84,000,  or 
$24  per  foot.  The  increase  in  cost  per  running  foot  over  the  dikes  above 
Louisville  is  due  to  the  shifting  nature  of  the  bottom,  which  scours  to 
greater  depths,  and  therefore  requires  ailditional  protection. 

Oil  Creek,  683  miles  below  Pittsburgh. — ^This  bar  and  the  preceding  are 
really  one  long  bar.  To  improve  the  crossing  at  this  place  will  require  a 
dike  3,000  feet  long,  at  an  estinated  cost  of  $72,000. 

Puppy  Creek^  743  miles  below  Pittsburgh. — This  is  now  the  worst  bar 
below  Louisville,  the  depth  over  it  often  not  exceeding  2  feet.  To  improve 
it  a  dike  3,200  feet  long  should  be  built  from  the  Kentucky  shore.  It 
will  cost  $76,800. 

Scuffletown,  764  miles  below  Pittsburgh, — ^This  bar  was  improved  in  1832, 
but  the  work  has  nearly  disappeared.  A  dike  on  the  same  side  as  the 
old  dike,  but  differing  somewhat  from  it  in  alignment,  would  probably 
remove  the  cause  of  complaint  at  this  bar.  Its  length  will  be  3,000  feet, 
and  its  approximate  cost  $72,000. 

Caseyvilie,  860  miles  below  Pittsburgh, — This  bar  is  often  the  shoalest 
between  Evansville  and  Cairo.    I  would  recommend  the  construction  oi 
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a  dike  from  the  Keutucky  shore,  having  an  approximate  length  33t> 
feet,  at  an  estimated  cost  of  $84,000.  It  may  be  found  necessary  in  tbe 
future  to  run  out  another  dike  from  Battery  Kock  on  the  Illinois  shore, 
but  it  is  advisable  to  postpone  this  for  the  present. 

Walker^s  Bar^  S70  miles  below  Pittsburgh, — ^This  bar  was  atone  time  the 
shoalest  below  Evansville,  but  the  scraping  done  some  years  ago  by  the 
Octavia  helped  it  greatly.  It  is  desirable,  however,  that  this  bad  cross- 
ing should  be  permanently  improved.  This  can  be  done  by  building  a 
dike  from  the  Illinois  shpre  4,000  feet  long,  at  an  estimated  cost  of 
$96,000. 

To  provide  for  office  expenses,  the  cost  of  engineering,  inspection,  &c, 
the  sum  of  $25,000  will  be  needed. 

Summing  up  the  above,  we  have  the  following 
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ESTIMATE. 

Davis  Island  Dam $200,  OOt 

Snaeging l&,i^ 

Dredging 16, 500 

Removing  rocks : 5, 000 

Dams  and  dikes : 

Merrimau 22, 000 

Brown^s  Island 24,(M)t 

The  Twins 20,000 

The  Brothers 15.  (WO 

Sand  Creek 18,000 

Twelve  Pole 33,000 

Medoc 30,000 

Gunpowder 37, 500 

Flint  Island 84.000 

Oil  Creek 72,000 

Puppy  Creek 76,800 

Scutfletown 72.000 

Caseyville :    t^,000 

Walker's  Bar 96,  OOt 

Office  expenses,  engineering,  inspection,  &c 25, 000 

Total 955,  eOO 

I  would  recommend  that  no  special  allotment  be  made  for  the  Davis 
Island  Dam,  but  that  the  title  of  the  appropriation  be  "for  the  improve- 
ment of  the  Ohio  River,  including  the  Davis  Island  Dain.^  The  object 
of  such  a  wording  is  to  authorize  the  Chief  of  Engineers  to  make  such 
an  allotment  as  will  enable  the  engineer  in  charge  to  take  advantage  of 
all  favorable  opportunities,  and  to  prosecute  the  work  with  energy  and 
economy.  All  parties  concerned  in  navigating  the  Ohio  are  agreeil  that 
inasmuch  a«  the  work  has  been  begun  it  should  be  carried  on  with  th« 
utmost  energy. 

Money  statement, 

Julyl,  1^79,  amount  available j|3:59, 109  .50 

Amount  appropriated  i-y  act  approved  June  14,  18^0 250,000  00 

$589, 109  50 

July  1,  1H80,  amount  expended  during  fiscal  year 2^54, 479  98 

July  1,  I'^O,  outstanding  liabilities 3,  G48  78 

2:^,  128  76 

July  1,  1880,  amount  available 3^)0, 9'H^  74 

Amount  that  can  be  profitably  expended  in  fiscal  year  ending  June  30,  1882     95r>,  8(H>  •* 
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THE  LA  MULATlfeRE  DAM  ON  THE   SA6nE  AT  LYONS. 

DESCRIPTION  OF  THE  NEW  SYSTEM  OF  WICKETS  ADOPTED  FOR  THIS 

DAM. 

By  A.  Pasquean,  Engineer  des  Fonts  ei  ChausBies. 

PREFACE. 

Lyons,  1879. 

The  movable  dam  which  we  are  now  building  at  La  Mulafiere,  near 
Lyons,  is  situated  directly  at  the  junction  of  this  river  with  the  Rhone.  It 
bad  to  satisfy  certain  special  and  difticult(*)  conditions  which  led  to  the 
successive  rejection  of  all  the  systems  thus  far  tried  or  proposed.  After 
five  years  of  research  we  have  succeeded  in  devising  a  new  type  of 
movable  dam  which  seems  to  answer  all  the  requirements  of  the  situa- 
tion, and  which  could  be  advantageously  employed  for  all  dams  of  high 
lift  which  require  wide  passes  unobstructed  by  piers. 

By  a  decision  of  March  31,  1879,  the  Minister  of  Public  Works  defi- 
nitely approved  of  our  system  for  the  dam  at  La  Mulati^re,  speaking  of 
it  in  very  flattering  term8(^).  We  here  beg  leave  to  tender  him  our 
hearty  thanks. 

In  order  to  be  able  to  reply  at  once  to  the  questions  which  have  been 
addressed  to  us  on  the  subject  of  this  dam,  we  have  summed  up  in  this 
description  the  principal  innovations  which  characterize  our  system, 
and  the  advantages  which  result  therefrom. 

description  of  the  new  system  of  WICKETS  APPROVED  FOR  THE 

DAM  AT  LA  MULATlfcRE. 

DEFECTS  OF  FORMER  SYSTEMS. 

In  existing  dams  with  movable  wickets,  the  latter  are  lowered  by 
means  of  a  tripping-bar  which  slides  on  rollers  fastened  to  the  floor,  and 
is  moved  by  complicated  machinery  placed  in  the  abutments  of  the 
dam,  and  in  piers  built  in  luid-river  to  receive  it. 

When  this  machinery  is  set  in  motion,  the  projections  on  the  trip- 
ping-bar successively  force  the  iJrops  into  the  runways  of  their  corres- 
ponding hurters,  and  the  wickets  fall  roughly  on  the  floor. 

This  anangement  presents  serious  objections. 

The  width  of  a  single  pass  is  limited,  at  most,  to  from  130  to  IGO  feet, 
by  the  necessity  of  securing  suflficient  travel  for  the  lugs  on  the  trip- 
pling  bar,  (^)and  suitable  mobility  for  the  apparatus  requireil  for  throw- 
ing down.  To  obtain  this  width  it  even  becomes  necessary  to  let  down 
the  wickets  in  groops  of  two  or  three  towards  the  last,  and  to  use  two 
tripping-bars,  of  from  65  to  80  feet  each,  acting  in  opposite  directions  on 
each  one  of  the  two  halves  of  the  same  pass.  Hence  the  impossibility 
of  using  this  system  on  passes  exceeding  IGO  feet,  without  dividing  them 

(»)  See  Xot«  1.  (-)  See  note  12.  (»)  See  noto  2. 

NOTK. — It  should  h«  distinctly  unclerstood  that  the  system  of  movable  dam  ])ropo8ed 
by  us  for  the  amelioration  of  the  navigation  of  the  Rhone  has  no  connection  with 
that  which  is  the  subject  of  the  ])reseut  ]iam]dilet. 

The  Myst<'m  whicli  we  jiropohe  for  the  Hlioue  has  been  deduced  from  tlie  lii«»li-bridj;e 
system  of  Tavernier,  wliich  leaves  tlie  sill  entirely  free  for  the  pa*»snj;e  of  gravel,  and 
which  on  this  account  is  particularly  suitable  lor  tbe  iuii)rovenient  of  this  river. 

With  this  in  view  we  nuide  a  stuily  of  two  modifications.  The  lir«t  was  the  subject 
of  an  article  under  date  of  May  l.'>,  li^77.  The  second,  which  is  nunc  practical,  is  ile- 
scribed  in  our  general  study  of  the  improvement  of  the  Rhone,  of  which  the  litho- 
graph was  dated  August  15,  1*^78. 


scribed  order^  and  it  a  wicket  reruses  to  tall,  all  the  rest  ot  tlie  dam  iniisi 
remain  up.  If  the  dam  in  i)artly  caught  by  the  ice,  it  is  impossible  t 
lower  the  portion  that  is  free,  and  thus  reduce  the  fall  so  as  to  be  abl 
to  disengage  the  rest. 

The  tripping-bar  is  a  frail  and  delicate  member^  which  complicates  th 
dam  with  a  great  number  of  adjustments  which  are  hard  to  make  am 
hard  to  keep  in  order.  If  a  stone  gets  between  one  of  the  lugs  and  th 
hurter,  if  a  cap  of  ice  forms  on  a  wicket,  we  are  forced  to  break  the  trip 
ping-bar,  and  to  give  up  opening  the  dam  by  this  methods 

All  the  parts  are  placed  under  water,  or  in  wells  incouveuient  of  u 
cess.    Repairs  and  inspection  by  divers  are  difficult  and  dangerous. " 


DOUBLE   STEPPED   OR    INDENTED  HURTER. 


We  have  overcome  these  disadvantages  by  the  following  improve 
ment:  The  tripping-bar  and  its  accessories  have  been  entirely  sa| 
pressed.  The  hurter,  in  front  of  the  ordinary  step,  which  we  will  ca 
the  resting  step  fcran  (Parret)  has  a  second  step  whose  vertical  face  fom] 
a  very  sharp  angle  with  the  axis  of  the  runway. 

This  second  step,  we  have  named  the  sliding  step  fcran  de  depart)^  an 
we  call  the  whole  hurter  thus  modified  a  doublestepped  hurter  (Gil 
siere  <Jt  devx  crans,) 

The  raising  of  the  wickets  takes  place  as  in  the  ordinary  system.  Th 
operator  pulls  on  the  breech  chain  until  the  prop  falls  upon  the  restin 
step.  He  is  notified  of  this  fact  by  the  noise  of  the  prop  falling  uj>o 
the  hurter,  or  by  the  arrival  at  the  windlass  of  a  link  marked  for  thi 
purpose.  It  then  only  remains  for  him  to  slack  off  the  chain  by  mean 
of  the  brake  in  order  to  set  up  the  wicket  and  close  the  correspoudin 
part  of  the  pass. 

The  lowering,  on  the  contrary,  is  effected  in  our  systetn  in  a  mannc 
entirely  novel  and  exceedingly  simple. 

To  lower  the  wicket  it  is  only  necessary  to  draw  upon  the  breech  chai 
until  the  wicket  is  swung;  then  continue  the  pull  until  the  prop  fall 
down  its  sliding  step,  and  then  slowly  pay  out  the  chain  by  means  of  th 
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ADVANTAOES  OF    THIS   HUBTER. 

Our  system,  then,  presents  the  following  advantages: 

1.  With  the  trippiug-bar  the  width  of  a  single  pass  is  limited  to  160 
feet.    To  attain  a  greater  width  intermediate  piers  are  necessary. 

With  our  double  stepped  hurter  the  i)a8S  can  have  any  desired  tvidthj 
for,  as  each  wicket  contains  its  own  working  parts,  it  becomes  possible 
to  place  many  hundred  of  them  iu  succession,  one  after  the  other,  with- 
out any  intermediate  pier. 

By  means  of  this  improvement  the  patss  of  the  dam  which  we  are  now 
actually  constructing  on  the  Sadne,  at  La  Mulatiere,  near  Lyons,  will 
have  a  width  of  340  feet,  and,  without  any  intermediate  pier,  it  will  in- 
clude the  entire  free  width  of  river  between  the  lock  and  the  dividing 
dike  of  Ferrache.  This  advantage  is  keenly  appreciated  by  boatmen  on 
account  of  the  exceptional  lengrh  of  the  boats  which  frequent  the  Khone^ 
and  of  the  pronounced  obliquity  of  the  La  Mulatiere  bridge,  a  short 
distance  above  the  dam,  with  the  general  axis  of  the  river. 

This  peculiarity  of  our  system  could  likewise  be  of  great  service  in 
the  dams  now  in  course  of  construction  on  the  rivers  of  North  America, 
which  are  traversed  by  rafts  of  exceptional  width,  and  also  in  the  dams 
which  will  sooner  or  later  bo  built  on  the  gn^at  rivers  of  Europe,  near 
their  mouths,  in  the  portions  which  are  frequented  by  sailing  vessels. 

2.  With  the  tripi)ingbar,  lowering  takes  place  roughly,  and,  near  the 
end  of  the  operation,  by  groups  of  wickets. 

With  the  double  stepped  hurter  it  takes  place  without  any  kind  of 
shock,  and  the  wickets  are  led  hy  hand  quite  down  to  the  blocks  placed 
to  i-eceive  them.  It  then  becomes  i)0ssible,  with  this  method  of  lower- 
ing, to  build  wickets  considerably  higher  than  13  feet,  and  to  use  noth- 
ing but  iron  for  the  panels,  as  w^e  have  done  with  those  of  the  dam  at 
La  Mulatiere. 

3.  With  the  trippiug-bar  the  lowering  tiikes  place  in  a  i)rescribed 
order,  aiul  a  single  obstinate  wicket  may  stop  the  whole  operation.  In 
our  system  the  lowering  can  go  on  in  any  order  whatever.  If  a  dam- 
aged wicket  requires  attention,  if  the  dam  has  been  ])artly  caught  in  the 
ice,  it  is  ]>ossible  with  our  hurter  to  lower  all  the  free  wickets,  and  to 
return  to  the  others  after  having  obliterated  the  fall  by  this  partial 
lowering. 

4.  The  tripi)ing-bar  is  a  frail  and  complicated  member.  The  double- 
stepped  hurter,  on  the  contrary,  is  so  simple  and  nistic  that  any  chance 
of  breaking  oi-  of  injuring  this  part  of  the  mechanism  seems  altogether 
improbable. 

By  thus  suppressing  the  most  delicate  and  the  most  inaccessible  part 
of  the  wicketdam,  repairs  and  examinations  will  be  more  rare  and  less 
expensive. 

5.  With  the  tripping-bar  we  are  compelled  to  build  the  whole  pass 
simultaneously,  in  order  to  lay  and  test  the  tri])pingbars  which  i)ass 
across  its  entire  length.  With  the  double -stepped  hurter  it  becomes 
easy,  by  means  of  intermediate  cotter-dams,  to  divide  into  any  number  of 
parts  the  construction  of  a  pass,  just  a«  we  are  now  doing  with  the  dam 
at  La  Mulatiere.* 

6.  With  the  trippingbar,  and  the  shocks  which  result  from  its  use,  it 
is  impossible,  or,  at  the  verj"  least,  quite  dangerous,  to  lower  wickets  of 
13  feet  under  falls  exceeding  2.J  feet. 

With  the  double-stepped  hurter  the  power  required  to  lower  wickets 

*  See  note  3, 
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of  14J  feet  under  falls  of  5  feet  is  much  less  than  that  which  the  wind- 
lass must  be  able  to  exert  for  raising.  It  then  seems  possible  with  thij 
system  to  lower  without  danger  wickets  of  large  dimensions  under  very 
heavy  falls.* 

Besides,  with  our  system  it  is  possible  to  calculate  exa<5tly  the  power 
required  for  lowering,  and  the  dimensions  of  the  parts  necessary  to  give 
such  power;  while  with  the  tripping-bar  it  is  impossible  to  foresee  the 
strains  to  which  it  will  be  subjected,  and  which  so  often  produiie  th« 
rupture  of  this  piece,  in  spite  of  the  excessive  weight  which  experience 
has  gradually  been  compelled  to  give  it. 

7.  With  the  tripping-bar  the  crest  of  the  dam  cannot  be  lowered  ex- 
cept by  inadmissible  complications. 

With  our  system  of  lowering  it  is  very  easy  to  add,  l>elow  the  resting 
step,  a  third  step,  by  which  we  can  give  to  the  wicket  at  will  a  mach 
greater  inclination  to  the  vertical,  and  can  fix  the  crest  of  the  dam  at, 
say,  1^  feet  below  the  normal  level  of  the  pool.  To  lower  the  dam  if ^ 
held  at  the  third  step^  we  have  only  to  pull  the  wicket«  up  to  the  sliding 
step,  without  stopping  on  the  first  resting  step,  and  then  to  pay  out  the 
chain  as  in  the  first  case. 

We  call  this  second  resting  step  the  reducing  step  {Cran  de  rSdu4*iion), 
and  the  hurter  with  three  or  more  steps  indented  hurter  (glismkre  h 
cr^naillere). 

As  a  matter  of  experiment,  we  propose  to  apply  the  reducing  step 
to  some  of  the  La  Mulati^re  wickets. 

8.  In  the  preliminary  project  which  we  drew  up  for  La  Mulati^re  ac- 
cording to  the  old  system,  the  tripjung-bars  with  intermediate  pier  were 
estimated  to  cost  $11,000.  In  our  project  as  finally  approved  with 
double-stepped  hurter,  this  expense  is  entirely  saved. 

Our  system  then  effects  a  marked  economy ^  aside  from  the  other  advan- 
tages which  it  presents.! 

VARIOUS  IMPROVEMENTS. 

The  wickets  which  we  are  building  for  La  Mulati^re  have  also  the  fol- 
lowing improvements : 

A.  Experience  with  the  Ile-Barbe  dam  shows  that  wooden  wicketa 
hardly  last  ten  years,  while  the  iron  lock-gates  at  the  same  dam  are  yet 
entirely  sound.  We  have  therefore  wholly  excluded  wood  from  oar 
dam. 

The  i)anels  of  the  wickets  are  14.3  by  4.6  feet.  They  are  formed  of 
two  bars  of  U  iron  H  by  g  inches,  brought  within  2.95  feet  of  each  other 
in  order  to  reduce  the  length  of  the  head  of  the  horse.  They  are  covered 
by  f\j-i"^l*  plate-iron  projecting  10  inches  beyond  the  uprights,  sup- 
ported by  brackets  and  stitlened  at  the  edge  by  a  2g-inch  angle  iron. 
A  casting  forming  a  i)art  of  the  counterweight  answers  for  the  fastening 
of  the  handle  of  the  breech. 

B.  A  fiutter  valve,  5  feet  by  3,  is  placed  in  the  chase  to  form  a  partial 
outlet,  and  to  facilitate  the  regulation  of  the  pool.  It  is  held  in  place 
by  a  bell  crank  which  has  the  necessary  property  of  keepin«:  it  shut 
more  and  more  firmly  under  increasing  water  pressure  when  the  wicket 
is  up,  and  also  under  the  action  of  boats,  or  of  the  current  when  it  is 
down.  It  is  easily  worked  from  the  foot-bridge  by  means  of  a  pole  with 
a  head  like  that  of  a  cane,  which  is  supported  by  a  light  derrick. 

C  The  old-style  journal  boxes  of  the  horse  with  their  wiK)den  wetlge^ 
are  unsuitable  for  large-sized  wickets.     The  journal  boxes  with  screws 


*  See  note  4. 
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or  keys,  since  tried  or  proposed,  cannot  be  dismounted  after  a  few 
months'  immersion.  We  have  got  rid  of  these  troubles  by  suppressing^ 
the  lower  axle  of  the  horse.  A  Bessemer  steel  journal  box  with  three 
checks  receives  the  two  lower  eyes  of  the  uprights  ot  the  horses  of  twa 
adjacent  wickets,  and  holds  them  by  a  steel  bolt  2J  inches  in  diainet-er, 
with  washer  and  i)in  at  each  end.  Even  should  there  be  a  thick  coat- 
ing of  rust  and  scale,  it  will  always  be  easy  to  cut  one  of  these  pins 
with  a  chisel,  and  to  dismount  a  wicket  by  driving  out  the  bolt. 

D.  We  have  wholly  discarded  the  old  wooden  sill,  whose  renewal  was 
accompanied  by  serious  difficulties.  In  place  of  it  we  use  a  cast-iron 
sill  from  IJ  to  2^  inches  thick,  w^hich  will  last  as  long  as  the  floor  itself. 

E.  At  La  Mulati^re  the  wickets  will  be  worked  both  in  raising  and 
lowering  by  a  very  small  steam- windlass  traveling  on  a  service  bridge. 
The  same  windlass  will  perform  the  four  operations  of  lowering  and 
raising  the  wickets  and  the  trestles  with  attached  flooring.  By  this 
means  we  can  raise  the  dam  in  eight  hours  and  lower  it  in  four  and 
one-half  hours ;  that  is,  work  the  entire  pass  of  340  feet  which  we  are 
building  at  La  Mulati^re.* 

WIDE-SPAN   TRESTLES. 

The  service  bridge  designed  to  carry  the  windlass  presents  the  follow- 
ing innovations: 

1.  Up  to  the  present  time  the  trestles  have  been  made  to  equal  the 
wickets  in  number,  and  the  depth  of  the  trench  necessary  to  shelter  them 
when  down  has  rapidly  increased  with  the  height  of  the  bridge.  At  La 
Molati^re  for  a  bridge  raised  20  feet  above  the  sill  this  aiTangement 
would  require  trestles  23J  feet  high,  lying  six  ranks  deep,  and  necessi- 
tating a  trench  4  feet  in  depth,  which  would  have  increased  to  intoler- 
able proportions  the  danger  of  silting  up  and  the  difficulties  of  working. 

To  avoid  these  inconveniences  we  have  provided  a  wide-span  service 
bridge,  placing  the  trestles  9.8  feet  apart,  and  opposite  the  even-num- 
bered wickets.  These  trestles,  when  down,  superpose  in  only  three 
ranks,  and  thereby  we  have  been  enabled  to  reduce  the  depth  of  the 
trench  to  28  inches,  to  diminish  the  chance  of  silting  up,  to  increase  the 
rigidity  of  the  trestle  while  at  the  same  time  diminishing  the  total 
weight  of  bridge,  and  to  reduce  to  22.3  feet  the  total  height  necessary  iit 
order  to  have  the  flooring  19.7  feet  above  the  sill. 

2.  The  removal  of  the  bridge-planks  by  hand  and  their  transportation 
to  a  storehouse  at  every  flood  becomes  impracticable  with  the  weight 
they  must  have  for  dams  of  high  lift«.  We  have  therefore  hinged  each 
section  of  the  flooring  to  the  corresponding  trestle,  and  each  trestle  car- 
rier down  with  it  the  part  of  the  flooring  which  is  fastened  to  it,  an 
arrangement  similar  to  tliat  formerly  tried  on  the  Cher. 

3.  In  the  dams  of  the  Cher  each  section  of  the  flooring  hooks  on  to 
the  axle  of  the  section  that  preceded  it.  The  sections  are  longer  than 
the  intervals  between  the  trestles,  and  each  section  finds  itself  caught 
under  the  succeeding  trestle  when  the  whole  are  letdown  on  the  bottom. 

The  superposition  of  the  sections  of  tlie  flooring  therefore  immoderately 
increases  the  depth  of  the  trench,  and  causes  the  loss  of  what  was  here 
gained  by  the  omission  of  the  odd-numbered  trestles. 

In  our  system,  at  the  top  of  each  trestle  are  two  distinct  axles,  spaced 
13  inches  apart,  and  serving,  the  one  for  the  hinging  of  its  section  of 
flooring,  and  the  other  for  hooking  on  the  next  section.  The  total  length 
of  section  is  reduced  to  9.3  feet  for  trestles  spaced  9.8  feet,  and  all  the 

*  See  Note  5. 


{ 


1758  REPORT  OF  THE  CHIEF  OF  ENGINEERS,  U.  S.  ARMY. 

sections  lie  end  to  end  when  down,  with  a  clearance  of  6  inches  between 
them  without  being  lapped  by  the  adjacent  trestles. 

4.  A  guiding  bar  fastened  to  the  windlass  during  the  operation  of 
raising  receives  the  flooring  just  as  it  is  about  to  strike  tbe  preceding 
trestle,  and  guides  it,  as  if  by  hand,  into  the  journal  boxes  arranged  on 
this  trestle  to  receive  it.  This  same  guiding  bar  prevents  the  end  of 
flooring  next  the  windlass  from  falling  down  as  soon  as  the  process  of 
lowering  is  begun,  and  lets  it  down  tcithoui  shocks  until,  by  its  own 
weight,  it  naturally  assumes  a  suitable  direction  for  falling  ou  the  floor. 

5.  The  upstream  beam  of  each  section  of  the  flooring,  being  the  one 
on  which  the  holding-down  hooks  of  the  windlass  pull  daring  the 
maneuver,  cannot,  like  the  lower  one,  be  simply  hooked  on  to  the  bolt 
of  the  preceding  trestle.  In  our  plan  a  T-shaped  end  insures  the  rapid 
coincidence  of  the  eyes,  and  a  key  enables  us  at  once  and  without  M 
to  firmly  fasten  the  upstream  beam  in  the  journal  box  of  the  preceding 
trestle. 

6.  The  bottom  axle  of  the  ordinary  trestle  assembles  badly  wiUi  Uie 
channel  iron  upright.  The  cost  of  the  dam  is  unnecessarily  increased, 
and  numerous  attempts  have  been  made  at  different  times  to  lessen 
these  diflficulties.  We  have  completely  overcome  them  all  by  suppressing 
this  axle.  The  trestles  are  finished  at  their  lower  ends  by  angle  blocks, 
which  are  provided  with  eves,  and  they  are  fastened  by  two  independeut 
bolts  to  double-cheeked  pillow  blocks  embedded  in  the  floor.  These 
cast  steel  bolts,  2i{  inches  in  diameter,  have  washers  and  pins,  and  it 
merely  requires  the  cutting  of  the  pins  to  dismount  tbe  trestle  even 
after  it  has  been  a  long  time  under  water. 

7.  The  trestles  are  built  of  5  j  inch  channel  iron,  and  are  shaped  hke 
a  double  St.  Andrew's  cross,  which  gives  them  great  rigidity  in  both 
directions.    They  are  symmetrical. 

8.  The  last  bay  of  the  8er\ice  bridge  is  spanned  by  a  rolling  bridge, 
which  is  run  back  into  the  abutment  with  the  greatest  facility  when  the 
lock-keeper  begins  at  the  last  trestle  to  lower  the  service  bridge. 

9.  In  the  ordinary  trestle  the  upstream  upright  is  vertical,  and  it  is 
laid  down  lengthwise  of  a  vertical  chamber  from  20  to  30  inches  deep. 
When  the  dam  is  up  gravel  collects  in  this  chamber,  and  it  is  necessary, 
as  at  lleBarbe,  for  example,  to  remove  the  deposit  by  a  diver  every  time 
the  trestles  have  to  be  lowered.  In  our  plan,  the  trestles  are  symmetri- 
cal, their  journal  boxes  are  entirely  in  projection  on  tbe  floor,  and  the 
latter  is  connected  with  the  sill  hj^^  a  slope  of  1  on  2,  which  is  less  steep 
than  the  natural  slope  of  sand  deposits. 

With  this  arrangement  there  is  every  reason  to  hope  that  the  trestle 
chamber  will  not  silt  up. 

SUMMARY. 

To  sum  up,  our  system  of  dam  allows  us — 

1.  To  close  passes  of  indefinite  width  by  means  of  wickets,  and  with- 
out the  use  of  an  intermediate  pier ; 

2.  To  put  an  end  to  all  shock  in  lowering; 
And,  consequently, 

3.  To  make  wickets  entirely  of  metal ; 

4.  To  provide  in  a  practical  manner  for  falls  of  from  12  to  20  feet,  and 
even  more,  measured  from  the  metallic  sill  of  the  floor. 

It  also  jicrmits  us — 

5.  To  work  dams  of  large  dimensions  rapidly ; 

6.  To  avoid  all  transportation  to  storehouses ; 

7.  To  get  rid  of  the  principal  causes  of  injury  and  of  interference  by 
sand  and  gravel. 
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NOTES. 

Kote  1. — Special  difficulties  at  the  La  Mulati^e  Dam. — In  an  ordinary  dam  the  rise 
comes  from  above.  The  dam  can  and  shonid  be  opened  gradually  as  the  discharge 
increases.  It  will  thus  be  almost  entirely  down  when  the  natural  level  of  the  rise 
reaches  that  of  the  pool,  or  even  a  height  somewhat  lower,  if  the  first  obstructioa  to 
be  covered  is  so  far  up  stream  as  to  permit  the  wat^r  surface  at  the  dam  to  be  lowered 
at  moderate  stages.  In  such  a  case  it  is  possible  to  place  the  service  bridge  at  only  20 
inches  above  the  level  of  the  pool  and  to  maneuver  the  dam  slowly,  since  we  have  at 
onr  disposal  for  that  purpose  all  the  time  that  the  water  level  below  the  dam  takes  to 
pass  from  low- water  to  the  level  of  the  upper  pool,  or  to  its  reduced  level.  The  same 
thing  holds  for  closing  the  dam  when  the  water  is  falling. 

At  La  Mulatifere,  on  the  contrary,  the  Rhone  will  almost  always  take  the  dam  in  re- 
verse. The  pass  must  remain  entirely  closed  until  the  main  river  rises  from  the  low- 
water  stage  to  the  level  of  the  pool,  and  it  will  then  be  necessary  to  open  the  dam 
very  rapidly  under  penalty  of  having  the  service  bridge  submerged.  So  also  it  must 
often  be  closed  in  a  few  hours  before  the  main  river  drops  below  the  level  of  the  dam, 
in  order  to  prevent  the  pool  from  being  suddenly  emptied  by  a  rapid  decline  of  the 
Rhone. 

Moreover,  the  obstructions  to  be  flooded  are  so  near  the  dam  that  it  is  necessary  to 
keep  the  pool  couHtantly  at  its  normal  level  without  reduction,  in  order  to  insuro  at 
all  times  the  required  depth  of  8  feet. 

Hence  the  necessity  of  placing  the  service  bridge  at  6.6  feet  above  the  pool  and  of  ex- 
cluding all  systems  of  dam  for  which  eight  or  ten  hours  would  not  suffice  to  maneuver 
the  whole  of  a  pass  340  feet  long  and  13  feet  above  the  sill. 

Again,  the  La  Mulati^re  dam  is  situated  only  1,500  feet  below  the  Saint  Etienne 
Railroad  Bridge,  whose  piers  make  the  marked  angle  of  50  degrees  with  the  general 
axis  of  the  river.  The  river  will  be  chiefly  navicated  by  the  immense  freight  boat«  of 
the  Compagnie  G6nerale,  which  are  as  much  as  492  feet  long,  and  which  must  make  a 
sharp  turn  after  passing  the  bridge  to  get  out  into  the  Rhone  by  way  of  the  dam. 

To  insure  safe  navigation,  therefore,  it  is  indispensable  to  reject  all  systems  requir- 
ing piers  in  the  river,  and  to  leave  the  Sa6ne  entirely  free  over  the  :340  feet  included 
between  the  lock  and  the  dike  which  separates  it  from  the  Rhone. 

Lastly,  it  is  necessary  to  give  passage  to  a  considerable  discharge  (which  amounts 
to  29,065  cubic  feet  at  8.2  feet  above  low-water),  to  resist  a  current  which  sometimes 
reaches  7.7  feet  per  second,  and  to  support  a  pool  raised  13.1  feet  vertically  above  the 
sill  of  the  pass,  and  which  will  have  a  lift  of  ll|  feet  when  the  dikes  of  the  Rhone 
shall  have  reduced  the  minimum  draught  of  water  on  the  sill  of  the  lock  to  6^  feet. 

For  the  floods  of  the  Sa6ne,  therefore,  the  La  Mulati^re  dam  must  answer  all  the 
i^emands  of  an  ordinary  dam  built  in  a  very  rapid  river,  and  it  must  also  satisfy  pecu- 
liar and  altogether  novel  conditions  in  fulhlliug  the  special  requirements  arising  from 
floods  in  the  Rhone,  which,  in  a  few  hours,  may  take  the  dam  in  reverse,  without 
allowing  any  opportunity  to  commence  working  it  until  the  rise  from  below  reaches 
the  level  of  the  pool. 

Note  2. — Limiting  width  of  former  passes. — The  tripping  bar  must  travel  about  6  inches 
to  trip  a  wicket  4  feet  11  inches  wide,  including  clearance.  It  follows,  therefore,  that 
the  projections  shonid  be  spaced  4  feet  11  inches  minus  6  inches,  that  is,  about  53 
inches  apart,  so  as  to  lower  tbe  wickets  in  succession,  and  that  with  a  single  tripping 
bar  it  is  impossible  to  lower  more  than  nine  wickets  in  succession,  since  the  eleventh 
projection  strikes  the  toiith  wicket  at  the  same  time  that  the  first  projection  reaches  the 
nrst  wicket.  It  is  true  that  sixteen  wickets  can  be  lowered  with  one  bar  by  separating 
the  projections  into  nine  groups,  so  as  to  lower  the  first  four  wickets  in  succession,  the 
next«ix  in  groups  of  two,  and  the  last  six  in  groups  of  three;  but  this  extreme  limit 
has  not  been  exceeded,  and  it  even  seems  that  it  cannot  be  reached  at  all  without 
danger,  in  case  the  wickets  are  very  high.  As  sixteen  wickets  of  4  feet  11  inches 
make  78  feet  9  inches  linear,  two  tripping  rods  working  in  opposite  directions  must 
necessarily  be  used  to  close  a  pass  157|  feet  wide,  and  it  is  not  possible,  with  the  sys- 
tem of  lowering  by  tripping  bars,  to  make  passes  exceeding  160  feet  without  dividing 
them  np  by  means  of  intermediate  piers. 

Note  3. — The  oonstrueHan  of  a  pass  by  sections. — To  build  the  La  Mulati^re  pass  in 
two  sections,  and  always  leave  half  the  river  open,  we  work  in  the  following  manner: 

The  half  of  the  floor  in  actual  process  of  construction  is  closed  at  its  end  by  the 
concrete  bulkhead  B.  In  this  enclosure  we  expect  to  put  in  position  the  first  half  of 
the  mechanism.  We  will  then  remove  the  wickets  and  the  trestles  for  the  last  20  feet, 
and  build  in  their  place,  inside  of  bulkhead  B,  a  clay  bulkhead  A,  covering  up  the 
Journal  boxes  and  the  burters  of  the  parts  removed. 

Next  year  we  will  complete  the  second  section  of  the  cofier-dam,  connecting  it  with 
bulkhead  A ;  we  will  then  tear  away  bulkhead  B  in  the  dry,  and  beyond  it  we  will 
find  the  last  journal  boxes  which  will  permit  us  to^go  on  with  the  coi^traotion  in  con- 
tinuity with  the  part  already  laid. 
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After  removing  Imlkhead  A  it  will  be  easy,  by  means  of  a  diver,  to  pnt  luwk 
their  places  the  wickets  and  the  tn'stles  whose  journal  boxes  were  covered  in  an 
the  bulkhead  during  the  construction  of  the  second  section  of  the  pass,  and  thu 
establish  the  continuity  of  the  dam. 

This  njetho<l  of  construction  was  tirsr  suggested  to  us  by  couductor  Givoiset,  i 
superintends  the  work  with  equal  iutelligenci^  and  devotion. 

Note  4. — Power  required  to  throw  down  the  dam. — In  our  system  the  maximum  |k>^ 
required  to  lower  a  wicket  is  that  recpiired  to  put  it  on  the  swing.  It  is  easy  to  * 
culate  this  jmwer  exactly  in  all  pojiwibh?  cases,  and  to  ascertain  that  it  doe^u<»texc 
the  figures  of  the  following  table  for  the  La  Mulati^re  wickets,  which  are  14.:i  by 
feet. 

To  these  figures  must  be  added  the  weight  of  the  chain,  which  is  111  pounds,  ai 
tension  of  about  13*2  pounds,  which  is  required  to  put  the  wicket  on  the  swing  ys 
it  is  immersed  in  still  water. 

The  maneuvering  windlass  required  for  the  usual  method  of  raising  should  ea 
develop  a  traction  of  11,000  pounds. 

It  is  therefore  evident  that,  in  our  system,  the  power  required  for  lowering  is  i 
tively  very  small,  and  that  with  this  system  it  is  possible  to  lower  wickets  of  g 
dimensions  under  falls  which  would  prohibit  the  lowering  of  the  wickets  by  the 
of  the  tripping  bar. 

Table. 


Fall. 


0.33  feet 
0.66  feet 
0.98  feet 
1.31  feet 
1.64  feet 
1.97  feet 
2.30  feet 
2.63  feet 
2. 95  feet 
8.28  feet 
8.61  feet 
8.94  feet 
4.27  feet 
4.59  feet 
4.92  feet 


=1 


1 


Remio-km. 


Pounds. 

Pounds. 

170 

205 

359 

386 

399 

538 

6538 

677 

906 

833 

el.  096 

1,005 

1,292 

1.166 

1.492 

1.349 

1,686 

1.534 

1,894 

1,724 

2.094 

1,920 

2,297 

2,121 

2,495 

2,315 

2.690 

2,522 

2,884 

a  170  i>oun<i8  for  0.92  fee 

b  538  pound  A  for  1.31  fee 

e  1.001  poands  for  1.80  f< 

Which  are  the  actual  d 

encea  of  level  that  wi 

cur  at  La  Mulati^re  ii 

extreme  caaes  of  ordi 

maneu  verin^. 


Note  5. —  Working  time. — From  experiments  made  with  the  La  Mulati^re  wicl 
the  time  for  handling  the  wickets,  apparently,  should  not  exceed — 

For  one  wicket 3  minu 

For  one  trestle 2  mino 

For  one  wicket 5  minn 

For  one  trestle 4  mino 


In  lowering 
In  raising  . . 


That  is,  for  a  pass  of  340  feet,  containing  69  wickets  and  34  treaties,  worked  by 
same  windlass — 

For  lowering 4  honrs  35  minu 

For  raising 8  hours  1  minut 

-^ote  6. — CaUiulation  of  stress. — According  to  the  detailed  calculations  in  the  ap] 
dix  of  our  report  of  December  21,  1878,  the  maximum  stress  per  square  inch  in 
different  parts  does  not  exceed  the  following  amounts : 

Pott 

Prop 1, 

Upright  of  horse 3, 

HejMi  of  horse 8, 

Bottom  axles  of  horse 2,. 

Upright  of  wickets 8, 

Upright  of  trestles 5, 

Axles  of  trestles^ 3,! 

Foot-bridge 8,{ 
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Note  7. — Cost. — All  the  metal  work  of  the  La  Mulatiero  dam  was  contracted  ibr 
May  2,  1879,  at  the  following  prices  per  pound,  net: 

Cents. 

Wrought  iron 4J 

Cast  iron 2j 

Bessemer  steel 10 

Chains 6} 

The  machinery  is  almost  entirely  finished,  and  weighs  as  follows: 

Pounds. 

Wicket,  with  chain,  bottom  casting,  and  counterweight 4, 846 

Trestle,  with  floor,  &c 3,933 

Cast-iron  sill,  per  wicket 1, 267 

Hurter 2,304 

Journal-box  for  wickets Ii53 

Journal-box  for  trestles 309 

The  total  cost,  including  putting  in  place  and  painting  with  coal  tar,  will  amount, 
for  340  feet,  to  $2H,5r)2.57;  that  is,  per  linear  foot,  ^3.9?^,  or,  per  square  foot  of  dis- 
charge area,  $6.40. 

Note  8. — Dam  with  traveling  crane. — We  had  at  first  designed  to  work  the  wicketa  by 
means  of  a  traveling  crane,  39^  feet  between  supports,  similar  to  those  everywhere 
seen  about  railroa<l  stations.  The  crane  was  to  travel  on  two  rails  projecting  above 
the  floor,  the  one  above  and  the  other  below  the  line  of  the  wickets.  The  workmen, 
stationed  on  the  crane,  would  propel  it  along  with  them  by  applying  power  to  the 
driving  wheels,  and  they  would  seize  hold  of  the  wickets  by  means  of  a  boat-hook 
secured  by  a  chain  to  a  movable  windlass  on  the  traveler.  The  double-stepped 
hnrter  would  be  e(jually  adapted  to  the  raising  or  lowering  of  a  wicket.  By  omitting 
the  trestles,  the  dam  would  be  much  more  simple  and  less  expensive.  A  suspension 
bridge,  or  a  trail  ferry,  could  be  substituted  for  the  traveling  crane. 

We  finally  gave  up  the  idea  of  proposing  this  arrangement  for  La  Mulati^re,  as  it 
would  perhaps  have  seemed  too  venturesome  for  the  first  trial  of  our  system. 

Not^  II. — Patents. — ^The  double-stripped  hurter  and  the  other  novelties  described 
above  have  been  patented  in  France  and  abroad.  The  i>atent  taken  our,  in  France, 
at  our  own  trouble  and  expense,  is  only  designed  to  secure  to  the  trench  state  the 
free  and  gratuitous  use  of  our  system  wherever  it  may  think  it  advantageous  to  em- 
ploy it. 

Note  10. — Maximum  and  minimum  discharge  of  the  Saone  at  its  mouth. — The  discharge 
of  the  Sa6ne  at  its  month  for  any  one  height  of  water  varies  within  wide  limits,  ac- 
cording as  the  Rhone  is  falling  or  rising. 

To  determine  the  minimum  and  maxnuum  discharge  of  the  Sa6ne  at  the  height  of 
the  pool  (52S.19),  we  examined  the  reconls  of  the  past  ten  years,  and  noted  the  gauge 
readings  at  La  Feuill^e,  which  is  2^  miles  above  La  Mnlati^re,  each  time  that  the 
wat«r  surface  reached  the  height  of  528.19  on  the  gauge  at  the  latter  point.  We  thus 
found  that  the  highest  corresponding  gauge  reading  at  La  Feuill<Se  occurred  January 
24,  1873,  and  that  the  gauge  at  Neuville,  16  miles  above,  and  beyond  the  effects  of 
backwater  from  the  Rhone,  read  that  day  9.32,  which  corresponds  to  a  discharge  of 
29,065  cubic  feet. 

As  the  greatest  discharge  of  the  S6ane  at  its  mouth  takes  place  when  the  river 
surface  presents  the  greatest  slope  above  this  point,  we  concluded,  from  what  pre- 
cedes, that  the  maximum  discharge  of  the  Sadue  at  the  height  of  528.19  is  29,065  cubic 
feet. 

Xote  11. — Diagram  of  the  differences  of  level  during  maneuvers. — After  having  detor- 
mined,  by  the  above-mentioned  method,  the  maximum  and  minimum  discharges  for 
a  series  of  stages  from  low-water  up  to  the  highest  navigable  stage,  we  constructed 
the  curves  of  maximum  and  minimum  discharge  of  the  Sa6ne  at  its  month,  marking 
the  heights  of  the  water  on  the  axis  of  ordinates.     [See  plate  3.] 

We  then  calculated  and  plotted  on  the  same  sheet  the  curves  of  discharge  through 
the  dam — 

1.  When  all  the  movable  parts  are  up. 

2.  When  the  flutter  valves  of  the  wickets  are  entirely  open. 

3.  When  the  upper  gates  of  the  weir  are  removed.*  . 

4.  When  the  lower  gates  of  the  weir  are  removed. 

5.  When  the  pass  itself  is  completely  open. 

•    These  calculations  were  made  by  varying  the  formulas  according  to  the  conditions 

*  The  dam  consists  of  a  navigable  pass  of  340  by  13  feet  high,  closed  by  wickets 
-with  flutter  valves  according  to  our  systfCm,  and  a  weir  260  by  8  feet,  closed  by  two 
tiers  of  Boul^  gates.  The  latter  is  almost  at  right  angles  to  the  pass,  and  discharges 
its  waters  into  the  Rhone. 
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consequeutly  possible  to  regulate  the  pool : 

Cnbi 

With  the  joint  covers  to  the  amount  of 

With  the  flutter  valves  to  the  amount  of 1 

With  the  upper  gates  to  tlie  amount  of S 

Witii  the  lower  gates  to  the  amount  of 2 

With  the  wickets  to  the  amount  of '/ 

It  shows  besides  that  the  fall  of  \\\  feet  is  reduce<l  by  opening — 

The  flutter  valves  to 

The  upper  gates  to 

The  lower  gates  to 

The  wickets  to 

It  is  also  found  by  reading  the  intersections  of  the  horizontal  524.91  with  the  ca 
that  it  is  possible  to  hold  the  pool  at  3.2-'!<  feet  below  it«  normal  level  under  tht 
lowing  conditions: 

By  the  flutter  valves  discharge,  3,325  cubic  feet ;  fall, . 

By  the  up])er  gates  discharge,  5,2i^7  cubic  feet ;  fall, . 

By  the  lower  gates  discharge,  11,301  cubic  feet ;  fall,  l.HO. 

By  the  wicketn  discharge,  15,715  cubic  feet;  fall,  0.26. 

This  graphic  method  would  be  more  simple  yet,  if  applied  to  an  ordinary  dam  w, 
lower  pool  always  stands  at  the  same  level  for  a  given  level  of  the  upper  pool. 

Note  12. — Extract  from  the  decision  of  approval y  dated  March  31,  1879. 

Monsieur  Le  PrI^ifet:  I  have  submitted  to  the  examination  of  the  general  counc 
Fonts  et  Chauss^es  the  detailed  plan  of  the  machinery  for  the  pass  and  weir  of  the  i 
able  dam  of  La  Mulati^re,  which  is  to  be  built  at  the  confluence  of  the  Rhone  and 
SaCne. 

This  dam  consists  of .     •     *    • 

The  general  council  of  Fonts  et  Chauss^  were  of  opinion  that  the  designs  of  th< 
tailed  plan  of  machinery  for  the  pass  and  weir  of  the  movable  dam  at  La  Mnlai 
seem  perfectly  to  fultill  the  exceptional  conditions  in  which  this  dam  is  placed. 

Many  of  the  arrangements  are  entirely  novel ;  the>y  are  very  ingenious,  ecjually  ftii 
and  practical,  and  seem  destined  to  introduce,  not  only  in  the  construction,  but 
in  the  working  of  movable  dams,  improvements  of  great  importance. 

The  council,  moreover,  has  called  attention  to  the  great  labor  and  the  remarkable  i 
which  have  cliaracterized  the  study  of  so  difficult  a'questiou  as  tliat  of  the  La  11 
ti^re  dam,  and  it  has  thought  that  the  administration  should  express  its  satisfactic 
the  engineers,  and  especially'  to  M.  Pasqueau,  the  resident  engineer,  for  the  extender 
searches  and  the  repeated  experiments  to  wnich  he  has  devoted  his  attention  forn 
years  in  working  out  designs  nest  adapted  to  the  mechanism  of  this  important  wo 

I  approve  in  all  points  the  opinion  of  the  coimcll,  and  I  am  happy,  Monsiek 
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X   2. 

IMPROVEMENT  OF  MONONGAHELA  RIVER,  WEST  VIRGINIA  AND  PENNSYL- 
VANIA. 

At  the  close  of  the  last  fiscal  year  the  coudition  of  the  lock  and  dam 
at  Hoard's  Rocks,  West  Virginia,  was  as  follows : 

The  lock  was  finished,  except  the  miter  and  lift  walls  at  the  head,  all 
of  which  had  been  purposely  omitted,  and  the  hanging  of  the  gates  and 
wickets. 

The  dam  was  about  two-thirds  done,  the  most  difficult  part  of  the 
work  having  been  satisfactorily  completed. 

During  the  fiscal  year  just  ended  the  whole  work  has  been  finished 
and  the  lock  opened  to  navigation. 

It  may  be  worth  noting  that  during  the  extreme  low-water  of  last  au- 
tumn, when  the  Ohio  and  all  of  it«  tributaries  nearly  ran  dry,  the  pool 
of  the  Hoard's  Rocks  dam  not  only  remained  full,  but  had  a  steady  over- 
flow, although  the  combs  of  the  dams  below  were  3  or  4  feet  out  of 
water,  and  all  navigation  through  the  lower  locks  was  suspended ;  and 
this  notwithstanding  the  fact  that  the  Cheat  River  joins  tbe  Mononga- 
liela  below  Hoard's  Rocks.  This  favorable  result  at  such  a  time  proves 
the  wisdom  of  the  advice  of  General  Moorhead,  the  president  of  the 
Monongahela  Na\igation  Company,  that  we  should  build  the  Hoard's 
Rocks  dam  of  masonry  instead  of  timber. 

Owing  to  the  fact  that  there  are  two  dams  yet  to  be  built  before  the 
slackwater  will  be  complete  to  Morgantown,  the  present  structure  is 
thus  far  of  but  little  use  to  navigation,  and  pavssage  through  the  lock 
has  been  limited  to  rafts  and  fiat  boats. 

The  cause  of  this  anomalous  condition  of  affairs  is  fully  set  forth  in 
my  various  annual  reports  on  the  improvement  of  the  Upper  Mononga- 
hela. I  am  happy  to  state  that  the  appropriation  of  $25,000  made  in 
the  river  and  harbor  ac/t  of  June  14,  1880,  for  building  a  lock  and  dam 
near  Laurel  Run  is  the  first  step  towards  the  construction  of  the  miss- 
ing link  which  will  bring  the  work  already  finished  into  connection  with 
the  fine  system  of  slackwater  that  has  for  many  years  so  largely  con- 
tributed to  the  development  of  the  counties  along  the  Lower  Mononga- 
hela. 

COMMEECIAL  STATISTICS. 

The  only  available  commercial  statistics  are  the  annual  report^  of  the 
Monongahela  Navigation  Company.  All  of  the  coal  business  of  this 
company  is  done  in  the  first  four  pools,  as  is  also  the  greater  portion  of 
its  remaining  traffic.  These  statistics  are  not,  therefore,  applicable  to 
the  Upper  Monongahela,  but  since  there  are  no  others,  and  inasmuch 
as  the  heavy  traffic  is  steadily  working  its  way  up  stream,  the  figures 
given  are  useful  as  an  approximate  measure  of  what  may  be  expected 
in  the  future. 

SHIPMENTS  ON  MONONGAHELA  SLACKWATER  IN  1879. 

Coal,  coke,  and  slack bushels..  62,015,300 

Classified  frei^bt pounds..  42,583,450 

Lumber feet..     5.436,100 

Timber do  ..     2,376,180 

Brick 1,057,150 

Steel  rails tons..  25«046 

Iron  ore do..  2,405 

Pig  iron do..  1,820 
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Firo  clay tons . . 

Whisky i barrels . . 

Oil  iu  bulk do 

Sand bnshels . . 

Stone perchee . . 

Wood ■ cords . . 

Staves 

Posts 

Sheej) head . . 

Hogs do... 

Cattle  and  horses do 

Passengera 

WORK  DURING  1880-^81. 


2.744 

7.1® 
3,654 

471, 7«* 
134 

111 

4t-£ 
3,463 

51,  ^JS 


The  first  work  to  be  done  during  the  prest^ut  season  will  be  to  pur 
chase  the  necessary  laud  for  lock  and  abutments. 
It  is  probable  that  as  soon  as  this  matter  is  satisfactorily  arranged, 
:  t  will  be  made  for  the  delivery  of  the  stone  required  for  the  lock 

ESTIMATE  FOR  1881-'82. 

The  estimated  cost  of  the  lock  at  Dunkard  Creek  (near  Laurel  Run), 
as  given  in  my  last  annual  report,  is  $115,000,  of  which  suni  $25,000 
was  appropriated  in  the  last  river  and  harbor  act.  In  work  of  this  char- 
acter, which  can  only  be  prosecuted  during  the  brief  and  uncertain 
period  of  low- water,  it  is  of  the  highest  importance  to  have  ample  funds 
on  hand  in  order  to  be  able  to  take  advantage  of  all  favorable  op[)or 
^unities,' and  to  thus  reduce  the  cost  of  engineering  and  superintendence 
and  the  wear  and  tear  of  plant  and  coffer-dams.  For  this  reason  the 
whole  of  the  estimated  cost  of  the  lock  should  be  pro\nded ;  and  I  there- 
fore submit  an  estimates  for  the  sum  of  $90,000,  which  is  still  needed  in 
order  to  complete  the  original  estimate. 

Meanwhile  it  is  necessary  to  provide  for  the  working  exi>eiise^  of  the 
lock  at  Hoard's  Rocks,  together  with  a  small  sum  for  making  the  ran- 
ning  repairs  that  are  always  needed  at  such  structures.  For  these  pur- 
poses $2,000  will  suffice.    The  estimate  is,  therefore,  as  follows: 

To  complete  lock  at  mouth  of  Dunkard |90. COO 

For  running  expenses  of  lock  at  Hoard's  Rocks 2, 000 

Total  for  improvement  of  Upper  Monongahela 92, 000 

Money  statement 

July  1,  1879,  amount  available $22, 589  77 

Amount  appropriated  by  act  approved  June  14,  1830 25,  000  00 


$47,589  77 
July  I,  1880,  amount  expended  during  fiscal  year 22, 589  TT 

July  1,  1880,  amount  available 25, 000  OC- 


Amount  (estimated)  required  for  completion  of  existing  project 164, 000  OC' 

Amount  that  can  be  prohtably  expended  in  fiscal  year  ending  June  30, 1882 .     92,'  000  06 


X3. 

IMPROVEMENT  OF  THE  ALLEGHENY  RIVER. 

The  first  appropriation  for  the  improvement  of  the  Allegheny  Eiver 
was  made  in  the  river  and  harbor  act  of  March  3,  1879.  The  amount 
was  $10,000.  and  it  was  expended  as  follows : 

A  dam  oi  cnb^  &W<^  ^itk  atone  was  built  to  close  the  right-haDd 
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channel  at  Six-mile  Island,  6  miles  above  the  mouth.  It  turns  water 
at  the  3J-foot  stage. 

A  riprap  dam  was  built  across  the  left-hand  channel  at  Nicholson's 
Kapids,35  miles  above  the  mouth.    It  turns  water  at  the  3-foot  stage. 

A  sandbag'dam,  for  temporary  use,  was  built  at  Garrison  Ripple. 

The  channel  at  the  mouth  of  the  Allegheny  was  dredged  out  so  as  to 
allow  light  barges  to  pass  from  the  Ohio  and  Monongahela  into  the 
Allegheny. 

A  crane-boat  was  purchased  and  equipped,  and  put  to  work  remov- 
ing rocks,  snags,  wrecks,  and  other  obstructions.  Her  work  may  be 
summed  up  in  the  following  table.  The  rocks  numbered  are  only  the 
large  ones,  no  count  being  made  of  the  small  ones. 


Locality. 

1 

11 

36 
14 
25 
40 
80 
112 
90 

Snags. 

• 

m 
M 



Old  pier. 

Six-milo  Island    

If  ine-mile  Island 

1 

1 
5 
2 

Nest. . 

Cfub^ydi. 

Fourteen *mile  Island 

Poketo  Rapid  

1 

Boll  Creek  Rapid 

Thence  to  Jack's  Island 

Jack's  Island 

•"     ••••    •••••• 

ITAam'M  Rftf                 ,                .                  ...           

1 

Kreeport  

400 

Mnrph y's  Island                                                 x  x .....     . 

115 

100 

Total    

503 

109 

1 

400 

A  number  of  bad  rocks  at  Oil  City  were  removed  by  a  special  party. 
These  undertakings  used  up  the  whole  of  the  appropriation. 


COMMERCIAL  STATISTICS. 

It  is  impracticable  to  give  accurate  statistics  of  the  commerce  of  an 
inland  river,  as  there  is  no  public  necessity  that  causes  the  compilation 
of  accurate  records.  All  that  can  be  done  is  to  give  such  facts  as  are 
accessible. 

Mr.  Thomas  P.  Roberts,  assistant  engineer  in  charge  in  1879,  reports 
as  follows : 

A  steamer  and  fleet  of  barges  carrying  oil  constantly  plies  on  this  river  from  the  oil 
fields  to  Huntingdon,  W.  Va.,  whenever  the  stage  of  water  permits.  Several  hun- 
dred thousand  barrels  of  oil  have  been  annually  shipped  by  this  route  to  Richmond, 
Va.  Five  other  steamers  are  also  regularly  engaged  in  the  oil  trade  from  the  Pitts- 
burgh and  Ohio  River  re tineries  to  the  oil  regions,  but  the  quantity  of  oil  transported 
by  them  I  have  been  unable  to  obtain.  It  is  usual  for  a  steamer  to  have  three  barges 
in  tow,  and  they  transport  about  7,500  barrels  at  one  trip. 

It  is  estimated  that  the  lumber  trade,  exclusive  of  railroad  ties,  &c.,  amounts  to  over 
200,(  <»«».»  (-o  feet  annually.  Besides  this,  immense  quantities  of  staves  and  flnished  bar- 
rels uro  annually  transported  on  the  river.  The  nat-boats  specially  engaged  in  this 
business  are  quite  numerous. 

The  construction  of  *' bottoms"  for  Ohio  River  coal-boats,  and  latterly,  M  Freeport 
and  oth«*r  points,  of  tiuished  boats  and  barges,  is  a  large  industry,  giving  employment 
to  many  hands,  saw-mills,  &c. 

The  tonnage  of  the  Pittsburgh  coal  barges  and  boats  alono  represents  a  greater  car* 
rying  capacity  than  is  owned  by  any  city  in  America.  These  b«»ats  range  from  400  to 
700  tons  burden  each,  and  3,000  of  them  are  in  constant  use.  It  is  a  safe  calculation 
to  assume  that  HOO  new  boats  are  required  every  year,  a  large  proportion  of  which 
come  from  the  Allegheny. 

A  very  extensive  trade  in  limestone  is  also  carried  on  to  supply  the  furnaces  at  Pitts- 
burgh, which  alone  gives  employment  to  several  hundre<l  men.     Considerable  coal  is 
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also  shipped  from  point  to  point.  Another  item  of  importance  is  the  trade  in  bowlden 
for  street-paving  purposes, 

^  In  short,  the  Allegheny  up  to  and  through  the  oil  regions  is  a  channel  for  a  large 
and  miscf^Ilaneous  commerce  of  very  considerable  importance,  &egregtkt\iig  in  value  »t 
least  $5,000,000  annually ;  and  it  is  ^  channel  very  susceptible  of  iniprovement,  which, 
if  once  effected,  would  greatly  augment  a  commerce  that  now  snnei^  much  from  th« 
nncertainty  of  a  reliable  depth.  The  trouble  is  there  is  too  much  idle  time  for  the 
boat's  in  use,  and  the  more  this  time  is  curtailed  the  greater  the  liiducementA  will  be 
for  shippers  to  avail  themselves  of  the  river. 

APPROPRIATION   OF  JUNE   14,  1880. 

The  last  river  and  harbor  act  appropriated  $20,000  for  the  Allegheny 
Eiver.  Authority  to  begin  work  was  not  received  until  after  the  close 
of  the  fiscal  year. 

It  is  expected  that  by  December,  when  work  must  necessarily  cease, 
the  whole  of  this  appropriation  will  have  been  expended  in  removing 
rocks  and  snags,  and  in  building  wing-dams  and  dikes. 

ESTIMATE   FOB  1881-^82. 

The  estimate  contained  in  my  reports  of  January  10  and  January  20, 
1880,  for  the  improvement  of  the  river  below  French  Creek  by  means  o^ 
dams  and  dikes  and  by  the  removal  of  rocks,  amounted  to  $81,000,  of 
which  $20,000  was  appropriated  at  the  last  session  of  Congress,  leaving 
$01,000  yet  to  be  appropriated.  The  whole  of  this  sum  could  be  advan- 
tageously used  during  the  next  fiscal  year  in  continuing  the  work  already 
begun. 

For  the  Allegheny  River  above  French  Creek  reference  is  made  to 
my  report  of  February  5,  1880  (Senate  Ex.  Doc.  No.  89,  Fort3 -sixth 
Congress,  second  session).  The  estimate  therein  contained  for  improv- 
ing tlie  river  from  French  Creek  up  to  Olean  is  $40,000,  the  whole  or 
any  portion  of  which  could  be  advantageously  expended  during  a  single 
working  season. 

Several  urgent  letters  have  been  received  from  business  men  of  Pitts- 
burgh, notably  one  from  the  Pittsburgh  Chamber  of  Commerce,  request- 
ing that  an  allotment  be  made  for  the  improvement  of  Garrison  Ripple, 
This  ripple  is  at  the  head  of  Kerr's  Island,  and  is  about  2  miles  above 
the  confluence  of  the  Allegheny  and  the  Monongahela. 

The  upper  boundary  line  of  Pittsburgh  crosses  the  Allegheny  8J  miles 
above  this  confluence.  This  xipple,  which  is  impassable  in  low- water, 
and  lies  in  the  lower  half  of  the  Allegheny  Harbor  of  the  city  of  Pitts^ 
burgh,  practically  cuts  that  harbor  in  two. 

Pittsburgh  is  the  chief  town  in  the  United  States  for  all  manafactureti 
of  iron  or  glass,  and  for  many  miles  both  shores  of  the  Allegheny  are 
lined  with  huge  industrial  establishments.  It  is  therefore  of  the  highest 
local  importance  that  the  shoal  which  prevents  the  free  ase  of  the  river 
for  the  transfer  to  and  from  the  mills  of  iron,  coal,  and  other  heavy 
freights  should  be  removed  as  soon  as  practicable. 

The  only  eftectual  way  of  doing  this  is  to  build  a  lock  and  dam  in  tht 
vicinity  of  the  Mechanics  Street  Bridge,  as  recommended  in  my  report 
of  March  9, 1876  (Report  of  the  Chief  of  Engineers  for  1876,  part  2,  pag^ 
149).  The  approximate  estimate  contained  in  that  report  was  $153,000 
for  a  lock  200  by  50  feet,  attached  to  a  permanent  timber  dam. 

Neither  time  nor  funds  permitted  locations  and  detailed  estimate)^ 
but  the  approximate  estimate  can  readily  be  replaced  by  one  more  nearij 
exact,  should  Congress  adopt  the  plan  by  making  a  first  appropria- 
tion. 
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Nothing  else  will  answer  the  legitimate  needs  of  the  harbor  of  Pitts- 
burgh, and  inasmuch  as  the  approaching  completion  of  the  Davis  Island 
Dam,  in  connection  with  the  dams  on  the  Monongahela,  will  soon  give 
all  needed  water  in  the  Ohio,  Monongahela,  and  Lower  Allegheny  por- 
tions of  this  harbor,  it  is  only  fair  that  something  should  be  done  for 
that  part  of  the  Allegheny  Harbor  which  lies  above  the  influence  of 
the  Davis  Island  Dam. 

A  dike  might  help  matters  somewhat,  but  the  long  shoal  of  Kerr's 
Island  lies  just  below  Garrison  Kipple,  and  therefore  but  little  could  be 
expected  from  such  an  improvement.  The  proposed  lock  and  dam  would 
wholly  obliterate  these  shoals,  and  its  beneficent  effect  would  be  felt 
up  to  the  upper  boundary  of  the  city.  As  the  proposed  improvement  is 
on  the  Allegheny  Kiver,  it  seems  proper  to  introduce  it  into  this  report, 

I  therefore  submit  the  following  estimate : 

For  coDtiiiuing  tho  present  system  of  operations  on  the  Allegheny  below 

French  Crook  by  building  dikes  and  removing  obstructions $61, 000 

For  improving  the  Allegheny  between  French  Creek  and  Olean,  N.  Y 40, 000 

For  improving  the  Allegheny  Harbor  of  the  city  of  Pittsburgh 153, 000 

254,000 

•  Money  statement 

July  1,  1879,  amount  available $10,000  00 

Amount  ajipropriated  by  act  approved  June  14,  1680 20, 000  00 

$30, 000  00 

July  1,  1880,  amount  expended  during  fiscal  year 9, 998  64 

July  1,  1880,  amount  available 20,001  36 


Amount  (estimated)  required  for  completion  of  existing  project 111,000  00 

Amount  (estimatod)  for  lock  and  dam  in  harbor  of  Pittsburgh 163,000  00 

Amount  that  can  be  profitablyexpended  in  fiscal  year  ending  June  30, 1882: 

For  dikes  and  dams  and  removal  of  obstructions $111, 000  00 

For  lock  and  dam  in  harbor  of  Pittsburgh 100, 000  00 

211, 000  00 


examination '  and  survey  of  allegheny  eiveb,  from  french 
creek  (franklin,  pennsylvania)  to  olean,  new  york. 

United  States  Engineer  Office, 

Cincinnati,  Ohio,  February  5,  1880. 

General  :  I  have  the  honor  herewith  to  submit  a  report  on  the  survey 
and  examination  of  the  Allegheny  River  between  French  Creek  (Frank- 
lin, Pa.)  and  Olean,  N.  Y.,  which  wa«  ordered  in  t|e  river  and  harbor 
act  approved  March  3,  1879. 

The  field  work  of  the  survey  was  intrusted  to  Mr.  Thomas  P.  Roberts, 
assistant  engineer,  assisted  by  Mr.  J.  B.  Dougherty.  Mr.  Roberts' 
report  is  hereto  attached. 

The  distance  from  Olean  to  the  mouth  of  French  Creek,  as  measured 
along  the  river,  is  132  miles ;  and  in  this  distance  the  river  falls  4^6  feet, 
which  is  an  average  rate  of  3.4  feet  per  mile.  The  survey  was  made 
during  the  very  low- water  of  the  autumn  of  1879,  and  the  least  water 
found  on  any  bar  or  shoal  was  6  inches.  There  are  79  bars  upon  which 
there  was  less  than  1  foot  of  water.  It  is,  therefore,  evident  that  a  depth 
of  1  foot  in  extreme  low-water  is  all  that  can  be  expected  from  any  system 
of  improvement  which  is  limited  to  wing  dams  and  dredging. 

The  most  thorough  and  satisfactory  method  of  improving  this  part 
of  the  Allegheny  River  would  be  to  build  locks  and  dams;  but  such  an 
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improvement,  if  adopted,  should  begin  at  the  mouth  of  the  river,  ^d 
should  be  extended  upstream  as  it  becomes  self-sustaining  from  the 
development  of  an  active  and  remunerative  river  commerce. 

The  Alleghenj^  River  is  particulariy  well  adapted  to  the  use  of  slack- 
water,  on  account  of  its  width  and  its  abundant  supply  of  water.  Th« 
drawback  is  the  frequency  of  gorges  of  heavy  ice.  How  serious  an  ob- 
stacle the  ice  may  be  can  only  be  determined  after  the  endurance  of  one 
or  more  dams  has  been  practically  tested.  It  is  probable  that  the 
increased  depth  that  would  be  created  by  dams  would  have  a  very  bene- 
ficial effect  in  reducing  the  destructive  action  of  gorges. 

As  i^is  out  of  the  question  to  discuss  slack  water  dams  on  the  Upper 
Allegheny  at  the  present  time,  it  only  remains  to  be  seen  whether 
cheaper  expedients  would  secure  such  a  return  as  would  justify  their 
trial. 

It  is  believed  that  by  a  moderate  expenditure,  applied  to  the  removal 
of  rocks  and  the  construction  of  low  crib-dams  and  dikes,  both  the  raft- 
ing period  and  the  period  of  navigation  by  small  tow-boat-s  can  be  ma- 
terially extended  in  the  section  in  question.  An  addition  of  two  months 
can  probably  be  given  to  the  two-foot  navigation  up  to  Warren.  Above 
Warren  there  is  at  present  no  river  interest  except  that  of  rafting;  this 
may,  however,  be  helped  by  the  removal  of  rocks  and  by  a  few  inches 
increase  in  the  depth  on  the  bars. 

For  the  river  between  Oil  City  and  Warren,  Mr.  Roberts  submits  an 
estimate  of  $30,500.  I  would  prefer  that  the  estimate  should  cover  the 
whole  distance  of  this  survey,  and  I  therefore  increase  it  to  $40,000. 
This  amount  will  cover  the  7  miles  between  Oil  City  and  French  Creek, 
and  will  also  admit  of  the  removal  of  rocks,  &c.,  in  the  section  between 
Warren  andOlean,  for  which  Mr.  Roberts  makes  no  estimate. 


.  \ 


Commercial  statistics  on  inland  rivers  where  there  are  no  customs 
duties  are  occasionally  preserved  for  special  reasons,  but  they  are  nev^ 
complete  and  are  often  far  from  accurate.  Such  as  could  be  obtained 
on  the  portion  of  the  Upper  Allegheny  which  is  the  subject  of  this  ex- 
amination have  been  included  by  Mr.  Roberts  in  his  report.  The  chief 
items  are  68,000,000  feet  of  lumber,  1,000,000  bundles  of  shingles,  and 
750,000  bundles  of  laths. 
A  map  in  16  sheets  accompanies  this  report. 
Respectfully  submitted. 

Wm.  E.  Merrill., 

Majar  of  E^ngineers. 
Brig.  Gen.  H.  G.  .Wright, 

Chief  of  Engineers^  U.  S.  A, 


REPORT  OF   MR.    THOMAS   P.    ROBERTS,   ASSISTANT   ENOIXEER. 


,  Pittsburgh,  Pa.,  Janvary,  Ic^. 

Sir  :  I  have  the  honor  to  submit  herewith  the  report  upon  the  survey  of  the  133 
miles  of  the  AUe^heuy  River  between  Olean,  N.  Y.,  and  Franklin,  Pa.,  which  I  iiiad0 
under  your  directions  in  August,  September,  and  October  last. 

Having  been  assigned  by  yourself  to  take  charge  also  of  the  improvement  of  the 
lower  end  of  the  river,  which  latter  work  required  almost  my  constant  attention,  I 
Wiis  unable  to  be  iVi  much  with  the  party  in  the  field  as  I  would  have  desire<l.  I  was 
quite  fortunate,. however,  in  securiug  the  .services  of  Mr.  John  B.  Douglierty,  assist*!)! 
enirinecr,  to  conduct  the  survey  as  trausit  or  compass  man,  who  waa  assisted  by  Mr. 
James  G.  McFarlaue  as  lev^eler.  The  means  provided  were  of  course  too  meager  for  a 
careful  hydrographical  survey  of  such  an  extent  of  river,  complicated  i\s  it  is  witk 
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islands,  bars,  aud  ripples,  but  the  results  obtained  will  be,  I  hope,  all  that  is  necessary 
for  giving  a  correct  knowledge  of  the  general  shape  of  the  stream,  its  profile,  its  lead* 
ing  characteristics,  its  capability  of  improvement,  and  its  value  as  a  highway  for 
commerce. 

From  Salamanca,  N.  Y.,  23  miles  below  Olean,  to  Franklin,  Pa.,  a  distance  of  109 
milcM,  the  survey  was  made  when  the  water  was  lower  than  ever  before  known. 
During  this  time  the  fluctuations  of  the  water  surface  were  confined  to  a  space  of  leas 
than  2  inches. 

This  state  of  the  river  was  extremely  favorable,  therefore,  for  obtaining  with  pre- 
cision the  length  and  descent  of  the  ripples,  many  of  which  would  be  "  drowned  out" 
or  be  inappreciable  even  at  moderately  low  stages  in  the  river. 

Having,  in  1878,  personally  con<luct4?d  a  reconnaissance  of  the  river,  under  your 
directions,  from  Franklin,  the  lower  terminus  of  the  present  survey,  down  to  Freeport, 
93  miles,  or  to  within  30  miles  of  its  mouth,  I  will  venture  to  make  some  reference  to 
the  river  in  general,  for  the  purpose  of  setting  forth  in  a  connected  manner  some  of 
the  features  of  this  important  stream. 

The  name  of  Allegheny,  which  in  New  York  is  spelled  Alleghany  and  Allegany,  is 
derived  from  the  dialect  of  the  Seneca  tribe  of  Indians,  many  of  whom  are  still  residing 
on  the  reservation  along  the  river  north  of  the  Pennsylvanm  and  New  York  State  line. 
The  word  signifies  "fair  water."  As  the  Indian  word  '^Ohio"  in  other  dialects  also 
means  **  fair  water,"  it  is  thought  that  the  aborigines  considered  the  two  streams  to 
be,  as  they  really  are,  one  and  the  same  river.  Were  it  not  for  the  change  in  name  at 
Pittsburgh,  the  Ohio  would  be  stated  in  the  tables  as  a  river  1,29*2  miles  long,  in- 
stead of  967  miles,  the  Allegheny  ailding  325  miles  to  its  usually  accounted  length. 

SOURCE,  AREA  OF  VALLEY,  AND  GENERAL  COURSE. 

The  Allegheny  heads  in  Potter  County,  Peiuisylvania,  interlocking  with  the  head- 
waters of  the  Susquehanna  and  the  Genes^e.     It  is  said  that  rivulets  in  that  county, 
frcmi  a  spot  less  than  1  square  mile  in  area,  discharge  their  waters  into  streams  flowing 
respectively  to  the  Chesapeake  Bay,  the  Gulf  of  Saint  Lawrence,  and  the  Gulf  of 
Mexico. 

The  area  of  the  basin  of  the  Allegheny  is  about  13,000  square  miles,  making  at  Pitts- 
burgh very  nearly  two-thirds  of  the  t<)tal  area  drained  by  the  Ohio  at  that  point. 
After  a  meandering  course  of  about  55  miles  through  Potter  and  McKean  counties, 
Pemisylvania,  the  last  15  miles  of  which  are  due  north,  it  enters  the  Stat«  of  New 
York  in  Cattaraugus  County. 

From  the  line  it  continues  its  northward  course  6  or  8  miles  farther,  thence  it  turns 
almost  due  west  to  Olean,  about  70  miles  below  its  headwaters. 

Below  Olean  it  continues  its  western  course  to  Salamanca  (23  miles),  from  which 
last-mentioned  point  it  tak^s  its  final  southwest  course  to  Pittsburgh. 

PROFILE,    FLOODS,    BOTTOM   LANDS,    AC. 

It  is  a  somewhat  singular  circumstance  that  for  a  considerable  distance  the  head- 
waters of  the  Allegheny  have  a  less  fall  per  mile  than  tbe  main  portion  of  the  stream 
farther  down. 

For  25  miles  above  Olean  it  is  stated  to  have  a  descent  averj^ing  less  than  2  feet 
per  mile.  Below  that  point,  in  the  first  20  miles,  our  levels  show  that  its  descent  is  at 
the  rate  of  1.7  feet  ])er  mile. 

In  this  comparatively  flat  portion  of  its  course,  the  river  flows  through  extensive 
bottoms  measuring  in  places  a  mile  on  each  si<le  to  the  foot-hills.  These  bottoms  are 
in  parts  subject  to  overflow,  even  with  rises  of  10  to  12  feet ;  which,  if  not  ett'ecting 
much  d.amage  to  property,  as  such  places  remain  uncultivated,  at  lesist  fill  up  the 
sloughs  and  make  impassable  morasses.  The  high-water  of  1873  rose  15.8  feet  at 
Olean,  or  about  6  feet  higher  than  the  ordinary  banks  of  the  river.     Considerable 

Sortions  of  these  bottoms,  between  Olean  and  Salamanca,  rise  in  terraces  above  the 
iK)d  lines,  and  are  in  a  high  state  of  cultivation,  producing  hay  princij  ally,  with 
grain  and  fruit,  particularly  ap))1es,  in  great  abundance. 

This  upper  portion  of  the  Allegheny  Valley  is  in  every  respect  different  from  the 
country  below.  I  am  of  the  opinion  that  it  was  once  a  sballow  lake,  similar  in  some 
respects  to  the  adjacent  long,  narrow  lakes  of  New  York,  which,  by  a  general  subsi- 
dence in  a  southerly  direction,  was  drained  out. 

The  hills  for  the  first  time  converge  on  the  river  banks  at  Corydon,  Pa.,  just 
below  the  State  line.  Near  that  jmint  there  is  some  evidence  of  a  gorge  whicb  might 
have  be«'n  the  original  outlet  of  tbe  lake.  There  is  quite  a  sudden  change  in  the 
profile  of  the  river  from  the  20th  mile  ]»oint  below  Olean  (just  above  Salamanca),  the 
second  20  miles  descending  at  the  rate  of  ii.7  feet  per  mile.  The  third  20-mile  division 
falls  at  the  rate  of  5  feet  per  mile. 
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The  bottoms,  with  the  exception  noted  at  CorydoD,  to  near  the  6(>th  mile,  unifonnly 
vemain  from  |  a  mile  to  1|  miles  wide  from  hill  to  hill. 

At  the  77th  mile  the  hills  finally  converge  on  the  river  banks,  and  thence  to  the 
mouth  of  the  Mahoning  River,  123  miles,  they  follow  the  stream  quit©  cloaely,  leaving 
only  occasionally  any  regular  bottom  land.  TTie  exceptions  are  found  only  at  the 
mouths  of  large  tiibutaries.  The  absence  of  bottoms  for  so  long  a  distance  is  a  stiik- 
iug  feature  of  this  river. 

Aa  the  valuable  report*  of  Gen.  G.  K.  Warren  have  investe*!  with  much  interest  bb 
hypothesis  of  a  continental  subsidence,  and  the  attendant  di8apx>earance  of  certain 
lakes,  I  will  add  that  the  curious  may  find  iu  the  valley  of  the  Oouewango,  a  large 
tribtitary,  as  well  as  along  the  Allegheny  itself,  local  evidence  of  some  such  acUn 
begun  in  the  past,  and  possibly,  as  General  Warren  surmises,  still  continuing. 

The  Conewango  flows  south  for  about  20  miles  parallel  with  the  course  of  the  Alk- 

fheny,  which  lies  a  few  miles  to  the  east,  but  separated  from  that  stream  by  a  high, 
road  range  of  hills  or  uplands.  Its  valley  for  much  of  this  distiince  is  very  wide,  hot, 
judging  by  the  eye,  its  water  appeared  to  be  exceedingly  sluggish,  apparently  ponded 
back  for  miles.  Such  is,  however,  by  no  means  the  case  with  the  adjaM^ent  portion  o( 
the  Allegheny,  which  falls,  as  before  said,  in  this  nart  at  the  rate  of  5  feet  per  mile. 

I  can  offer  no  explanation* of  this  want  of  parallelism  in  the  planes  of  these  adjoining 
valleys.  It  will  suflico  to  have  called  the  attention  to  the  possible  lacustrine  origia 
of  these  extensive  flats. 

The  following  is  a  condensed  statement  of  the  fall  of  the  river  from  Olean  to  Pitts- 
burgh, beginning  at  Olean : 

Feet  per  mile. 

First  20  miles 1.7 

Second  20  miles 3.7 

Third  20  Diiles 5.0 

Fourth  20  miles , Xh 

Fifth  20  miles  . 3.5 

32  miles  to  Franklin 3.0 

Franklin  to  Pittsburgh,  123  miles - 2. 1 

Average,  Olean  to  Franklin,  132  miles 3,4 

Average,  Franklin  to  Pittsburgh,  123  miles 2. 1 

Average,  Olean  to  Pittsburgh,  255  miles 2. d 

Tlu>  table  of  ripples  at  tlie  end  of  this  report  gives  the  elevation  above  mean  ocean- 
level  at  nearly  every  mile  above  Franklin. 

CHARACTER  OF    RIVER-BED,   ICE-GOROES,    AC. 

From  what  has  been  said  of  the  differences  existing  in  the  characteristics  of  the  dif- 
ferent portions  of  the  valley  of  the  Allegheny,  it  is  natural  to  expect  that  the  river 
itself  would  not  have  the  same  regimen  throughput ;  and  it  certainly  has  not.  Froa 
Olean  to  Jamison's  Falls,  27^  miles,  the  river  meanders  through  its  wide  valley,  har- 
ing  a  sandy  or  fine  gravel  bottom  and  an  average  width  of  300  feet.  At  the  Falfs  a  few 
rocks  and  small  bowlders  make  their  appeatance  for  the  first  time  in  the  bed  of  the 
stream,  but  below  that  point,  for  35  miles  more,  we  find  the  former  characteristics  of 
soft  bottom,  the  most  notable  exception  beinc  at  Limestone  Falls,  41^  miles  down. 
Here  there  is  a  solid  ledge  of  limestone  underlying  the  river-bed,  and  the  descent  n 
3.84  feet  in  a  distance  of  650. 

Throughout  these  60  miles  the  p6ols  between  the  rapids  are  shallow,  rarely  exceed- 
ing 5  feet  in  depth.  Thence  to  Warren,  at  the  mouth  of  the  Conewango  (67  miles)  more 
loose  rocks  are  observable.  Below  the  Conewango,  the  river  at  ordinary  stases  is  54* 
feet  wide,  the  pools  varying  in  depth  from  6  to  10  feet  or  more,  and  the  rocks  wbiek 
have  fallen  from  the  hills,  or  have  been  pushed  out  by  the  tributaries,  CTadually  in- 
creasing in  number  and  size  in  the  channel  and  along  the  shores.  From  Tionesta^  1(B 
miles,  to  Pittsburgh,  rocks  are  seldom  absent  from  the  shoals,  often  lying  partiailT 
buried  in  the  gravel,  and  proving  dangerous  obstructions  to  navigation. 

Below  Franlcliu  the  pools  gradually  deepen  to  14  feet  or  over,  and  average  a  mile  ii 
length.  Some  of  the  pools  are  25  feet  deep  at  the  very  lowest  stage.  The  waters  flf 
this  river  are  naturally  so  clear  that  I  have  frequently  seen  the  bottom  where  it  wail< 
feet  deep.  The  beds  of  some  of  these  lower  river  pools  are  composed  of  large  fr«f- 
ments  of  rocks,  varying  in  dimensions  from  1  to  20  cubic  yartls,  lying  irregularly  orrf 
each  other.  [As  they  form  excellent  building  material  it  might  he  cheaper  to  ni« 
these  stones  than  to  work  the  (luarries  on  tlie  hillsides.]  At  several  places  I  v« 
struck  with  the  fact  that  so  little  small  stone  or  gravel  occupied  the  interstices  of  th«r 
rocky  bottomed  po<»ls.  As  such  pools  sometimes  occur  between  shores  which  are  hard 
or  rocky,  the  query  arose  as  to  how  the  large  and  sometimes^ shifting  gravel  and  l>owJ- 
der  bars  at  their  lower  ends  were  maintained ;  not  only  maintainea.  but  occAsionalK 
observed  to  be  enlarging  in  area  and  increasing  in  height.     Certain  velocities  viH 
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doubtless  hold  in  snspension  certain  sized  particles  of  sand,  gravel ,  &c.,  but  I  can 
scarcely  conceive  that  bowlders,  5,  6,  and  10  iuches  in  diameter,  are  transported  by 
the  current  over  these  deep  pools.  According  to  the  theory  of  suspension  we  should 
•expect  that  some  of  them  would  be  caught  by  the  bottom  eddies  and  thrown  down 
into  the  deep  receptacles  between  the  rocks  referred  to.  We  luust,  however,  recognize 
the  fact  that  these  bowlders  do  travel,  year  by  year,  gra<lually  down  the  stream.  I 
•venture  to  offer  the  following  explanation  of  this  phenomenon,  if  it  may  be  so  called. 

The  Allegheny  River  is  peculiarly  subject  to  hard  freezes,  ice-gorges,  &c.  In  the 
neighborhood  of  Franklin  and  Oil  City  clear  ice  sometimes  forms  30  inches  thick.  In 
the  breakups  which  may  happen  when  the  weather  becomes  mild,  the  ice  is  no  sooner 
in  motion  than  gorges  form  at  some  of  the  shoals  or  in  the  narrow  bends.  The  motion 
■once  checked  the  ice  immediately  piles  up  and  a  temporary  dam  is  formed,  raising  the 
water  several  f»»et,  and  forcing  the  ice  high  up  on  the  banks.  Eventually  the  gorge 
moves,  though  it  sometim*'S  happens  that  colder  weather  will  set  in  before  it  starts, 
in  which  case  the  fragments  of  strande<l  ice  left  behind,  piled  upon  t\u^  bars  and  along 
the  shores  above  the  fast  receding  water  line,  become  congealed  in  solid  masses,  hold- 
ing in  their  embrace  the  bowlders,  gravel,  and  detached  rock  on  which  they  rest. 
Finally  a  flood  of  sufficient  height  arrives,  and  these  minature  ice-barges  (often  drawing 
10  feet  of  water)  find  themselves  in  the  stream.  Being,  as  I  have  supposed,  weighted 
with  stone  below^  their  center  of  gravity,  they  will  not  turn,  but  float  over  the  deep 
pools,  parting  with  their  stony  freight  only  by  attrition  with  the  river-bed  on  the  shoals ; 
hence  the  growth  of  these  bars.  (This  shore  ice  when  starting  frequently  carries  off 
large  trees,  which  it  drags  out,  roots  and  all.) 

The  Allegheny  River  is,  I  think,  more  subject  to  ice-gorges  than  any  of  the  other  trib- 
ntaries  of  the  Ohio.  The  extremely  cold  winter  climate  of  the  elevated  regions  about 
itii  headwaters,  its  rapid  descent  causing, great  velocity  of  current,  the  suddenness  of 
its  floods,  and  the  number  of  it^  short  bends,  all  conspire  to  make  it  remarkable  in  this 
respect.  I  allude  so  fully  to  this  subject  because  I  believe  it  a  matter  of  the  gri^atest 
importance,  as  affecting  any  plans  which  may  be  proposed  feu*  the  imi>rovemeut  of  the 
river. 

Reliable  accounts  of  these  ice-gorges  changing  the  channels,  washing  away  bars 
and  islands,  and  occasionally  rebuilding  them  elsewlierc,  are  difficiilt  to  obtain;  but 
that  such  efleets,  due  to  such  causes,  are  often  witnessed  on  this  river  cannot  well  be 
iloubted. 

At  Kinzua,  in  the  upper  wide  bottom-land  region,  54^  miles  below  Olean,  an  ice- 
gorge  some  years  ago  dammed  the  river  up,  and  caused  it  to  flow  in  a  circuitous  route 
a  mile  or  more  through  the  boftonis,  wIhtc  it  washed  off*  the  soil  of  cultivated  fields 
And  caused  much  damage  to  property  before  finally  returning  to  the  channel. 

Another  and  more  remarkable  gorge  happened  in  the  month  of  January,  1877,  within 
the  city  limits  of  Pittsburgh,  opposite  Fiftieth  street  (about  4^  miles  above  the  mouth 
of  the  river).  Fiftieth  street,  prior  to  that  winter,  terminated  about  midway  of  the 
pool,  2  miles  lon^,  between  Six-mile  Island  and  Garrison  Rip])le.  This  |>ool  was 
from  1,000  to  1,100  feet  wide,  the  normal  width  of  the  lower  portion  of  the  river,  and 
in  1868,  when  I  hiul  occasion  to  sound  it,  was  10  to  14  feet  deep. 

The  ^ool  was  somewhat  bowed  or  crescent-shaped  on  an  arc  of  great  raclius,  practi- 
cally straight.  On  this  occasion  the  Allegheny  broke  up  at  a  stage  of  only  5^  feet, 
while,  on  the  other  hand,  the  Monongahela  was  in  a  flood  stage,  and  there  is  no  doubt 
that  it  ponded  back  the  Allegheny  and  checked  its  current  considerably  above  Fiftieth 
street.  When  the  gorge  formed  in  this  place  the  bed  of  the  river  for  10  miles  above 
became  entirely  choked  up  with  ice  piled  to  the  height  of  between  25  and  30  feet, 
covering  the  bottoms  in  places.  It  remained  intact  for  several  weeks,  during  which 
period  the  pent-up  water  excavate  outlets  for  itself  beneath  the  ice.  The  effect  of 
these  powerful  jets  of  water  was  to  dig  up  and  carry  away  the  gravel  from  the  bed  of 
the  river  from  a  half  mile  above  Fiftieth  street,  and  deposit  it  in  the  form  of  a  bar  in 
mid-river  below  the  gorge.  This  bar  and  shoal,  containing  6  to  8  acres,  yet  remains, 
its  top  showing  above  low-water  surface.  This,  then,  is  a  case  of  a  bar  and  shoal  being 
•creat«il  where  before  there  was  deep  water  and  a  fine,  wi<le  channel.  The  quantity  of 
ice  held  by  this  gorge  may  be  approximately  estimated  at  2:'S,0(X),000  tons. 

There  are  a  number  of  exceptions  along  this  river  to  the  general  rule  of  the  deepest 
water  appearing  in  the  bends.  At  some  places,  where  there  are  islands,  the  channel 
in  the  bends  is  entirely  dry  at  low-water,  being  choked  up  with  gravel  two  or  more 
feet  above  the  water  surface  ;  while  the  low-water  course  is  seen  struggling  among 
rocks  and  a]>proaching  the  convex  shore.  The  reason  for  these  exceptions  to  the  rule 
can,  I  think,  he  only  properly  ascribed  to  the  action  of  ice-gorges.  These  form  more 
solidly  in  the  bends,  being  drawn  there  with  most  violence  by  the  high  waters  usually 
attending  the  breakups.  The  weaker  eiuls  of  these  ice  dams  first  break,  or  are  uniler- 
mined,  and  thence  results  the  forma' ion  of  a  channel  along  the  convex  shore  into 
which  the  low-water  naturally  draws. 

Such  being  some  of  thti  eftects  produced  by  the  almost  irresistible  agency  of  ice  in 
this  river,  the  engineer,  in  proposing  plans  for  its  radical  improvement  by  the  use  of 
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either  movable  or  permanent  dams,  will  be  called  upon  to  provide  extraordinary  menu 
for  their  Becnrity,  and  for  the  permanent  maintenance  of  a  navigable  depth  in  tbeii 
pools.  The  future  must  of  course  take  care  of  itw^lf,  but  I  have  thought  in  view  ol 
the  damage  annually  done  to  steamers  and  to  other  craft  by  ice  from  tbii»  river 
which  is  tne  heaviest  that  reaches  the  Ohio,  that  it  would  be  quite  practicable,  an( 
possibly  advisable,  to  constnict  severable  movable  dams  at  int-ervals  to  Oil  City,  will 
several  others  on  the  Kiskiminetas,  the  Clarion,  and  the  Red  Bank,  for  the  sole  poi 
pose  of  being  maneuvered  during  the  winter  with  the  object  of  preventing  han 
freezing.  The  lowering  of  these  dams  would,  I  believe,  create  flood-waves  sufficient! 
strong  to  break  up  and  carry  oflf  the  ice.  If  one  of  the  dams  near  Pittsburgh  wa 
made  a  permanent  structure,  its  overfall  would  tend  to  further  break  up  theice-fieldi 
and  make  the  pool  of  the  Davis  Island  dam  a  much  safer  harbor  of  n^fuge  for  tb 
thousands  of  barges  and  st4'amer8  which  will  seek  it  after  the  completion  of  that  in 
portant  improvement.  '  * 

BRIDGES  AND  OTHER  ARTIFICIAL   OBSTRUCTIONS  TO   NAVIGATION. 

Special  reference  to  the  obstructions  to  navigation  on  this  river  iu  the  shape  of  lo 
bridges  with  short  spans,  the  result  of  injudicious  State  legislation,  having  been  ma< 
in  your  report  of  last  year  (Ex.  Doc.  21,  Forty-fifth  Congress,  third  8e8.sioii),  I  appei 
herewith  a  tabulated  statement  of  these  structures,  from  which  it  becomes  evidei 
that  the  language  employed  was  amply  justified  by  the  fact^. 

In  the  column  of  channel  widths  a  deduction  in  every  case  for  the  bridges  belo 
Warren  should  be  made  of  at  least  30  feei  to  allow  for  the  thickness  of  piers  and  tl 
riprap  thrown  around  them.  The  measurements  here  giveu  are  frooi  center  to  cent 
of  piers. 


Tabulated  statement  of  bridges  crossing  the  AUtgheny  Hir^r  in  Xew  York  and  PennsylvM 

belotc  Glean  to  Pittsburgh, 


u 


Place. 


Olean.  high waj* 

Warren  and  Bradford  Railroad    . . . 

Allegany,  highway 

Vandal ia,  highway 

Erie  Railroad,  Bi*adford  Branch  . . . 

Tuna  Cn?ek,  highway 

Salanianai,  highway 

Little  Valley  Creck'laland,  highway 

Red  Houao,  highway 

Quaker  Bridge,  highway 

Warren,  highway 

Philadelphia  ami  Erie  Railroad 

Tidionte,  highway 

Tiouesta,  highway       

Allegheny  Valley  Railroad 

Oil  Citv,  highway  

Do 

Franklin,  highway  

Blue  Rock,  highway 

Scmbgra»«.  railroad 

Enileuton,  highway   

Parker,  railmad  aiid  highway 

Brady'H  Bend,  railntad    

Kittanning,  highway ». 

Freeport,  railroad  .  * 

Sharpsburg,  highwayt 

Forty-third  street,  highwayt 

Sixteenth  street,  highwayt  

Railroadt 

Ninth  street,  highwayt 

Sixth  street,  highwayt 

Point,  mouth  of  river,  highwayt  . .. 


o 
ee    . 

Is 

S    ' 

"S 


Feet 
16.5 
20.0 
19.4 
la.  2 
14.4 
26.0 
19.2 
20.0 
21.0 
17.5 
24.4 
18.6 
27.8 
25.5 
29.0 
29.0  I 
41.0 
31.5 
27.0 
22.7 
U.O 
34.5 
35.7 
32.7 
38.(>. 
3&0 
37.0  ' 
39.0  I 
38.0 
39.0 
37.0 
40.0 


Character  of  Btructure. 


Iron  truAS. 
Wowi,  Ilowe  truss. 
Iron,  bow-string  girder. 
Wood,  Queeo  tniMS. 
Woo<l,  Howe  trass. 
Wood,  Quc^eu  truss. 
Mixed  trusses. 
Iron,  bow-Htrin^  f]nrder. 
Combination — wood  and  iro 
VVoo<l,  C^ueen  truss. 
Suspension. 
CovertMi  woodcm  truss. 
Suspension. 
Iron,  bow-strinfc  girder. 
Covered  w^ooden  tram. 

Do. 
Suspension. 

Open  wood  and  iron  truss. 
Wooden  truss,  new  (1879i. 
Howe  trnsH,  wood. 
Covered  wooden  arch. 
Iron,  bow-string  cirder. 
Howe  truss,  wood. 
Iron,  bow-string  girder. 
Det-ked  woo<len  arch. 
Open  iron  truss. 
Coveretl  wooden  arch. 

Do. 
Iron  lattice  truss. 
Covered  wooden  arch. 
Suspension. 
Wood  truss  with  arch. 


Estimated. 


i  Pittsburgh. 
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In  addition  to  the  abovo,  there  are  a  niiniher  of  ponton  bridges  maintained  in  the 
upper  portion  of  the  river  in  the  State  of  New  Yofk,  but  they  allow  rafts  to  pass  in 
times  of  freshets.  No  other  navij^ation  exists  or  is  at  present  contemplated  on  that 
part  «)f  the  river,  so  that  these  ponton  bridges,  as  well  as  the  low  bridges  above  War- 
ren, can  ])robably  be  tolerated  for  many  years  to  come.  A  steamer  once  actually  as- 
cended the  river  fiom  Pittsbnrgh  to  Olean,  but  it  must  have  been  before  the  days  of 
bridges,  as  no  boats  are  constructed  low  enough  to  pass  under  several  of  the  bridges 
above  Warren.  A  height  of  at  least  i^  feet  at  Olean,  35  feet  at  Franklin,  and  40  feet 
below  that  point,  shoiild  in  my  opinion  be  given  to  bridges  on  this  river. 

Next  to  the  bridges,  the  riv<  rmen  complain  most  of  the  refuse  from  oil  refineries  and 
acid  works  which  is  permitted  to  ])e  wasted  into  the  river.  The  oil  refuse  is  a  tarry 
substanre  which  rojitaminates  ev«  rything  with  which  it  c«  nies  in  contact.  It  does 
great  damage  to  the  rafts  of  sawed  lumber,  and  even  the  shingles  piled  on  the  rafts 
are  frequently  damaged  by  this  substance  being  dashed  over  t4iem  by  the  waves  of 
X>assing  steamers.  Tlie  horses  employed  by  the  gnypor  men  in  the  seasons  of  low- 
water,  in  towing  their  boats  of  limestone,  staves,  baiTels,  &c.,  become  smeared  with 
this  tar  :  while  at  other  places  the  unfortunate  animals  have  their  legs  cut  with  the 
acid.  This  acid  (refuse  of  vitriol),  diluted  as  it  is  in  the  river,  still  accumulates  in 
places  sufficiently  concentrated  to  disintegrate  the  fibers  of  cables,  which  freciuently 
Dreak  as  though  cut  with  a  knife.  For  a  long  distance  below  one  of  these  manufac- 
tories it  is  unsafe  to  bathe  in  the  river.  The  case  of  a  loss  of  life  from  this  cause  was 
reported  last  year  as  occurring  at  Oil  City.  It  certainly  is  a  gigantic  nuisance  to 
'which  thousands  can  testify,  and  which  should  be  abated.  As  the  oil  refuse  will  bum, 
it  could  easily  be  destroyed  in  that  way. 

Many  riverraen  have  called  my  attentionto  these  annoyances,  with  the  hope,  I  sup- 
pose, that  mentioning  them  in  a  report  might  aid  them  in  securifig  them  relief. 

Many  years  ago  a  high  and  low  water  line  was  established  by  the  city  of  Pittsburgh, 
beyond  the  outside  limits  of  which  it  wsis  forbidden  to  extend  embankments.  But 
notwithstanding  the  ordinance  many  establishments  persist  in  building  out  with  their 
furnace  clinkers  obviously  beyond  the  prescribed  limits.  Pipe  lines  for  the  conduit  of 
oil  laid  in  the  bed  of  the  river  occasionally  obstruct  the  low-water  navigation.  .  These 
examples,  however,  will  suffice  to  show  the  need  of  an  efficient  revision  of  afiairs  on 
this  river  for  the  public  benefit.  No  unity  of  action  can  be  exi)ected  from  those  in- 
terested in  the  navigation.  The  individuals  concerned  are  groping  in. the  dark  and. 
feel  that  they  have  no  legal  status,  and  will  continue  to  feel  so  until  more  specific 
legislation  establishes  their  rights.  A  case  in  ]»oint  will  illustrate  the  vagueness  of 
the  knowledge  which  even  officials  have  in  regard  to  the  rights  of  navigators.  A 
furnace  company  in  1878  persisted  in  throwing  red-hot  cakes  of  cinder,  the  pieces 
often  being  the  size  of  one-half  cubic  yard,  over  the  bank,  where  they  rolled  down  to 
the  water's  edge.  Horses  in  towing  boats  past  this  place  were  often  severely  burned 
(I  believe  some  of  them  died).  The  owners  made  complaint  at  the  custom-house.  Thej'- 
-were  referred  by  the  officials  there  to  the  mayor  of  the  city,  who  desired  to  know 
-whether  the  furnace  company  was  filling  out  on  their  own  property  or  beyond  the 
line  where  the  jurisdiction  of  the  United  States  is  supposed  to  begin.  As  this  point 
could  not  lie  settled,  nothing  was  done  until  members  of  the  Oil  Exchange  remon- 
strated and  secured  relief  for  the  boatmen. 

TRADE    AND   COMMERCE  OF  THE  ALLEGHENY. 

The  rafting  of  lumber,  as  before  said,  is  the  sole  business  done  on  the  river  above 
Warren.  Below  that  point  steamers  occasionally  use  the  river  for  the  transportation 
of  coal,  &c.,  in  flat-boats,  to  the  Venango  County,  Pennsylvania,  oil  regions.  The» 
transportation  of  oil  by  rail  and  by  pipe-lines  has  effectually  destroyed  the  river  ship- 
ment of  this  extensive  article  of  commerce,  except  for  that  portion  destined  for  the 
Ohio  Valley,  or  which  seeks  the  favorable  competing  outlet  from  Huntington,  on  the 
Ohio,  via  the  Chesapeake  and  Ohio  Railroad,  to  Richmond,  Virginia.  A  powerful 
steamer  and  fleet  of  bulk  oil  boats,  each  boat  carryintj  2,f>0()  barrels  or  7,800  for  the 
fleet,  makes  constant  trips  up  the  river  to  Parker^s  and  elsewhere,  whenever  the  water 
will  permit.  The  proprietor  of  this  line  assures  me  that  a  large  increase  in  the  trade 
'would  result  from  the  improvement  of  the  river,  particularly  by  the  removal  of  the 
dangerous  rocks  which  cause  them  to  withdraw,  while  there  may  otherwise  be  for 
weeks  a  reliable  depth  in  the  channel.  Besides  this  line,  five  other  steamers  are  en- 
gaged in  the  trade  from  the  oil  regions  to  Pittsburgh  and  Wheeling. 

The  miscellaneous  business  transacted  o;i  the  river  near  Pittsburgh  is  very  exten- 
sive, particularly  that  which  is  connected  with  the  large  barrel  factories,  and  also 
with  the  work-house,  9  miles  up.  The  superintendent  of  the  work-house  calculates 
that  their  direct  loss  is  over  $50  a  day.  when  they  cannot  receive  their  staves  and  de- 
liver their  barrels  by  boat,  which  moae  of  shipment  is  always  preferred  to  the  raQ- 
roads.  ThQ  funlaces  at  Pittsburgh,  chiefly  located  on  the  Allegheny,  consume  annu- 
ally thousands  of  tons  of  limestone,  which  is  brought  to  them  in  barges  from  above. 
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The  honorable  Harry  White,  member  of  Congress,  has  estimated  the  quantity  of  lim- 
ber annually  transported  down  the  Allegheny  to  Pittsburgh  at  200,000,000  feet,  ju^ 
including  staves,  &.c. 

The  fonowiug  are  the  statistics  of  the  lumber  trade  of  the  portion  of  the  river  ooTeTid 
by  the  survey ;  they  were  obtained  from  the  mill-owners  at  the  various  points  de«i|- 
nated: 

Tiibul4ited  statement  of  sawed  lumber  and  other  products  of  timber  shipped  annualljf  6;  ikt 

Allegheny  River. 


Feet,  B.  M. 

BundU*. 

BundlLn. 

7.  000,  001) 

100,000 

60,901 

5,000.000 

100,000 

75.  «• 

6,000,000 

55,  000 

40.001 

8.000,000 

60.000 

,10,  o« 

2,000,000 

20.000 

15.  we 

7,  000,  000 

300.  oou 

200.  M 

9,000,000 

80,000 

120,  OM 

20,  000,  000 

200,000 

lee.iw 

4,000,000 

60.000 

40,009 

975,000  ,     im,m 


Olean* '■  0.0 

Salamanca 1  23. 3 

Corydon 46.2 

Kinzua  Creek ,  56. 4 

Warren 66. 8 

Tidioute i  89.8 

East  Hickory  Creek 96.4 

Tione«ta 104.4 

Hemlock  Creek 1  112.0 

Total ':  68,000,000 

J  I  II 

*  Olean  and  above. 

There  yet  remain  to  be  developed  valuable  quarries  of  biiildiiig-stoue,  of  IimestoD« 
for  furnaces,  and  of  glass-saiid,  mines  of  coal  and  of  iron  ore,  and  thousands  of  acres 
of  hemlock  timber,  the  bark  of  which  is  extensively  used  for  tannin;^. 

The  marke*  is  uear,  but  the  ext^Misive  development  of  such  natural  re.sources  most 
await  cheaper  transportation,  which  can  only  be  obtained  by  an  iraprov^ed  river. 

PROPOSED  METHOD  OF  IMPROVEMENT— ESTIMATE   OF    COST,    ETC. 

The  proposed  system  of  improvement  iu  view  of  the  present  commerce  t-o  be  beue- 
fit'Cd,  which,  though  considerable,  is  still  relatively  limited,  which  I  r€^commeDd€d 
last  year,  viz,  the  removal  of  rocks  from  the  channel  and  the  consmction  of  \vin|;- 
dams  at  the  shoals,  still  ap)>ears  to  me  the  most  advisable.  It  is  a  cheap  system,  bat 
one  which  meets  the  present  demands  and  which  in  tioie  will  create  the  nece<isity  for 
a  bett.er  method. 

I  have,  in  the  general  description  of  the  river  above  Warren,  designated  a  number 
of  places  which  could  probably  be  irpproved  by  the  construction  or  wing-dam-s,  bat 
as  the  lumber  trade  is  gradually  declining  new  industries  above  that  point  must  ari» 
before,  in  my  opinion,  any  considerable  expenditure  would  be  justified.  It  would  be 
proper,  however,  to  make  an  exception  of  the  case  of  the  dam  at  Corydon,  Fa.,  near 
the  State  line. 

.  At  that  place  certain  saw-mill  owners  have  erected  a  crib-dam  entirely  closing  th* 
river,  the  descent  over  which  is  3^  feet.  At  some  stages  rafts  passing  over  the  dun 
dip  their  heads  so  as  to  strike  the  bottom,  and  in  consequence  many  have  been  broken 
up  and  destroyed.  The  upper  rivermeu  have  been  persistent  in  their  efforts  to  h*T€ 
this  dam  removed,  or  so  modified  as  to  permit  them  passing  it  with  a  greater  degree 
of  safety,  but  so  far  the  local  courts  have  not  faund  a  way  to  afford  the  raftsmen  uny 
relief. 

There  may  come  a  time,  also,  when  it  will  be  desirable  to  radically  improve  tb* 
river  to  Olean  in  order  to  take  advantage  of  the  remarkably  low  summit  existing 
between  the  Allegheny,  near  that  point,  apd  the  waters  of  the  Genesee  River.  Tb^ 
Grenesee  Valley  Canal,  constructed  by  the  State  of  New  York,  but  recently  abandoned 
connected  the  Allegheny  River  via  this  route  with  the  New  York  and  Erie  Canal  »J 
Rochester.  The  distance  via  the  canal  to  Rochester  is  107  miles;  distance  from 01e«ii 
to  the  summit  level  14  miles;  to  reach  which  six  locks  only  were  rea aired,  overcoomi^ 
a  lift  of  67  feet.  From  the  summit  to  Rochester  the  descent  is  980  teet,  but  as  301  fcet 
of  this  fall  occurs  in  one  division  of  12  miles  and  530  feet  of  it  in  another  section  of 
the  same  limited  leuifth,  it  is  quite  probable  that  hydraulic  inclined  planes,  such  u 
you  proposed  for  the  Trans- Allegheny  Canal  (see  Report  of  Chief  of  Eugmeers,  U.  S.  A., 
1876,  vol.  2,  p.  82),  could  be  resorted  to  as  a  means  to  avoid  the  delays  atteDiliii^ 
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excessive  lockage.    The  water-supply  at  the  summit,  I  understand,  can  be  considera- 
bly enlarged. 

There  is  depth  of  at  least  3  foet  in  the  channel  of  the  Allegheny  to  Warren  on  an 
average  of  100  days  in  each  year,  and  a  de()th  of  2  feet  on  an  average  of  130  days. 
In  1878  I  showed  by  the  recoras  kept  at  Oil  City,  57  miles  below,  that  the  removal  of 
rocks  and  the  construction  of  wing-dams  would  add  about  six  weeks  to  the  duratioot 
of  a  2-foot  stage  to  that  point.  We  may  with  safety  assume  that  the  improvement 
will  add  one  month  of  2  feet  water  (the  least  practicable  depth  for  steamboats)  to  the 
duration  of  navigation  to  Warren,  thus  making  an  annual  navigation  of  160  days. 
It  must  be  borne  in  mind  that  the  130  days  dunng  which  the  river  is  now  navigable 
cannot  all  be  relied  on,  as  the  presence  of  rocks  practically  cuts  off  from  safe  naviga- 
tion all  the  time  that  the  river  is  actually  below  a  depth  of  3  feet.  In  effect,  there- 
fore, the  improvement  will  add  fully  two  months  to  the  period  of  each  year,  during 
'which  steamers  and  barges  can  ply  on  the  river  as  high  as  Warren.  This  much 
secured,  the  bark  industry  and  others  to  be  benefited  could  be  managed  in  the  same 
manner  as  the  coal  trade  from  Pittsburgh,  which  keeps  relays  of  boats,  some  of  which 
are  always  at  the  mines  in  readiness  to  depart  whenever  a  rise  comes. 

In  selecting  places  for  improvement  I  have  paid  no  attention  to  shoals  or  ripples 
'which  have  naturally  1  foot  depth,  and  are  otherwise  clear  of  obstructions.  It  is  not 
possible,  I  believe,  to  maintain  in  extreme  low-water  a  depth  of  over  1  foot  by  any 
system  of  wing-dams  in  this  river  which  will  leave  open  a  space  wide  enough  for  the 
passage  of  tow-boats  with  three  barges  abreast.  A  boat  and  three  barges,  one  ahead 
and  one  on  each  side,  make  a  safe  Allegheny  River  lleet. 

Work  on  the  improvement  of  the  Allegheny  was  undertaken  for  the  first  time  during 
the  past  season,  $10,000  having  been  a piiropriatod  for  that  purpose.  With  this  sum 
two  wing-dams  were  constructed  and  the  channel  was  tolerably  well  cleared  of  rocks 
(several  thousand  having  been  removed)  for  30  miles  above  Pittsburgh.  To  extend 
the  work  already  begun  up  to  Warren  would  cost  as  follows : 

First  diiHition. — Pittsburgh  to  Brady's  Bcndj  69  miles. — The  improvement  to  Brady's 
Bend  would  enable  oil  boats  to  load  with  oil  from  the  Butlef  or  lower  oil  regions 
and  would  bo  of  the  firat  importance  t-o  the  limestone  trade.  It  would  also  enable 
rafts  from  the  Kiskiminetas,  the  Ked  Bank,  and  the  Mahoning  rivers  to  descend  with 
safety  at  the  lowest  stage  in  which  they  can  float.  For  this  (Tivision  I  would  estimate 
as  follows  : 

To  finish  the  two  dams  built  in  1879 $4,000 

12  dams,  costing  |3,500  each 4*2,000 

For  the  removal  of  rocks,  &c 7, 000 

Total 53,000 

Second  dirision — Brady^s  Bend  to  Oil  City^  HI  miles. — This  division  would  ext-end  to 
the  heart  of  the  middle  oil  fields,  and  be  of  benefit  to  the  populous  towns  of  Parker 
City,  Emlenton,  Franklin,  and  Oil  City.  It  would  also  develop  a  large  coal  trade^ 
and  enlarge  the  stave  and  lumber  buai^ness  from  the  Clarion  River,  French  Creek,  Ac. 
This  division  would  require — 

10  dams,  costing  $2,500  each $25,000 

Bemoval  of  rocks,  &c .' 3,000 

Total 28,000 

Hiird  dirision — Oil  City  to  Warren^  58  miles. — ^The  improvement  of  this  division  would 
be  of  great  benefit  to  the  lumbermen,  and  an  advantage  to  the  thriving  towns  of  Tio- 
nesta,  IHdioute,  and  Warren.  It  would  no  doubt  be  the  means  of  developing  an  ex- 
tensive trade  in  hemlock  bark. 

For  this  division  I  would  estimate  as  follows : 

19  wing-dams,  at  $1,500 $28,500 

For  the  removal  of  rocks,  &c 2, 000 

Total 30,500 

The  total  for  the  improvement  of  188  miles  of  river,  allowing  10  per  cent,  for  engi- 
neering and  contingencies,  and  including  $10,000  already  expended,  amounts  to 
$133,6M),  which  makes  an  average  of  less  than  $700  per  mile. 

GENERAX  DESCRIPTION.  OF  THE  ALLEGHENY    RIVER    BETWEEN  GLEAN,  NEW  YORK, 

AND  FRANKLIN,   PENNSYLVANIA.,    132  MILES. 

The  survey  was  begun  at  the  mouth  of  Olean  Creek,  August  22, 1879.  Olean  Creek 
enters  the  Allegheny  Kiver  from  the  right  at  the  town  of  Olean,  Cattaraugus  County 
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New  York.  Below  the  junction  of  the  streams  there  is  a  detached  bar  on  the  rigki, 
from  the  head  of  which  to  the  upper  end  of  Hoop's  Island,  500  feet,  the  chaoDelii 
narrow  and  crooked,  but  has  a  depth  of  1.1  feet  in  low-wat**r.  The  channel  pascri 
down  to  the  right  of  Hoop's  Island.  Thei*e  is  no  trouble  at  this  i>oint,  the  rippfe 
being  scarcely  appreciable.  About  1,500  feet  below  the  starting-point,  the  AUegbeay 
is  crossed  by  an  open  highway  bridge.  It  is  a  through  iron  truss  240  feet  locji. 
divided  into  3  spans  of  80  feet  each,  elevated  in  the  clear  I(>.5  feet  above  low-wafer 
surface.  The  rafting  channel  is  under  the  middle  span.  The  high-water  of  luiTSrot: 
15.8  feet  above  low- water  mark,  or  to  within  a  few  inches  of  the  bottom  chord*  <^ 
this  bridge.  Thence  the  channel  continnes  in  mid-river,  with  a  depth  of  over^frft, 
to  Parker's  Dam. 

Parker's  Daniy  1.11  miles  below  Olean. — This  is  the  remnant  of  an  old  mdlHlam.  (h 
the  left,  a  portion  of  the  crib-work  remains  standing  2  feet  above  low-water.  Tbe 
channel  past  this  obstruction  is  150  feet  wide  and  2^  feet  deep  in  low-water.  Tk 
descent  in  a  distance  of  300  feet  is  1.42  feet.  For  the  present  no  work  seems  to  be 
necessary  at  this  point. 

Warren  and  Bradford  Narrow- Gauge  Jiailroad  Bridge,  1.33  i»t7«9  beUnc  Olean. — Thisii 
a  wooden  Howe  truss  through  bridge.  The  abutments  and  piers  are  timber  restioz 
on  piles  driven  into  the  soft  gt*avel,  which  for  many  miles  beio^w  01e«n  forms  the  bed 
of  the  Allegheny.  This  bridge  has  3  spans  of  100  feet  in  length  each  ;  height  in  clear 
above  low-water,  20  feet.  The  channel-way  passes  under  the  central  span.  Theore 
the  river  is  clear  of  obstructions  and  easy  to  navigate  to  Allegheny  Station. 

Allegheny  Station^  4.43  milts  helow  Olean, — This  is  a  station  on  the  £ne  Railroad,  oi 
'  the  right  bank  of  the  river.  The  river  is  here  crossed  by  a  highway  bridge  of  fov 
spans,  each  100  feet  in  length.  One  of  the  shore  spans  is  built  of  wood,  but  the  other 
tnree  are  iron  bow- string  girders.  The  bridge  is  19.4  feet  in  the  clear  above  the  low- 
water  surface.  The  channel  under  either  of  the  central  spans  is  taken  by  the  r&fb- 
men.  Thence,  after  passing  three  ripples,  with  a  least  depth  of  7  inches  and  a 
scarcely  appreciable  fall  (see  tables  of  ripples),  the  channel  remains  good  to  VaDdalia 
Station. 

Vandalia  Station^  on  the  right  bank,  10.4  miles  below  Olean, — The  st^ition  is  aboat 
half  a  mile  distant  from  the  river,  across  a  low,  flat  bottom.  A.  bridge  crosses  the  rirer 
at  this  ])oiut.  It  is  a  cheap  wooden  highway  bridge  of  Queen  trusses,  with  three  spans, 
as  follows:  right  shore  span  60  feet,  middle  150  leet,  left  shore  80  feet.  The  middle 
span  has  fallen  down,  and  as  the  channel  passes  through  this  opening  the  bridge,  m 
far  as  height  is  concerned,  is  no  obstruction.  As  originally  built,  it-s  height  in  the 
clear  was  15.2  feet  above  low- water  surface.  The  missing  span  was  doubtless  carried 
out  by  a  flood.     The  channel  remains  good  to  an  island  0.8  mile  below  the  bridge. 

Island^  11.1  miles  below  Olean. — This  is  the  first  island  below  Olean.  It  is  wO  feet 
long,  but  as  it  is  entirely  covered  at  a  4-foot  stage  it  scarcely  deserves  the  name.  The 
channel  passes  down  the  right-hand  chute  and  hivs  a  depth  of  1.8  feet.  Length  of 
ripple,  1,300  feet;  fall,  2.06  feet.  This  is  the  first  considerable  ripple.  The  bottom 
throughout  is  tine  gravel,  no  rocks,  either  solid  or  detached,  having  yet  been  notiwd 
in  the  river  bed.  The  channel  thence  remains  good,  with  no  important  ripples,  to  the 
bridge  of  the  Bradford  Branch  of  the  Erie  Railroad. 

Bradford  Branch-  Railroad  Bridge,  14.7  miles  below  Ole/in. — ^This  is  an  uncovered  throufi 
bridge  of  wooden  Howe  trusses,  and  it  crosses  the  river  with  one  span  of  185  fet?t. 
The  abutments  have  been  extended  50  feet  out  into  the  river  on  each  side,  narrowinf 
the  natural  width  100  feet.  As  its  lower  chords  are  only  14.4  feet  above  low-wat«r 
surface,  the  bridge  will  probably  be  carried  away  by  the  first  high  freshet.  It  has 
been  built  since  the  sudden  development  of  petroleum  in  the  Brailford  oil  region,  and 
it  is  questionable  whether  it  will  last  as  long  as  the  excitement  in  that  district. 

Tuna  Creek,  15  miUs  below  Olean. — This  is  a  considerable  tributary  entering  from  tb* 
south  or  left  hand.  It  heads  in  McKean  County,  Pennsylvania,  and  passes  throuri 
the  Bradford  oil  country.  A  large  number  of  rafts  come  down  this  stream  in  hiip- 
water  from  Bradford,  which  is  12  miles  up.  Immediately  below  its  mouth  the  Alle- 
gheny is  crossed  by  a  bridge. 

Tana  Creek  Bridge,  15.1  miles  below  Olean. — This  is  an  uncovered  highway  bridge  af 
wooden  Queen  trusses,  with  a  total  length  of  320  feet.  It  has  two  channel-spans,  eacft 
of  104  feet,  and  two  shore-spans,  the  right  one  being  72  feet  and  the  left  one  40  feet 
The  elevation  in  the  clear  above  the  low-water  surface  is  26  feet. 

Bridge  18  miles  below  Olean. — A  ponton  bridge  crosses  the  river  at  the  18th  mile.  Its 
length  is  230  feet.     It  is  arranged  so  as  to  be  swung  open  in  the  rafting  season. 

tipper  Horseshoe  Bend  Ripple,  19.5  miles  below  Olmn, — ^This  is  the  first  point  belo* 
Olean  at  which  raftsmen  have  serious  trouble.  A  small  gravel-bar  divides  the  duui- 
nel.  On  the  right  the  least  depth  is  1.8  feet,  but  the  channel  is  only  60  foet  wide,  Oa 
the  left  the  channel  is  150  feet  wide,  with  a  depth  of  1.2  feet.  The  fall,  in  a  distant* 
of  850  feet,  is  1.62  feet.  A  wing-dam  150  feet  long,  closing  the  right  chute,  wonU 
probably  be  the  means  of  washing  out  an  easier  channel  for  the  raflamen. 

Bemis  Boom,  20.7  miles  from  Olean, — ^This  boom  is  constmoted  of  piles  driTon  at  ia- 
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ten'als  of  a  few  feet.  It  extends  from  the  left  shore  diagonally  ^cross  the  river.  At 
a  point  750  feet  below  its  head  the  channel  is  reduced  by  it  to  a  width  of  150  feet. 
The  entire  length  of  the  boom  is  2,100  feet,  terminating  opposite  the  large  saw-niill  of 
Mr  J.  M.  Bemis.  Immediately  below  the  saw-mill  the  river  is  crossed  by  a  ponton 
bridge  300  feet  long. 

Tvna  Lumber  Company  Boom^  21.7  miles  beloio  Olean, — ^This  boom  starts  from  the  right 
bank  and  extends  diagonally  towards  the  left.  At  a  distance  of  600  feet  from  its  head, 
near  the  left  shore,  a  channel  100  feet  wide  is  left  open.  The  boom  continues  along 
the  left  shore  below  the  opening  a  further  distance  of  3,700  feet.  The  channel  is  on 
the  outside  of  the  boom  and  close  to  jt  for  some  distance,  until  it  leaves  the  boom  to 
take  down  the  right  chute  of  Lewis  Island. 

Letcis  Island,  22.3  miles  below  Olean.— Gveat  Valley  Creek  enters  from  the  right  2,000 
feet  above  the  head  of  the  island.  Some  years  ago  the  Tuna  Lumber  Company  closed 
the  right-hand  chute  of  the  island  (the  present  channel)  with  a  low  dam,  the  inten- 
tion being  to  aid  their  wat«r-power.  The  old  channel  was  down  the  left-hand  chute, 
but  this  chute  was  afterwards  closed  by  a  mill-dam  built  entirely  across  it  2,800  feet 
below.  That  side  has  now  become  so  filled  with  obstructions  that  it  is  no  longer  nav- 
igable. There  is  a  fall  of  9  inches  at  the  dam  across  the  right-hand  channel.  The 
removal  of  this  dam  would  benefit  the  shoals  below.  The  average  width  of  the  chan- 
nel-chute is  250  feet. 

iSalamanca  Bridge^  23.2  miles  beloio  Olean. — This  is  a  highway  bridge  that  crosses  the 
river  600  feet  below  the  foot  of  Lewis  Island.  It  stands  in  shallow  water  in  a  ripple, 
which  in  a  length  of  1,200  feet  falls  3.32  feet,  and  has  a  least  depth  of  11  inches.  It 
is  the  most  decided  fall  so  far  observed  on  the  river  below  Olean.  The  bridge  is 
<li\ided  into  five  spans,  the  three  in  the  center  being  of  iron,  and  each  85  feet  long. 
The  right-shore  span  is  100  feet  and  the  left-shore  span  50  feet  long,  both  through 
wooden  trusses.  The  entire  length  of  the  bridge  is  405  feet.  It  has  stone  piers  rest- 
ing on  piles.  The  best  channel  passes  under  the  central  span.  Height  in  the  clear 
above  low-wateij  surface,  19.2  feet.  Salamanca,  on  the  right  bank,  is  a  large  and 
thriWng  town,  and  is  an  imjiortant  railroad  center.  On  the  left  bank,  opposite  the 
lower  end  of  the  town,  is  the  Tuna  Lumber  Company  saw  and  planing  mill.  It  has  a 
daily  capacity  of  25,000  feet,  board  measure,  of  lumber.  ' 

Little  Valley  Creek  Island,  24.9  miles  below  Olean. — At  the  mouth  of  the  creek,  which 
enters  from  the  right  below  the  head  of  the  island,  a  bar  of  fine  gravel  has  made  out 
into  the  river,  by  which  the  channel  is  narrowed  to  a  width  of  80  feet,  forming  a 
strong  ripple  with  a  depth  of  1.3  feet.  Passing  this  island,  in  a  distance  of  2,400  feet 
the  nver  falls  3.71  feet.  A  wing-dam  200  feet  long,  closing  the  left  chute  of  the 
island,  would  eifect  a  decided  improvement  to  the  navigation.  About  the  middle  of 
the  i8land  a  wagon-bridge  of  iron  bow-string  girders  crosses  the  river.  Over  the 
right  chute  it  has  two  spans  of  100  feet  and  one  span  of  118  feet ;  over  the  left  chute 
it  nas  one  span  of  100  feet.  The  intermediate  section  on  the  island  (225  feet  long)  is 
supported  on  piles.  Total  length  of  bridge,  643  feet ;  height  in  the  clear  above  low- 
water  surface,  20  feet.  Immooiately  below  Little  Valley  Creek  Island  another  island 
occurs.  The  channel,  in  passsng  abruptly  to  the  left  chute  of  this  island,  is  reduced 
to  a  width  between  the  islands  of  200  feet.  Very  little  water  passes  to  the  right  of 
the  second  island  at  the  present  low  stage.     No  particular  trouble  here.  ' 

Bucktooth  Island,  25.7  miles  below  Olean. — The  length  of  this  island  (which  is  culti- 
vated) is  4,000  feet.  The  channel  is  to  the  right,  with  a  general  width  of  250  feet. 
Near  its  foot  Bucktooth  Run  enters  the  river  from  the  right,  and  has  pushed  out  a  bar, 
making  a  shoal  ripple,  the  least  depth  being  9  inches.  There  are  3  ripples  in  the 
chute  of  this  island,  with  a  total  descent  of  5.29  feet.  From  the  foot  of  tne  island  to 
Jamison's  Falls  the  depth  is  good. 

Jamison^s  Falls,  27.5  miles  below  Olean. — Length  of  ripple,  150  feet ;  fall,  1.81  feet ; 
least  depth,  9  inches.     Bottom  composed  of  small  bowlders. 

Jamison^s  Island,  28.4  miles  below  Olean. — Island  600  feet  long  and  200  feet  wide. 
Channel  down  the  right.  The  chute  is  shoal  throughout.  In  a  distance  of  200  feet 
the  river  falls  2.74  feet,  with  a  least  depth  of  9  inches.  There  are  some  loose  rocks  in 
the  channel,  which  could  be  removed  to  advantage.  A  wing-dam  200  feet  long,  clos- 
ing the  left  chute,  would  add  considerable  water  to  the  channel.  On  the  right  shore 
there  are  a  number  of  rocks,  varying  in  size  from  ^  to  2  cubic  yards.  These  are  the 
first  rocks  appearing  along  the  river  below  Olean,  and  are  indicative  of  a  change  in 
the  characteristics  of  the  stream.  Thence  to  Sunfish  Island  the  channel  remains  in 
mid-river.     No  trouble. 

Sunjish  Island,  30  miles  below  Olean: — This  island  was  once  cultivated,  but  has  been 
HO  much  eroded  by  the  river  that  at  present  it  is  a  mere  gravel  bar,  covered  at  a  3^- 
foot  stage.  It  is  800  feet  long  and  300  feet  wide.  The  channel  is  on  the  left  200  feet 
wide.  A  narrow  chute,  only  50  feet  wide,  takes  around  the  right.  The  entire  len^h 
of  the  ripple  is  1,050  feet,  with  a  fall  of  3.03  feet,  and  a  least  depth  of  1  foot.  No  im- 
provement appeai*s  to  be  necessary.  On  the  right  shore,  600  feet  below  the  Idand, 
there  is  a  large  crescent-shaped  gravel  bar,  1,200  feet  long  and  250  feet  wide,  covered 
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long,  closing  that  side,  would  deepen  the  channel.    The  bottom  herels  composed 
fine  gravel. 

Red  House  Creek,  nearly  dr^^  at  this  season,  enters  fix>m  the  left  400  feet  below 
island.    Thence  for  2,000  feet  the  depth  is  good  to  Red  House  Island. 

Jied  House  Island,  32.5  miles  helow  Olean. — ^The  length  of  this  island  is  1,600  feet,  s 
its  width  is  200  feet.  It  is  covered  with  timber.  The  channel  passes  dowu  the 
chute.  A  rapid  from  near  the  head  of  the  island  extends  600  feet,  falling  2.49  £ 
with  a  least  depth  of  11  inches.  The  right  chute  carries  a  strong  stream  50  feet  "^ 
even  at  this  low  stage,  which  might  be  turned  into  the  channel  by  closing  that « 
with  a  low  dam  400  feet  long.  1^  rom  the  foot  of  this  island  to  Robinson's  Islam 
distance  of  4,000  feet,  the  channel  is  easy. 

Robinson^ %  Island.  33.8  miles  helow  Olean. — Length  of  island,  1,900  feet;  greai 
width,  225  feet.  The  channel  passes  down  the  left.  A  gentle  ripple,  with  a  deptl 
1.5  feet,  occurs  at  the  head  of  the  island.  It  is  not  troublesome.  There  is  anol 
ripple  near  the  foot  of  the  island,  known  as  ^^  Josh  Billings'  Ripple."  In  a  lengtl 
400  feet  there  is  a  faU  of  1.40  feet,  with  a  depth  of  2  feet.  No  improyement  seem 
be  re(]^uired.  From  the  head  of  Josh  Billings'  Ripple  a  low  bar  begins  to  appear  on 
left  ot  the  .channel.  It  is  1,300  feet  long  and  200  feet  wide  at  its  widest  part.  A  h 
water  escapes  to  the  left  of  it,  and  the  whole  is  covered  by  a  rise  of  6  inches.  At 
foot  of  this  bar  there  is  a  wide-spread  shoal  and  ripple  600  feet  long,  falling  2,38  f 
with  a  least  depth  of  1.5  feet.    No  special  difficulty  in  the  navigation. 

Island,  35.9  miles  helow  Olean. — Length  of  this  island,  2,400  feet ;  greatest  width, 
feet.  The  channel  is  down  the  right  chute.  The  bar  from  the  head  of  the  island  i 
another  from  the  right  shore  contract  the  channel  to  a  width  of  125  feet.  Ther 
also  a  short,  strong  ripple,  the  river  falling  1.02  feet  in  a  distance  of  150  feet.  1a 
depth  on  ripple,  11  inches.  Only  a  trifling  quantity  of  water  passes  to  the  left  of 
island. 

Quaker  Bridge  Island,  36.5  miles  helow  Olean. — Length,  1,400  feet ;  greatest  width, 
feet.  The  deepest  channel  passes  down  the  right  chute.  Below  the  head  of  the  isl; 
a  ripple  occurs  measuring  600  feet  in  length,  with  a  fall  of  1.43  feet  and  a  least  df 
of  11  inches.  Above  the  bead  of  the  island  the  remains  of  5  piers^  ]>ossi^ly  remain 
a  bridge,  obstruct  the  channel.  These  should  be  removed  in  case  a  gener^  systes 
improvements  is  undertaken  on  this  portion  of  the  river.  The  island  divides  the ' 
ume  of  the  water  about  equally,  so  that  the  construction  of  a  wing-dam  olosing  eil 
side  would  undoubtedly  improve  the  depth  in  the  chute  left  open. 

Quaker  Bridge,  36.8  miles  helow  Olean. — The  bridge  crosses  the  river  above  the  i 
of  the  island  above  mentioned.    It  is  a  wooden  Queen  truss,  resting  on  wooden  ] 
piers.    The  entire  length  is  300  feet,  divided  into  4  spans,  averaging  75  feet  each, 
clear  height  above  low-water  is  17.5  feet.    One  pier  stands  on  the  island. 

Hotchkiss  Island,  37  miles  helow  Olean. — This  is  a  cultivated  island  4,500  feet  long, : 
with  a  maximum  width  of  425  feet.  From  above  its  head  a  small  island  on  the  ri 
laps  with  it  a  short  distance.  The  channel  is  between  these  two  islands,  and  c 
tinues  down  the  main  or  right  chute  of  Hotchkiss  Island.  There  are  three  ripple 
this  chute.  The  first,  at  the  head  of  the  island,  is  850  feet  long  and  falls  1.55  feet,  ^ 
a  depth  of  1.5  feet.  The  second  ripple,  near  the  middle  of  the  chute,  is  1,000  feet  lo 
with  a  descent  of  210  feet,  and  a  least  denth  of  1  foot.    The  third  rinnle  is  b*»tw 
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river  with  a  narrow  chnte  between  them.  Either  shore-channel  can  be  navigated 
past  this  obstruction^  though  neither  has  a  depth  of  over  10  inches.  The  entire  fall 
of  the  river  here  is  3.37  feet  in  a  distance  of  800  feet.  Suggestions  for  improvement 
are  deferred  for  thejpresent. 

Holiday's  Island,  39.9mt/e«  helow  OUan, — Length.  2,000  feet :  ^atest  width,  300  feet. 
The  channel  is  down  the  left  side.  At  the  foot  of  the  island  there  is  a  strong  ripple, 
falling  2.84  feet  in  a  distance  of  300  feet.    Least  depth,  10  inches. 

Purse  Bun  Bar,  41.3  miles  below  0/«aii.— This  bar  is  situated  in  mid-river.  It  is  900 
feet  long  and  275  feet  wide,  and  is  covered  at  a  2^foot  stace.  Nearly  all  the  water 
now  passes  to  the  right,  but  at  one  place  the  wat-er  sui&ce  is  only  80  feet  wide ; 
length  of  ripple,  550  feet;  descent,  1.83  feet;  least  depth,  1.1  feet.  No  improvement 
is  suggested. 

Limestone  Falls,  41.6  miles  below  Olean. — The  river  here  falls  over  a  solid  ledge  of 
limestone.  At  this  stage  the  water  surface  is  200  feet  wide.  The  entire  length  of  the 
rapid  is  650  feet,  descending  3.84  feet,  with  a  least  depth  of  1  foot.  Fragments  of  the 
ledge,  averaging  half  cubic  yard  in  size,  render  this  place  hazardous  for  rafts  during 
the  lower  rafting  stages.    The  removal  of  these  rocks  would  be  advisable. 

The  channel  over  the  falls  is  near  the  left  shore.  At  this  point  on  the  right,  an 
island  2,900  feet  long  begins.  No  water  passes  behind  it  excepting  at  high  stages. 
The  island  belongs  to  the  heirs  of  Complanter,  a  celebrated  Indian  chief  of  the  Six 
Nations.  At  the  foot  of  the  island  (42.2  miles)  a  low,  flat  bar,  covered  at  a  2-foot  stage, 
extends  out  250  feet  into  the  river  firom  the  left  and  continues  for  a  distance  of  1,S)0 
feet.  This  bar  throws  the  channel  close  to  the  foot  of  the  island,  whence  it  continues 
along  the  right  shore  below.  Length  of  ripple  at  this  point,  400  feet;  fall,  1.49  feet; 
depth,  1.2  feet ;  width  of  channel,  150  feet.  RWPF 

Zeiyler  Bar,  42.7  miles  beloto  Olean, — This  bar  extends  out  from  the  right  shore  175- 
feet  and  is  900  feet  long.  Length  of  ripple,  400  feet;  fall,  1.49  feet;  least  depth,  1 
foot.     Channel  near  left  shore.     No  trouble. 

Bucktooth  Island,  No,  2,  43  miles  below  Olean. — Island  700  feet  long,  150  feet  wide 
The  best  channel  passes  down  the  left  chute.  The  water  is  about  equally  divided  by 
the  island.  The  least  depth  found  was  only  6  inches.  A  wnng-dam  300*  feet  long,  to 
close  the  right  chute,  would  be  advisable.  The  ripple  is  300  feet  long,  with  a  fall  of 
1.32  feet. 

Saw  Mill  Island^  43.4  miles  below  Olean, — ^This  island  is  800  feet  long  and  175  feet 
i^ide.  The  channel  passes  to  its  left-,  but  at  one  point  it.  is  contracted  to  a  width  of 
oi^ly  50  feet  by  a  gravel  bar  from  the  left.  The  bar  is  covered  at  a  2^foot  stage.  The 
least  depth  in  the  channel  is  11  inches,  but  this  might  be  increased  by  closing  the 
right  chnte  of  the  island  and  the  left  chute  of  the  bar.  The  ripple  falls  2.97  feet  in 
the  space  of  600.  A  short  distance  below  this  island  there  is  another  ripple,  falling 
1  foot  in  300,  with  a  depth  of  1  foot.  As  the  water  is  united  and  the  channel  in  mid- 
river,  no  improvement  is  suggested. 

Little  Island,  44.3  tniZe«  belotv  Olean, — Length  of  island  proper,  400  feet ;  width,  80 feet. 
The  channel  passes  close  to  the  left  shore  and  is  straight*  The  right  chute  of  the 
island  is  500  feet  wide,  but  it  is  obstructed  by  a  high  bar,  almost  an  island,  between 
which  and  the  island  considerable  water  wastes  in  a  swift  narrow  passage. 

Immediately  below  the  island  an  extensive  low  flat  bar  pushes  out  nom.  the  right 
shore  to  the  mid-river  line,  but  does  not  interfere  with  the  low- water  channel.  Tho 
length  of  ripple  in  the  channel  chute  of  Little  Island  is  875  feet^  with  a  fall  of  2.22 
feet,  and  a  least  depth  of  1  foot.  The  bottom  is  composed  of  line  gravel.  It  may 
eventually  prove  advisable  to  close  this  right  chute  of  the  island.  A  dam  500  feet 
long  will  be  required. 

New  York  and  Pennsylvania  State  line,  45.1  miles  below  Olean. — ^At  this  point  there  is  a 
shore  bar  extending  out  from  the  left  bank  to  mid-river.  There  is  a  gentle  ripple 
abreast  of  the  bar,  which  has  a  length  of  400  feet,  a  fall  of  0.61  foot,  and  a  depth  of  1 
foot.  It  terminates  600  feet  north  of  the  line.  The  State  line  is  the  southern  ter- 
minus uf  the  Seneca  Indian  Reservation,  which  extends  up  40  miles,  with  a  width  on 
each  side  of  the  river  of  one-half  mile.  Considerable  tracts  of  this  land  have  been 
leased  to  the  whites.  For  the  most  part  the  land  is  a  wide,  fertile  bottom ;  but  the 
Indians  prove  to  be  indifl*erent  farmers,  the  young  men  preterring  the  excitement  of 
rafting  to  regular  labor.  These  aborigines  are  remnants  of  the  Senecas  and  Onanda- 
gas,  of  the  Six  Nations.  But  few  if  any  of  the  pure-blooded  original  stock  can  be 
lonnd  among  them.    Thej"  number  in  all  about  500. 

Corydon  Dam,  46.2  mt7e«  below  Olean. — This  artificial  work  is  at  present  a  complete  ob- 
Htruction  to  navigation,  excepting  at  high  stages  in  the  river.  Practically  the  dam  is  the 
head  of  navigation.  It  is  made  of  timber  cribs  filled  with  stone  and  sheeted  with 
plank.  Its  length  is  280  feet  and  it  entirely  closes  the  river.  The  fall  is  3.54  feet. 
On  the  left  two  mill-races  conduct  to  the  saw-mills  of  Charles  &  Co.  and  Morrison  &, 
Co.,  each  of  which  has  a  daily  capacity  of  20,000  feet,  board  measure.  On  the  right, 
below  the  dam,  is  a  saw-mill,  the  property  of  Mr.  J.  Dalrymple,  with  a  capacity  equal 
to  the  others.     Immcfdiately  below  the  dam  there  are  two  rough  stony  bars,  which  are 


>^l 


'i 


~.  - 


I 


I 


*    i 


I 


i 


ibelow  the  foot  of  Wooilbeck's  Bar.     It  ia  4,000  feet  lou^.     The  msiiii  Uxiy  of  th< 
hero  passes  Ijt^tween  two  islaudB,  the  one  on  the  right   being  3,CKK»  feet  lon|:. 
pie  o<'cur8  between  the  ishiuds  (at  the  47.6^  mile),  whose  leucth  i»  300  fet't ;  fa 
feet ;  and  depth,  1  foot.     Tlie  bottom  of  tliis  ripple  is  composed  of  Ijowhlen*  larg< 
heretofore  observed.     At  a  distance  of  900  feet  below   tliere  is  another 
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located  opposite  the  foot  of  the  right-hand  island.     Here  also  the  bottom  is  coi 
of  bowlders.     Length  of  ripple,  150  feet;  descent,  0.57  foot;  depth,  11  iuche». 

CorupJanier  Falls  and  Island^  48.6  miles  helmc  Oleun. — Leugth  of  tliis  island,  :i,4l 
At  its  widest  part  it  measureo  400  feet,  exclnsive  of  its  beaches.  The  channel  is 
left,  and  is  of  ample  bn*adth  excepting  at  the  ''falls"  or  tii"st  ripple,  situated  Just 
the  head  of  the  island.  Here  a  low  bar  from  the  left,  covered  at  rafting  st^^ 
tines  the  current  to  a  width  of  140  feet.  The  bottom  of  the  ** falls"  is  conipoHi 
cemented  gravel.  Length  of  ripple,  2tX)  feet ;  descent,  1.97  feet ;  depth,  1.4  feet 
chute  is  rather  shoal  throughout,  and  has  a  succession  of  ripples,  which  aggrej 
length  1,600  feet,  with  a  total  fall  of  6.23  feet,  and  a  least  depth  of  1  foot.  (Se. 
of  ripples  for  details.)  No  improvement  suggested.  At  the  fiftieth  mile  from 
opposite  the  mouth  of  Complantcr  Cn»ek,  which  enters  from  the  right,  a  grai 
divides  the  channel  about  equally,  and  gives  a  depth  of  11  inches  on  either  side 
a  scarcely  appreciable  ripple. 

Coniplanier  Island  Xo,  2,  50.4  miles  below  Glean. — This  island  is  about  H  ^ 
length  and  700  feet  across  at  the  widest  point.    The  channel  is  to  the  right, 
left  chute  of  the  island  is  clcsad  near  its  foot  with  a  dam,  furnishing  power  to 
mill.    The  owners  at  one  time  attempted  to  close  the  right  or  channel  chute  by 
of  a  wing  dam,     A  piece  of  this  dam,  100  feet  long,  projecting?  into  the  channe 
the  head  of  the  island,  should  be  removed.     About  2,500  feet  below  the  head 
island  an  ice  gorge  in  1865  was  the  means  of  cutting  the  island  in  two.     Throu^ 
«lough.  which  is  about  100  feet  wide,  considerable  water  wastes  from  the  ch 
There  are  7  ripples  in  all  in  the  channel  chute  of  this  island,  aggregating  in  1 
1,850  feet,  with  a  descent  of  9.42  feet.    The  worst  one,  known  as  ^'Gilman's  B 
just  below  the  cut-off.     Here  the  channel  is  very  much  contracted,  passing  be 
41  central  bar  and  the  island.     Length  of  ripple,  500  feet ;  fall,  3.03  feet ;  least  < 
11  inches.     The«e  shoals  would  be  much  improved  if  the  left  chnte  of  the  islaii 
the  slough  referred  to  were  closed  by  means  of  wing-dams. 

Billyhs  Ilipplef  52.3  miles  below  Glean, — There  are  here  two  small  detached  j 
bars  on  the  left  of  the  channel,  and  an  extensive  shore  bar  on  the  right.  No  tr 
Hippie  falls  1.80  feet  in  a  distance  of  500  feet. 

Schoonover  Island  and  FallSy  52.6  miles  below  Glean. — This  island  stands  in  mid 
Its  entire  length,  including  bars,  is  1,200  feet,  and  it  is  300  feet  wide.  There 
special  trouble  here.  The  best  channel  is  down  the  right  chute,  in  which  th< 
two  moderate  ripples,  together  measuring  725  feet  in  length,  -i^-ith  a  fall  of  2..' 
4iud  a  least  depth  of  1.4  fw^t. 

Harrison's  Hippie  and  mouth  of  Sugar  Creek,  53.3  miles  below  Olean. — Length  of  i 
4(X)  feet ;  descent,  1.57  feet ;  depth,*  1  foot.     No  trouble  at  this  point.     There  i»  i 
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this  bar  and  nearly  connected  with  it  there  is  a  small  island  600  feet  long,  the  chan- 
nel passing  to  its  left.  From  the  foot  of  this  island  a  bar  known  as  "Kinzna  Bar/' 
900  feet  long  and  190  feet  wide,  occupies  the  right  half  of  the  river.  The  entire  pas- 
sage of  this  island  and  bar  is  shallow.  The  length  of  the  ripple  is  1,450  feet:  its  de- 
scent is  1.40  feet,  and  its  depth  1  foot.  A  few  years  ago  the  channel  was  to  tne  right 
of  the  small  island  and  bar,  but  that  side  is  now  nearfy  closed  at  this  stage. 

Jiipplej  56.5  miles  below  Olean, — Here  two  small  low  detached  bars,  each  300  feet  long, 
and  covered  at  a  stage  a  few  inches  higher,  divide  the  volume  of  the  river  into  three 
parts.  The  channel,  about  100  feet  wide,  is  down  mid-ri  v^er  between  the  bars.  Length 
of  ripple,  375  feet;  descent,  1.21  feet;  depth,  11  inches.  Raftsmen  usually  float  over 
bars  as  low  as  these. 

Afouth  of  Einzua  Creeky  56.6  miles  below  Olean, — This  creek  enters  from  the  left.  It  is 
npward  of  30  miles  long.  At  one  period  its  annual  output  of  pine  timber  amounted 
to  from  10,000,000  to  12,000,000  feet,  board  measure,  but  the  lumber  shipments  from  its 
valley  are  now  comparatively  insigniticant.  The  town  of  Kinzua  is  ^  of  a  mile  back 
from  the  river.  The  flood  of  1865  cut  through  the  neck  between  the  creek  and  the 
river  at  a  point  900  feet  above  the  mouth  of  the  former.  As  there  is  a  crooked,  shal- 
low ripple  in  the  river  below  the  cut-off,  it  would  be  of  advantage  to  close  the  jgap 
with  a  dam  100  feet  long  in  order  to  utilize  the  water  that  wastes  through  it.  The 
remiiins  of  an  old  mill-dam  at  the  head  of  this  ripple  further  tends  to  impede  the  nav- 
igation.    Length  of  ripple,  375  feet;  descent,  1.38  feet ;  depth,  9  inches. 

Lower  down  and  nearly  opposite  the  mouth  of  the  creek  the  channel  passes  with  an 
abrupt  turn  between  a  bar  on  the  right,  covered  at  a  3-foot  stage,  and  the  foot  of  the 
island  on  the  left.  Length  of  ripple,  200  feet;  descent,  1.1  fiet ;  depth,  10  inches. 
This  is  followed  400  feet  below  by  a  gentle  ripple  300  feet  long,  with  a  fall  of  0.6  foot 
and  a  depth  of  10  inches.    Thence  the  channel  remains  fair  to  Bent^s  Run. 

BenVs  Run,  57.8  miles  below  Olean, — ^This  run  enters  from  the  left ;  a  bar  starting  from 

the  right  bank,  1,400  feet  above  the  run,  extends  like  a  tongue  into  the  river  and  passes 

«      diagonally  down  stream  a  total  distance  of  2,600  feet.    From  near  its  head  there  is  a  wide 

** pocket*' between  it  and  the  ri^ht  bank;  the  whole  is  covered  at  a  two-foot  stage. 

~:     The  channel  down  the  left  bank  is  quite  narrow  below  the  mouth  of  Bent's  Run,  being 

K      confined  to  a  space  only  75  feet  wide ;  between  the  foot  of  the  bar  and  the  foot  of  a 

^]     small  island  to  the  left  the  depth  is  11  inches.    No  improvement  suggested  for  the 

L     present. 

±^         Catchall  BaVf  58.5  miles  below  Olean. — At  this  point  two  low  bars  in  mid-river,  covered 

at  a  2-foot  stage,  confine  the  channel  to  a  widtn  of  80  feet,  close  to  the  left  bank.    The 

r      least  depth  is 7  inches ;  length  of  ripple,  200  feet ;  descent,  1.90  feet.     As  some  water 

F> :     escapes  to  the  right,  it  would  be  advisable  to  close  that  side. 

3         Long  or  Goose  Island,  59  miles  below  Olean, — ^Length  of  island,  4,800  feet ;   greatest 

&     breadth,  400  feet.    A  towhead  or  bar  700  feet  long,  lying  above  the  island,  connues  the 

«ji    channel  cl6se  to  the  left  shore,  the  wat-er  surface  being  only  75  feet  wide.    The  ripple 

^p    in  this  narrow  place,  in  a  distance  of  160  feet,  falls  1.41  feet,  with  a  depth  of  18  inclies. 

~;    Continuing  down  the  left,  and  1,800  feet  below  the  head  of  the  island  proper,  a  low 

^     bar  1,200  feet  long,  covered  at  a  li-foot  stage,  almost  entirely  obstructs  the  channel, 

:;     as  it  leaves  a  passage  close  to  the  left  bank  only  50  feet  wide  for  the  entire  volume  of 

:m-     the  river  (no  water  passes  down  to  the  right  of  the  island).    The  least  depth  in  this 

us     canal-like  passage  is  1  foot.    There  are  two  ripples,  the  uppermost  one  having  a  fall 

^     of  0.73  foot  in  60.     The  other  ripple  is  near  the  foot  of  the  i^and  and  is  wider,  having 

a  descent  of  0.32  foot  in  100,  and  a  depth  of  1  foot.    No  improvement  is  for  the  present 

suggested  at  this  island. 

Shipman^s  Island,  60.2  miles  below  Olean. — Length,  1,600  feet;  greatest  breadth,  200 
feet.  The  point  of  a  bar  from  the  head  of  the  island  wliich  lies  to  the  right  somewhat 
confines  the  channel  which  passes  down  the  left  chute.  Here  there  is  a  ripple  100  feet 
long,  with  a  descent  of  0.56  foot,  and  a  least  depth  of  2  feet.  The  island  beach  next 
to  the  channel  is  covered  with  bowlders,  whose  presence  in  the  river  bed  or  along  its 
banks  has  thus  far  been  only  occasionally  observed.     No  trouble  to  the  navigation. 

Buttonwcod  Island,  60.6  miles  below  Olean. — This  island  laps  the  foot  of  Shipnian's 
Island,  and  has  a  length  of  2,000  feet.  Near  it«  middle  it  throws  out  a  sharp-pointed 
bar,  which  extends  beyond  the  line  of  mid-river.  This  causes  a  gentle  ripple,  the 
channel  taking  to  the  right  of  a  small  detached  bar,  just  showing  out  of  the  water  and 
^ving  a  least  depth  of  1.1  feet.    No  trouble. 

Hookas  Islands,  61.6  miles  btlow  Olean. — There  are  three  islands  here,  their  heads 
lying  nearly  abreast  of  each  other.  The  entire  length  of  the  islands  is  2,800  feet,  the 
channel  taking  to  the  right  of  them  all.  A  considerable  quantity  of  water  is  wasted 
down  the  various  chutes,  but  when  reouired  in  the  channel  one  dam  300  feet  long 
will  close  these  leaks.  The  ripple  at  the  head  is  400  feet  long,  with  a  descent  of  1.27 
feet,  and  a  depth  of  9  inches.  The  second  ripple,  about  midway  down  the  chute,  de- 
scends 1.37  feet  in  a  distance  of  250,  with  a  depth  of  2  feet.  A  number  of  rather 
large  bowlders  are  visible  along  the  right  bank  orthe  river.  Below  this  island  a  ropTe 
ferry,  known  as  "  WardwelPs  Ferry,"  is  maintained  to  a  small  village  on  the  left . 
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No  wat^r  passes  to  the  right  of  the  island  at  a  low  stage  ;  but,  fortunately,  theck 
nel  passage  is  wide  enough  to  admit  of  a  cputraction  of  the  current  and  still  les 
room  in  the  middle  for  a  steamboat  or  barge  channel.  A  gentle  ripple  opposite  ' 
foot  of  the  island  has  a  depth  of  1  foot.  Glade  Run  enters  from  the  right,  1,600  i 
below  the  foot  of  the  island.  L.  A.  Robertson's  tannerj'  is  situated  on  the  left  ha 
of  the  run,  at  its  mouth. 

Mile  Island^  65.91  miles  heloic  OZean.— Length,  1,200  feet ;  width,  200  feet,  exclns 
of  bars.  The  bar  above  the  island  extends  upstream  500  feet.  The  rafting  chan 
is  usually  to  the  'left  of  this  island,  on  which  side  the  chute  is  straight ;  but-in  h 
water  the  best  depth  is  found  down  the  right.  The  bar  at  the  head  of  the  island  c 
fines  the  channel  close  to  the  right  shore.  Here  there  is  a  ripple  550  feet  long,  wit 
descent  of  1.85  feet,  aud  a  depth  of  8  inches.  No  difficulty,  except  as  regards  dep 
The  question  concerning  the  sides  of  the  island  to  bo  closed,  in  case  an  incre«fie  in 
depth  is  desired,  may  be  deferred  for  the  present.  In  foiur-fifths  of  a  mile  fiwai 
lower  end  of  Mile  Island  we  come  to  the  mouth  of  Conewango  Creek,  or  "River,*-  a 
is  sometimes  termed.  In  this  distance  the  Allegheny  is  generally  about  500  feet,  wi 
but  quite  shallow,  and  with  a  rocky  bottom.  Two  unimportant  ripples  are  passed, 
which  the  leasfdepth  noted  was  10  inches. 

IVarren  Suspension  Bridge^  Conetcango  Creek^  67.3  miles  below  Olean, — This  handsc 
wire  bridge  crosses  the  river,  with  a  span  of  452  feet,  and  a  height  in  the  clear  aH 
low-water  of  24.4  feet.  Conewango  Creek  enters  from  the  right,  1,300  feet  above 
bridge.  This  is  by  far  the  largest  tributary  the  Allegheny  has  yet  received.  lis  ba 
is  estimated  to  contain  960  square  miles.  Lake  Chautauqua  drains  into  the  Cassada 
a  branch  of  this  stream.  Tne  outlet  of  the  lake  is  30  miles  up  the  Conewango  i 
Cassadaga.  Its  surface  is  elevated  about  119  feet  above  the  waters  of  the  Allegbe 
or  1,294  feet  above  mean  ocean  level. 

The  town  of  Warren  is  chiefly  located  below  the  month  of  the  Conewango  and 
the  right  bank  of  the  river ;  its  population  is  estimated  at  4,000.  It  cont^ains  eleg; 
modera  county  bnildings  and  many  fine  residences  and  handsome  blocks  of  bosii] 
houses,  which  latter  are  located  chiefly  on  the  river  tront  near  the  suspension  brid 
At  one  period  steamers  plied  regularly  to  this  point  in  the  spring  months  from  Pi 
burgh,  188  miles  below.  There  was,  until  quite  recently,  a  very  extensive  trade 
pine  lumber  transacted  from  this  point  by  river,  but  as  the  valley  of  the  Conewai 
has  been  almost  denuded  of  this  species  of  timber,  its  annual  value  is,  in  consequeii 
g^atly  diminished.  Thousands  of  acres  of  hemlock  still  remain,  and  hen»,  as  well 
elsewhere,  I  was  assured  that  if  the  river  were  improved  an  extensive  river  trade 
hemlock  bark  for  tanning  purposes  would  doubtless  spring  up.  Bark  is  a  light,  bo] 
substance,  and,  from  the  difficulty  experienced  in  packing  it  in  cars,  can  only 
made  remunerative  to  the  railroad  companies  at  rates  minons  to  the  consamers. 

Philadelphia  and  Erie  Railroad  Bridge^  67.9  miles  below  Oltem. — Thia  is  a  covei 
through  bridge  of  Howe  trusses,  with  three  spans  of  150  feet  from  center  to  center 
piers.  The  height  in  the  clear  above  low-water  surface  is  18.6  feet.  Eight  hnnA 
feet  below  this  bridge  a  low  shore  bar  from  the  right,  covered  at  a  3-foot  stage,  « 
fines  the  water  for  a  distance  of  2,800  feet  to  the  left  half  of  the  river  bed.  At  the  ft 
a  low  bar  from  the  left,  making  from  the  shore,  covered  at  a  2-foot  stage,  farther  i 
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island  is  situated  in  mid-river.  The  left  chute  is  dry  at  this  stage,  the  channel  being 
dowu  the  right.  Half  way  down  the  chute  the  river  is  confined  by  a  bar  from  the 
island  to  a  width  of  100  feet.  The  rip])le  at  the  head,  as  soon  as  you  enter  the  chute, 
is  770  feet  long,  with  a  descent  of  1.27  feet,  and  a  depth  of  1.9  feet.  A  gentle  ripple  at 
the  foot  of  the  island  falls  0.85  foot  in  200,  with  a  depth  of  1.4  feet.  No  trouble  at 
either  ripple. 

Grass  Flat  Island  and  Bar,  73  miles  below  Glean. — Length  of  island  proper,  1,000  feet  \ 
width,  150  feet.    The  island  is  preceded  by  a  towhead  900  feet  long.    The  chanue 
passes  to  the  right  of  the  towhead  and  island,  but  the  chute  is  shoal  tinroughout,  with 
a  number  of  small  detached  bars  showing  out  of  water  in  various  positions. 

The  entire  chute  m.iy  properly  be  considered  as  one  ripple.  Length,  1,865  feet ; 
descent,  3.85  feet ;  least  depth,  7  inches.  On  account  of  the  bars  and  the  scanty  depth, 
it  would  be  advisable  to  concentrate  all  the  water  in  the  right  chut-e  by  closing  the 
left  one.  Thence  passing  one  unimportant  ripple  at  the  73.67-mile  point,  depth  9 
inches  (the  river  passing  to  the  right  of  a  detached  bar),  we  come  to  a  cluster  of  small 
bars  covered  at  2  feet  depth  (73.82  miles).  Here  the  best  depth  was  found  close  in  to 
the  right  shore  in  a  very  contracted  passage,  not  over  50  feet  wide,  with  a  depth  of 
only  8  inches.  The  fall  in  120  feet  is  1.88  feet.  It  is  possible  a  dam  from  the  left  bank 
carried  to  mid-river,  and  thence  turned  down  a  few  hundred  feet,  would  effectually 
sweep  out  these  bars  and  afford  a  better  depth. 

Fish-Dam  Ripple,  74.62  miles  below  Glean. — A  number  of  scattered  rocks  show  them- 
selves in  mid-river,  as  we  approach  this  ripple.  In  addition,  a  bar  from  the  right 
shore  contracts  the  river  somewhat  at  the  ripple.  The  latter  is  300  feet  long,  falling 
1.41  feet,  with  a  depth  of  2.4  feet.  No  improvement  required  excepting  the  removal 
of  the  rocks. 

BroJcensiraw  Creek j  75  miles  below  Glean. — The  town  of  Irvineton,  the  junction  of 
several  railroads,  is  situated  on  the  right  bank  of  this  creek  ^  mile  above  its  mouth. 
The  Brokenstraw  is  an  important  feeder  of  the  Alleghenv.  It  was  once  a  great  lum- 
bering stream.  Its  drainage  area  is  about  540  square  miles.  Like  French  Creek  and 
the  Conewango,  this  stream  heads  in  the  hl^h  plateau  bordering  Lake  Erie.  These 
three  streams  are  remarkable  for  the  persistency  of  their  discharge  in  seasons  of 
drought.  I  know  of  no  creeks  in  the  Ohio  Valley  so  remarkable  in  this  respect.  Pos- 
sibly the  cool,  elevated  regions  in  which  they  originate  may  be  more  abundantly  sup- 
plied with  perennial  springs  than  any  area  of  equal  extent  below.  The  cooler  tem- 
perature may  also  be  the  cause  of  less  rapid  evaporation  in  the  autumnal  months. 

Brokenstraw  Island  J  75.7  miles  below  Glean. — Length,  1  mile;  greatest  width,  600  feet. 
The  channel  is  to  the  right  of  this  island,  and  is  impe<led  bv  four  ripples.  The  one  at 
the  head  is  the  only  one  with  a  descent  worth  noting,  namely»  2.42  leet  in  525.  It  has 
a  depth  of  9  inches.  The  others  have  about  the  same  de^>th.  (See  table  for  details.) 
Shoulil  it  prove  necessary  to  increase  the  depth  here,  a  wmg-dam  400  feet  long  would 
close  the  left  chute  of  the  island.  Considerable  water  wastes  down  that  side,  and 
either  channel  can  be  taken  at  rafting  stages. 

Dunnes  Island^  77.7  miles  beloto  Glean. — Length  of  island.  1.27  miles;  gieatest  breadth, 
900  feet.  The  channel  is  to  the  right.  The  ripple  at  the  head  of  this  island  falls  2.28 
feet  in  a  distance  of  1,020,  with  a  depth  of  1.9  feet.  No  trouble.  From  below  the 
middle  of  this  island  a  long,  shallow  ripple  extends  to  the  foot  of  it.  Least  depth  op- 
posite the  foot  of  the  island,  7  inches.  Length  of  ripple,  2,900  feet ;  descent,  5.06  feet. 
A  wing-dam  closing  the  left  chute  of  this  island,  300  feet  long,  would  be  a  desirable 
improvement. 

Clark's  Island,  79  miles  below  Glean. — Length,  3,900  feet ;  greatest  breadth,  400  feet. 
The  channel  is  to  the  right.  Seven  hundred  feet  down  the  chute  there  is  a  cluster  of 
six  low  bars  composed  of  fine  gravel,  covered  at  a  l|-foot  stage.  These  bars  confine 
the  channel  close  to  the  right  shore  for  1,000  feet.  No  special  difficulty  in  -passing  them. 
Length  of  ripple  at  this  point,  850  feet;  fall,  1.79  feet;  least  depth,  1  foot.  Thence  to 
the  foot  of  tlie  island  the  channel  is  wide  and  easy,  the  depth  var^nng  from  2  to  3  feet. 

Thompson's  Island,  80.6  miles  below  Glean. — Length,  2,200  feet ;  width,  400  feet.  From 
the  head  of  the  island  a  bar  extends  up-steam  1,000  feet.  The  channel  is  down  the 
right  of  the  island,  but  for  some  distance  it  is  confined  bv  the  head  bar  to  a  width  of 
100  feet,  passing  close  to  the  right  bank.  In  this  chute  tliere  is  a  ripple  850  feet  long, 
with  a  descent  of  1.79  feet,  antf  a  depth  of  2  feet.  Near  the  foot  of  the  island  another 
ripple  occurs  1,150  feet  long,  falling  1.91  feet,  with  a  least  depth  of  10  inches;  thence 
there  is  from  3  to  5  feet  of  water  through  Thompson's  Eddy  to  Farley's  Island. 

Farleifs  Island.  ConklUi's  liun^  82.ri  miles  below  Glean. — There  are  two  islands  here,  with 
a  total  length  or  5,000  feet.  The  head  of  the  second  island  commences  a  few  hundred 
feet  below  the  foot  of  the  uppermost  (outside)  islands.  The  channel  is  to  the  right 
of  both  islands.  The  ripple  on  the  channel  side  begins  above  the  head  of  the  first 
island  and  extends  down  2,100  feet.  Least  depth,  1.2  feet;  descent,  3.10  feet.  Near 
the  foot  of  the  second  island  another  but  gentle  ripple  occurs.  The  channel,  curving 
towards  the  island,  has  a  depth  of  2  feet  while  passing  a  small  detached  bar  on  the 
right,  which  Just  shows  out  of  water.    No  improvement  seems  necessary'. 
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Smithes  Bar,  83.9  miles  helotv  Olean.—The  uppermost  bar  is  1,500  feet  long  aod  SSOkt 
wide.  It  obstnicts  the  entire  right  half  or  the  river  bed,  being  separated  from  tk 
shore  by  a  chute  only  50  feet  wide,  through  which,  however,  considerable  ▼«« 
escapes. "  The  channel  passes  to  its  left.  At  the  foot  of  the  bar  there  is  a  widetpirtfi 
shoal  on  which  there  is  only  6  inches  of  water.  The  river  in  a  manner  falls  over  i 
reef  at  this  point,  having  a  descent  of  1.07  feet  in  50.  Suggestions  for  improvesBoi 
should  be  deferred  until  a  more  care&il  examination  can  be  made. 

Millstone  Island  and  Bar,  84.8  miles  below  Olean, — The  low-wat-er  channel  here  pae» 
between  an  island  on  the  right  (4,900  feet  long,  including  800  feet  of  head  bar)  ludi 
high  bar,  2,100  feet  long,  on  the  left.  For  800  feet  below  the  head  or  entrance  then» 
a  sharp  rapid  in  the  channel,  which  is  only  50  feet  wide.  The  -water  descends  2.^9 fe-t 
in  800,  witlv  a  depth  of  1  foot.  Thence  a  gentle  ripple  continues  a  distance  of  Itw 
feet  to  the  foot  of  the  bar,  having  a  fall  of  1.30  feet  and  a  depth  of  1  foot.  About  0Q^ 
half  the  volume  of  water  takes  the  channel  chute,  the  remaining  half  being  aboc 
equally  divided  l»etween  the  ether  two  chutes.  Dams  fix>in  each  snore  may  he  necrs- 
sary  in  the  future. 

Magee'a  Islandy  85,9  miles  below  Oleun, — ^I'he  island  proper  is  2,400  feet  long  and  '!»> 
feet  wide.  The  channel  is  wide  and  easy  down  the  left  of  this  island  until  we  arriv^r 
opposite  its  foot,  where  there  is  a  ripple  800  feet  long  and  1  foot  deep,  with  a  descefii 
of  1.84  feet.  From  this  point  a  tail-bar  from  the  island,  known  as  (xoose  Neck  Bar, 
2,000  feet  long,  confines  the  channel  close  to  the  left  bank,  where  for  some  distance  ii 
is  only  100  feet  wide.  In  this  chute  there  is  a  ripple  500  feet  long,  having  a  desteoi 
of  1.81  feet  and  a  least  depth  of  1  foot. 

Coursin  Island,  87.8  miles  below  Glean, — Length  of  island,  4,400  feet;  greatest  widii. 
500  feet.  The  channel  is  down  the  left  shore.  At  the  entrance  to  the  chute  there  i> 
a  gentle  ripple  750  feet  long,  with  a  depth  of  1.9  feet.  Lower  down  another  ripple  is 
found,  1,200  feet  long,  with  a  fall  of  2.88  feet  and  a  depth  of  1.8  feet.  There  an  a 
number  of  snags  lodged  in  the  river  bed  below  the  foot  of  the  island.  No  trouble  ii 
this  island  excepting  from  these  snags. 

Tidiouie  Suspension  BridgSy  89.7  mUes  below  Olean, — This  is  a  wire  suspension  biidgr. 
with  two  spans  of  268  feet  each,  elevated  in  the  clear  above  low-water  surface  iSi 
feet.  The  channel  is  under  the  left  span.  The  town  of  Tidioute  is  on  the  right  banL 
The  population  is  estimated  at  2,000.    Oil-pipe  lines  extend  from  TitnsviDe  to  thii 

S>int,  where  the  oil  is  delivered  on  the  cars  of  the  Pittsburgh,  Titusville  and  Bofak 
ailroad.  Railway  tracks  are  continuous  on  the  right  bank  of  the  river  from  Waim 
to  Oil  City  and  Franklin.  (Railroads  follow  either  one  or  the  other,  sometimes  bolb. 
banks  of  the  Allegheny  River  all  the  way  from  Olean  to  Pittsburgh,  255  miles,  exoe^ 
frx>m  Red  House  to  Warren,  a  distance  or  36^^  miles.) 

ndioute  Island,  89.8  miles  beUno  Olean.— heugth,  1,300  feet ;  width,  200  feet.  Belov 
the  bridge  there  are  a  number  of  small  stony  bars.  The  channel  is  to  the  ri^ht  of  tk 
island,  but  is  crooked  and  much  obstnicted,  both  at  the  head  and  at  the  foot,  wi\k 
gravel  limips  and  rocks.  It  is  a  place  calling  for  scraping  or  dredging  in  addition  to 
what  might  be  done  with  low  dams  to  concentrate  the  water.  The  ripple  at  the  htsi 
is  375  feet  long,  with  a  descent  of  1.73  feet  and  a  depth  of  7  inches.  The  ripple  at  thr 
foot  is  400  feet  long,  with  a  descent  of  2.11  feet  and  a  depth  of  1  foot. 

limine  Island,  91.2  miles  behw  0/eait.— Length,  1,400  feet ;  width,  300  feet.  The  chan- 
nel is  to  the  right  and  is  wide  and  easy.  A  gentle  ripple  at  the  head  as  you  enter  die 
chute  has  a  depth  of  1.7  feet.  Below  the  head  of  the  island  two  large  detached  flii 
bars  in  mid-river  (covered  at  a41|-foot  stage)  confine  the  channel  close  in  to  the  ri^ 
bank.  These  bars  extend  down  for  1,400  feet.  Length  of  ripple,  1,000  feet ;  descent. 
2.31  feet ;  least  depth,  1  foot. 

Forterfield  Island,  92  miles  below  Olean, — From  the  head  of  this  island  for  2|  miles  tk 
channel  follows  the  right  bank,  having  on  the  left  a  continuous  series  of  i^ands  and 
bars,  numbering  fifteen  in  all,  which  do  not  need  special  mention.  This  portion  d 
the  river  may  be  described  as  a  series  of  ripples  and  shoals,  with  a  channel  which  » 
occasionally  very  tortuous.  In  8,350  feet  from  the  head  of  Porterfield  Island  there 
is  a  fall  of  5.77  feet,  with  a  least  depth  of  1  foot. 

At  various  points  there  are  rocks  or  large  bowlders  projecting  above  the  surfaee. 
which  could  be  removed  to  advantage.  At  the  mnety-foolth  mile  a  bar  causes  » 
unusual  contraction  of  the  channel.  At  this  point  a  ripple  500  feet  in  length  hae  i 
descent  of  1.58  feet  and  a  depth  of  6  inches.  This  is  the  shoalest  place  in  the  sehei. 
The  river,  in  this  bad  stretch,  admits  of  improvement  by  the  removal  of  rocks  and 
the  closing  of  several  of  the  chutes  with  dams. 

White  Oak  Island,  94.3  miles  below  OJean.— Length  of  island,  3,400  feet;,  width,  5A» 
feet.  The  channel  here  turns  from  the  right  shore  at  an  an^le  of  about  45-  vd 
crosses  to  the  left.  It  passes  close  to  the  head  of  the  island  and  between  it  and  a  de- 
tached bar  to  the  left.  This  place  is  known  as  "  White  Oak  Chut^."  This  fall  is  t^ 
feet  in  distance  of  450  feet,  aud  the  depth  is  6  inches.  The  bar  to  the  left  and  tk 
river  bed  are  composed  of  tine  gravel.  A  dam  300  feet  long,  closing  the  right  chit* 
of  the  island,  wou\d\><b  ^ANVaoXiVe. 
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The  reaidne  of  the  chanuel  down  the  left  of  the  island  is  wide  and  ahundantly 
deep,  varrinff  from  2  to  6  feet. 

Hemlock  l8i4ind,  96  milea  helow  Olean. — ^Three  thousand  five  hundred  feet  long,  500 
feet  wide.  The  channel  is  down  the  left  chute.  The  ripple  at  the  head  has  a  length 
of  945  feet  and  a  descent  of  2.90  feet,  with  a  depth  of  1.3  feet,  and  a  gravel  bottom. 
No  particular  trouble.  At  the  foot  of  the  island  there  is  a  ford  in  a  ripple  350  feet 
lon^,  with  a  descent  of  1.13  feet  and  a  depth  of  1.6  feet.  The  village  of  East  Hickory 
is  situated  on  the  left  bank.  Below  the  island  for  some  distance  the  channel  is  in  mid- 
river,  confined  between  several  bars  on  the  left  (known  as  Fishing  Bars)  and  an  island 
on  the  right,  but  there  is  no  special  difficulty  in  the  navigation.  Fishing  Bar  Ripple 
has  a  descent  of  1.82  feet  in  300,  with  a  depth  of  1  foot. 

EaBt  Hickory  Creek,  97.6  miles  helow  Olean. — This  creek  enters  from  the  left.  The 
channel  here  deflects  suddenly  to  the  right  bank  in  a  ripple  whose  length  is  500  feet ; 
descent,  1.22  feet ;  and  depth,  6  inches.  The  river  in  the  ripple  is  united  in  one  body, 
but  it  is  possible  that  the  depth  might  be  increased  by  scraping  so  as  to  reduce  the 
-width  of  channel.  Thence  the  channel  follows  the  right  shore  a  short  distance  to 
Dorkaway  or  West  Hickory  Bar. 

Wett  Hickmy  Bar,  98.3  miles  helow  Olean, — At  this  i)lace  low  bars  from  each  sho]:e 
gradually  converge  until  the  channel  flows  between  them  in  a  space  only  150  feet 
wide.  The  ripple  is  not  at  all  troublesome,  its  length  being  650  feet,  descent  1.93 
feet,  and  depth  1.5  feet.  The  town  of  West  Hickory,  located  on  the  right  bank,  is 
about  one-half  mile  below  this  ripple. 

Hickory  Town  Island,  99.5  miles  helow  Olean, — Length,  1,500  feet;  greatest  width,  400 
feet.  The  channel  is  down  the  left  and  is  comparativelv  easy.  The  ripple  at  the 
head  is  310  feet  long,  with  a  descent  of  0.95  foot,  and  depth  of  1  foot.  The  ripple  at 
the  foot  is  800  feet  long,  with  a  descent  of  1.81  feet,  and  a  depth  of  1  foot.  A  bar  from 
the  foot  of  the  island,  covered  at  a  4-foot  stage,  taiUi  down  in  mid-river  for  2,000  feet. 

Dawson's  i2tppl«,  100.6  miles  helow  Olean, — At  this  point  the  channel  crosses  from  the 
left  to  the  right  bank,  leaving  a  shore  bar  on  the  left.  The  ripple  has  a  width  of  over 
300  feet,  with  a  descent  of  1.06  feet  in  220,  and  a  depth  of  10  inches.  Not  trouble- 
some, if  we  except  the  lack  of  depth. 

DaU^s  Islands,  101.5  miles  helow  Olean, — Two  islands  in  line  in  mid-river ;  the  lower 
is  separated  from  the  upper  bar  by  a  distance  of  only  100  feet,  which  space  is  occupied 
by  a  dry  bar.  The  united  length  of  the  islands  is  4,800  feet,  and  the  greatest  width  is 
600  feet,  measured  across  the  lower  island.  The  channel  passes  to  the  left  of  these 
islands.  Three  hundred  feet  down  the  chute  a  low  bar  500  feet  long,  covered  at  a  li- 
foot  stage,  confines  th6  channel  to  the  left  bank  in  a  passage  only  80  feet  wide.  The 
ripple  measures  530  feet  in  length  with  a  descent  of  2.35  feet,  and  a  depth  of  11  inches. 
Some  water  escapes  along  the  channel  to  the  right  of  the  bar.  Soft  gravel  bars  like 
this  are  easily  moved  by  the  action  of  ice  gorges.  Two  other  ripples  occur  in  the 
chute  below,  but  they  are  marked  .by  no  special  difficulty  except  that  at  the  first  one 
there  is  a  rock  containing  25  cubic  yards  in  mid-river,  projecting  5  feet  above  low- 
water  surface.  This  rock  is  much  worn  by  the  action  of  ice.  Raftsmen  take  the  ri^ht 
chute  of  this  island,  which  side  should  be  more  specially  examined  before  concluding 
on  any  plan  for  improvement.  Below  this  the  channel  passes  to  the  left  of  a  chain  m 
three  small  islands  known  as  Middletown  islands,  with  no  special  trouble  to  TuVs  Run 
Bar. 

Tuh^s  Bun  BarSf  103.2  miles  helow  Olean, — ^The  channel  is  here  somewhat  confined  be- 
tween a  left-hand  shore  bar  and  a  bar  in  mid-river.  Length  of  ripple,  500  feet ;  de- 
scent, 2.41  feet ;  depth,  7  inches.  This  place  can  be  improved  by  confining  all  the 
water  in  one  body  by  the  construction  of  several  short  wing-dams  closing  the  various 
outlets. 

Hunter's  Island,  103.4  miles  helow  0?f aw.— Length,  900  feet;  width,  200  feet.  The 
channel  passes  down  the  left.  A  bar  1,700  feet  long  extends  down  below  the  foot  of 
the  island.  Near  the  foot  of  the  bar  there  is  a  ripple  700  feet  long,  with  a  descent  of 
1.77  feet,  and  a  depth  of  10  inches.  No  particular  difficulty  here.  Good  water  thence 
to  Tionesta  Bridge. 

Tionesia  Bridge,  104.4  miles  helow  Olean, — This  is  an  iron  bridge  of  bow-string  girders, 
with  three  spans  of  120  feet  each,  and  a  left-shore  span  75  feet  long.  The  total  length 
of  the  bridge  is  435  feet.  It  rests  on  stone  piers  and  abutments.  The  clear  height  of 
the  bridge  above  low-water  is  25^  feet.  Tne  channel  way  is  under  either  of  the  cen- 
tral spans,  and  the  depth  is  4  feet.  The  town  of  Tionesta,  the  county  seat  of  Forest 
County,  Pennsylvania,  with  a  population  of  500,  is  located  on  the  left  bank,  just  above 
the  mouth  of  Tionesta  Creek.  Tionesta  Creek  enters  from  the  left,  or  east,  and  it 
drains  about  220  square  miles.  It  is  still  an  important  lumbering  stream,  the  quantity 
annually  delivered  at  its  mouth  being  20,000,000  feet  board  measure  of  lumber,  200,000 
bundles  of  shingles,  and  160,000  bundles  of  laths.  The  value  of  this  product  is  over 
$400,000. 

Tionesta  group  of  islands,  105  miUs  helow  Olean, — ^There  are  here  eight  islands,  all  to 
the  left  of  the  channel,  which  follows  the  right  bank  past  them  for  nearly  3  miles. 
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Five  of  these  Islands  form  a  chain  in  mid-river,  the  three  remaiDiDg  ones  forming  a 
short  parallel  chain  inside  of  the  others.  The  largest  island  is  2,100  feet  long  and  50Q 
feet  wide.  There  is  no  special  difficulty  in  the  channel  past  these  islands.  The  rip- 
ples are  gentle,  and  only  at  one  point  was  the  depth  as  little  as  1  foot. 

Tionesta  Creek  enters  the  river  behind  the  head  of  this  group  of  islands.  Raftsmen 
experience  much  difficulty  in  getting  out  of  the  Tionesta  into  the  Allegheny.  The 
natural  difficulty  was  aggravated  by  the  construction  of  a  dam  in  the  mouth  of  the 
creek,  which,  instead  of  proving  an  aid,  has  increased  the  trouble.  It  would  cost  bat 
little  to  change  the  position  or  that  dam  and  open  a  chute  into  the  river  above  the 
head  of  all  the  islands. 

Cushion  BarSf  106.9  miles  below  Olean. — Just  above  these  bars  the  channel  turns  ab- 
ruptly from  the  right  bank  to  the  left.  Following  that  side  a  few  hundred  feet,  a 
cluster  of  verj'  small  bars,  covered  when  the  river  rises  a  few  inches,  confines  it  close 
to  the  left  bank  with  a  width  of  100  feet.  The  ripple  through  thia  place  is  1,175  fe«t 
long,  with  a  descent  of  1.85  feet  and  a  depth  of  1  foot.  Thirteen  hundred  feet  farther 
down  the  water  is  coniined  to  the  right  shore  by  a  similar  set  of  bars,  but  with  a  wid» 
•channel- way.  The  ripple  is  400  feet  long,  with  a  descent  of  0.96  foot,  and  a  depth  of 
1.7  feet. 

Hoi-man's  Island^  108.3  miles  below  Olean. — Length,  4,200  feet ;  greatest  width.  600 
feet.  The  channel  is  down  the  left  of  this  island,  and  is  comparatively  easy.  Mid- 
way down  the  chute  there  is  a  ripple  350  feet  long,  with  a  descent  of  1.33  feet,  and  a 
depth  of  11  inches.  At  the  foot  the  channel  makes  nearly  a  sqnare  crossing  to  tlM 
len}  bank,  in  order  to  avoid  a  small  island  w^hich  interlaps  Holman's  Island.  The  depth 
in  this  crossing  is  about  1  foot.  No  trouble.  Thence  tlie  channel  holds  along  the  left 
shore  to  Maple  Island. 

Maple  Islandf  109.4  miles  below  Olean. — Length,  1,700  feet ;  width,  280  feet.  The  chan- 
nel is  down  the  left  chute ;  midway  in  this  chute  a  small  island  to  the  left  confines  the 
channel  between  the  two.  Hero  the  river  is  much  obstructed  by  gravel  lumps.  Two 
ripples  farther  below  make  nearly  one  continuous  ripple,  their  united  length  being  1,140 
feet ;  descent,  2«93  feet ;  and  least  depth,  10  inches.  A  dam  closing  the  right  chute  of 
Maple  Island  would  probably  be  the  means  of  washing  oufc  a  better  channel  and  im- 
proving the  depth. 

Rapids,  110.5  miles  below  Olean. — ^Above  this  point  a  bar  from  the  left  throws  the 
water  across  to  the  right,  giving  a  passageway  only  100  feet  wide.  There  is  here  a 
sharp  rapid,  the  water  in  130  feet  fallmg  2.09  feet,  with  a  depth  of  1.4  feet.  The  only 
trouble  comes  from  the  swiftness  of  the  current. 

Hemlock  Creek  Island,  111.9  miks  below  Olean. — ^The  len^h  of  the  island  proper  is  900 
feet,  and  its  width  is  about  200  feet.  There  is  a  small  island  of  the  same  name  well 
inshore,  opposite  the  mouth  of  Hemlock  Creek  (which  enters  from  the  left).  On  the 
left;  bank,  and  above  the  creek,  an  enterprising  citizen  has  erected  an  extensive  hotel 
•called  the  President  House.  It  is  noticeable  chiefiy.  because  there  are  no  other  build- 
ings near  it.  The  channel  passes  down  the  right  chute  of  Hemlock  Creek  Island. 
For  some  distance  it  is  quite  narrow,  being  driven  close  to  the  main  shore  by  the  head 
of  the  island.  Length  of  ripple,  1,140  feet;  descent,  3.4  feet;  depth,  1  foot.  The  bot- 
tom is  composed  of  loose  rocks,  some  of  which  could  be  removed  to  advantage.  A  few 
of  these  rocks  project  more  than  a  foot  above  the  surface  of  low- water. 

McCrary^s  Bar,  112.8  miles  below  Olean. — ^This  bar,  now  covered  at  a  4-foot  stage,  waa 
formerly  an  island.  It  is  1,500  feet  long  and  250  feet  wide.  The  channel  passes  on 
either  side,  there  being  no  material  difference  in  the  depth.  There  is  a  gentle  ripple 
entering  the  right  chute  with  a  depth  of  1.8  feet.  Six  hundred  feet  below  MeCrary's 
Bar,  another  bar,  in  mid-river,  900  feet  long,  and  covered  at  a  l^foot  stage,  confines 
the  channel  to  the  left.  At  its  foot  a  bowlder  reef  extends  entirely  across  the  river. 
The  depth  on  this  was  only  4  inches.  The  river  falls  at  this  place  1.48  feet  in  a  dis- 
tance of  70,  which  is  certainly  a  remarkable  jump. 

Plauf)  for  improvement  are  deferred  for  the  XM:esent.  Thirteen  hundred  feet  below, 
opposite  the  mouth  of  Henry  Run  (which  entef&  from  the  right),  there  is  a  gentle  rip- 
ple with  a  depth  of  1.1  feet;  it  gives  no  trouble. 

Pit-Hole  Islands,  115.3  miles  below  OUan. — These  are  two  small  islands.  The  channel 
passing  to  the  right  of  the  upper  one  is  wide  and  shallow,  and  full  of  loose  bowlders. 
Pit-Hole  Creek,  a  considerably  tributary,  enters  from  the  ri^ht,  opposite  the  foot  of  tbe 
first  island.  Its  mouth  is  100  feet  wide.  Two  railroad  bridges  (one  railroad  extend- 
ing up  the  valley  of  Pit-Hole  Creek)  cross  it. 

¥^m  the  mouth  of  the  creek  the  best  channel  (still  in  the  right-hand  chute)  passes 
close  over  to  the  second  island,  hugging  it  to  its  foot,  leaving  a  number  of  small,  dry 
bars  to  the  right,  and  others  extending  some  distance  below. 

This  is  an  exceedingly  swift  place,  the  river  falling  4«65  feet  in  1,300,  or  at  the  rate 
of  about  18  feet  per  mile.  The  depth  found  was  not  quite  1  foot.  Scwxsely  a  vesti^ 
remains  of  Pit-Hole,  which  was  once  a  center  of  the  oil  excitement.  At  one  time  ita 
post-office  was  the  second  in  importance  in  Pennsylvania. 

Walnui  Island,  116.8  miles  below  Ol€an.—Th^  first  island  is  1^700  feet  long  and  500  fest 
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-wide.  A  head  bar  extends  above  it  a  distance  of  1,30(X  feet.  The  channel  is  to  the 
right.  In  entering,  passing  between  the  bar  and  the  right  bank,  the  channel  is  only 
100  feet  wide  and  10  inches  deep.  The  ripple  in  this  place  descends  2.61  feet  in  a  dis- 
tance of  1,:}60. 

The  second  island  is  1,000  feet  long,  and  it  commences  immediately  below  the  first. 
The  channel  is  on  the  right,  and  it  has  several  small  detached  bars  on  each  side.  The 
ripple  at  the  lower  end  is  910  feet  in  length,  with  a  descent  of  1.92  feet  and  a  depth  of 
1  foot.  A  wide-spread  ripple  occurs  in  the  river  about  one-half  mile  farther  down.  Its 
length  is  1.390  feet,  and  its  descent  is  2.90  feet,  but  as  the  least  depth  observed  was  2 
feet,  no  improvement  seems  nece8sarJ^  Four  more  ripples  occur  at  intervals  in  the 
river  to  Alcorn's  Bar,  a  farther  distance  of  about  4  miles,  but  they  give  a  navigable 
depth  greater  than  1  foot.  In  this  reach  a  number  of  small  islauds  and  bars  occur,  but 
the  channel  holds  to  the  right  of  them  all. 

Akont^s  Bar,  122.4  miles  below  Olean. — This  is  a  long  bar  in  mid-river,  just  below  a 
little  island  called  Horse  Creek  Island.  The  bar  is  3,(X)0  feet  long  and  is  250  feet  wide, 
and  is  covered  at  a  stage  of  3^^  feet.  The  channel  is  on  the  right  of  the  bar,  where  there 
is  a  ripple  2,100  feet  long,  with  a  descent  of  1.37  feet,  and  a  least  depth  of  1.2  feet.  At 
the  extreme  lower  end  of  the  bar  another  ripple  is  found  500  feet  long,  with  a  descent 
of  1.99  feet,  and  a  depth  of  1.9  feet.  There  is  no  special  difficulty  at  either  of  these  rip- 
ples. The  Imperial  Oil  Refining  Company,  one  ol  the  Standard  Oil  Company's  works, 
IS  located  on  the  right  bank.  It  is  the  first  oil-refining  establishment  met  with  below 
Olean,  and  is  said  to  be  the  most  extensive  in  the  United  States.  It  certainly  pollutes 
the  river  with  enough  refuse  to  justify  the  encomiums  that  are  passed  on  its  capacity. 
•  Allegheny  Valley  Railroad  Bridge,  VZiAmiles  below  Olean. — This  bridge  crosses  the  river 
diagonally.  It  is  a  covered  wooden  structure  on  the  Howe  truss  principle^  with  three 
spans,  each  150  feet  long,  elevated  in  the  clear  29  feet  above  low- water.  The  chan- 
nel is  under  eith  ?r  the  left  or  the  central  span.  Oil  City,  on  the  right  bank,  begins  at 
this  bridge,  and  South  Oil  City  is  found  on  the  left  batik.  These  two  places  together 
have  a  population  of  about  8,000.  The  highest  recorded  fiood  in  the  Allegheny  at  this 
point  occun-ed  in  March,  1865.  Our  levels  up  to  the  mark  show  that  tne  river  rose 
on  that  occasion  17^  feet  above  the  low-water  mark.  This  is  only  1  foot  higher  than 
the  river  is  reported  to  have  risen  at  Olean- in  1873.  The  channel  between  the  railroad 
bridge  and  the  Oil  City  bridge  is  nearest  to  the  left  bank,  leaving  a  low  bar,  once  an 
island,  on  the  right. 

(HI  City  Bridge,  124.8  miles  below  Olean. — ^This  bridge  crosses  the  lower  end  of  the  bar 
referred  to,  its  right  shore  abutment  being  about  200  feet. above  the  mouth  of  Oil 
Creek,  a  large  tributary  of  the  Allegheny  (on  this  stream  are  the  towns  of  Petroleum 
Centre  and  Titusville).'  The  length  of  the  bridge  is  1,100  feet,  divided  into  6  spans,  the 
longest  of  which  measures  200  feet.  The  height  in  the  clear  above  low- water  is  20 
feet.  About  900  feet  below,  the  river  is  crossed  by  a  suspension  bridge  divided  in 
three  spans,  the  longest  measuring  500  feet.  The  total  length  of  the  bridge  is  700  feet, 
and  it  is  elevated  in  the  clear  41  feet  above  low-water.  A  rocky  ripple  occurs  between 
the  railroad  and  the  suspension  bridges,  measuring  1,100  feet  in  length,  with  a  total 
descent  of  3.25  feet,  and  a  least  depth  of  1.3  feet.  Two-thirds  of  a  mife  below  the  sus- 
pension bridge  a  large  bar,  which  is  covered  at  a  44bot  stage,  makes  off  from  the  left 
shore,  and  tlurows  the  channel  to  the  right.  It  is  not  a  troublesome  place.  Length  of 
ripple,  275  feet ;  descent,  1.16  feet ;  depth,  2  feet. 

Uolliday's  Bar,  126.9  miles  beloic  Olean. — Here  an  extensive  bar  2,200  feet  long,  covered 
at  a  4-foot  stage,  again  confines  the  river  to  the  right  shore.  The  ripple  is  900  feet 
long  with  a  descent  of  3.56  feet,  and  a  depth  of  1.4  feet.  No  particular  difiiculty  at 
this  point. 

Schaejfer's  Bar,  128.3  miles  below  Olean. — ^At  this  point  a  large  bar  on  the  right,  cov- 
ered at  a  4-foot  stage,  confines  the  river  to  a  width  of  150  feet  close  to  the  left  bank. 
Through  this  chute  for  1,900  feet  the  current  is  strong,  the  descent  bein^  3,25  feet^  with 
a  least  depth  of  1  foot.  At  its  lower  end  there  are  a  number  of  rocks  in  the  ohaimel. 
The  river  is  shoal  for  |  mile  below  this  ripple,  with  a  least  depth  of  18  inches,  and  a 
considerable  current. 

Two-mile  Bun  Bar,  130  miles  below  Olean. — At  this  point  a  flat  bar,  1,100  feet  long 
and  200  feet  wide,  covered  at  a  1^-foot  stage,  confines  the  channel  to  the  left..  The 
depth  on  the  ripple  is  7  inches ;  length,  450  feet ;  descent,  2  feet.  Much  water  is  lost 
to  the  right  of  this  bar,  which  might  be  utilized  to  advantage  by  closing  that  side  with 
a  wing-£un  400  feet  long. 

McuowelVs  Islands,  131.4  miles  below  Olean. — These  two  once  made  a  continuous 
island,  but  at  some  time  prior  to  1853  they  were  cut  through  near  the  lower  end. 
Their  united  length  is  3.000  feet,  but  with  head  bar  and  connecting  bar  they  measure 
4,800  feet.  The  channel  is  down  the  left,  which  is  shoal  throughout  the  entire  chute. 
In  4,800  feet  the  river  descends  4.20  feet.  The  least  depth  in  the  channel  is  1  foot,  but 
it  is  generally  about  2  feet  deep. 

French  Creek,  Fhinklin,  132  miles  below  Olean* — French  Creek  enters  from  the  right 
immediately  below  the  foot  of  McDowell's  lower  island.    The  survey  waa  dosed  at 
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this  point  October  21,  1879.  French  Creek  is  the  largest  tributary  of  the  Allegheny. 
It  heads  in  New  York,  and  drains  about  1,050  square  miles.  Conneaut  Lake,  on  one  of 
its  branches,  was  the  source  fix)m  which  a  jwrtion  of  the  water  supply  for  the  Pennsyl- 
TEuia  Erie  Canal  was  drawn.  It  is  a  noteworthy  fact  that  a  dam  raising  this  lake  only 
a  few  feet  enabled  its  waters  to  flow  into  a  canal  which  discharged  into  Lake  Erie. 
Franklin,  immediately  below  the  mouth  of  French  Creek,  has  a  population  of  6,500. 
•  «  #  #  «  »  » 

SYNOPSIS. 

The  190  ripples  average  617  feet  in  length  and  1.6  feet  in  descent.  Their  aggregate 
descent  is  304.77  feet,  -which,  deducted  from  the  total  descent  of  the  river  between 
Olean  and  Franklin,  leaves  141.49  feet,  or  an  average  descent  of  1.07  feet  per  mile  for 
the  residue  of  the  river.     In  length  the  shoals  are  17  per  cent,  of  the  entire  distaoce. 

From  the  mouth  of  French  Creek  to  Pittsburgh,  123  miles,  there  are  seventy-five 
ripples,  the  total  descent  of  the  river  in  that  distance  being  261.7  feet. 
1)  It  is  proper  for  me  to  add  that  for  much  of  the  substance  of  the  detailed  description 

of  the  n ver  above  Franklin  I  am  indebted  to  Mr.  John  B.  Dougherty,  assistant  eneineer, 
who  conducted  the  survey  in  the  field.  Being  called  to  the  East  on  other  work,  he  was 
unable  to  make  any  regular  report  himself,  but  left  his  notes  and  field  books  with  m^. 

I  will  note  here  that  the  adopted  elevation  of  Olean  was  taken  from  the  lat«  geologi- 
cal report  of  Pennsylvania,  one  volume  of  which  is  devoted  to  tables  of  elevations  of 
various  railroad  points  within  the  State  and  on  it«  borders.    Since  this  table  was  pre- 
pared I  have  received  the  elevations  adopted  by  the  canal  surveys  of  New  Y''ork,  from  . 
which  it  appears  that  our  elevation  at  Olean  is  14  feet  lower  than  theirs. 

Respectfmly  submitted. 

THOMiiS  B.  Roberts, 

AsHstani  Engineer. 

Col.  Wm.  E.  Merrill, 

Major,  Corps  of  Engineers,  U,  S.  A. 
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X  4. 

HARBOR  OF  REFUGE  NEAR  CINCINNATI,  OHIO. 

At  the  close  of  the  fiscal  year  ending  Jane  30, 1879,  the  contract  for 
constructing  two  dikes  at  Four-Mile  Bar,  10  miles  above  the  pablic  land- 
ftig  of  Cincinnati,  had  just  been  awarded  to  Mr.  John  J.  Shipman,  of 
Lewinsville,  Ya. 

During  the  last  fiscal  year  the  dike  on  the  Ohio  side  of  the  river  was 
extended  to  its  full  length  of  2,135  feet ;  but  the  outer  end  was  not 
wholly  finished,  as  the  work  was  stopped  by  high  water.  At  the  close 
of  the  fiscal  year  the  condition  of  the  work  was  as  follows: 

The  Ohio  dike  was  completed  to  its  full  length,  except  that  the  stone 
filling  had  not  been  smoothed  off,  and  that  ^m  one  to  two  courses  on 
top  of  the  outer  portion  of  the  back  wall,  together  with  the  correspond- 
ing back  braces  had  not  been  laid.  For  a  distance  of  516  feet  measured 
from  the  bank,  the  dike  had  been  wholly  finished.  This  latter  is  the  most 
important  part  of  the  work,  as  it  crosses  the  Ohio  chute,  the  former 
channel  in  dead  low- water.  A  small  amount  of  the  bank  protection  was 
also  umfinished. 

The  effect  of  this  dike  upon  the  low-water  channel  abreast  of  it  has 
been  excellent.  In  many  places  the  sand  and  gravel  carried  in  suspen- 
sion by  the  river  have  deposited  behind  the  dike  up  to  the  level  of  the 
back  wall,  and  the  interstices  between  the  stones  inside  the  cribs  are 
almost  wholly  filled.  Everything  gives  promise  of  a  strong  and  dura- 
ble work. 

As  there  was  no  ice  last  winter,  there  was  no  test  of  the  efficiency  of 
the  dike  for  holding  back  ice-floes. 

The  Kentucky  dike  had  been  located,  and  work  had  been  commenced 
on  the  bank  protection  at  its  root  when  the  fiscal  year  ended. 
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The  amoutit  of  the  original  appropriatiou  will  complete  these  dikes  to 
the  full  length  required  for  their  use  as  ice-holders.  The  Kentucky  dike 
should  be  extended  to  a  greater  length  than  is  necessary  for  this  pur- 
pose in  order  to  increase  its  efficiency  as  a  low- water  improvement.  This 
latter  use  is,  however,  foreign  to  the  purpose  for  which  this  special  ap- 
propriation was  made,  and  on  this  account  authority  has  been  granted 
to  make  the  extension  at  the  expense  of  the  general  appropriation  for 
improving  the  Ohio  River. 

I  therefore  submit  no  estimate  for  any  further  approi)riation  for  the 
harbor  of  refuge. 

It  may  be  proper  to  add  that,  owing  to  the  great  length  of  the  Four 
JMile  Bar,  another  dike  will  probably  be  needed  to  complete  the  low-water 
improvement;  but  it  is  not  advisable  to  plan  this  dike  until  the  present 
dikes  have  had  an  opportunity  to  develop  their  full  effects  upon  the  bar. 

Money  stutemetit 

July  1,  1^79,  amount  available $49,878  07 

July  1,  1880,  amount  expended  during  fiscal  year $28, 401  46 

July  1,  1880,  outstanding  liabilities 173  18 

28,574  64 

July  1,  1880,  amount  available 21,303  43 


X5. 

ICE  HARBOR  AT  MOUTH  OF  MUSKINGUM  RIVER,  OHIO. 

The  river  and  harbor  act  approved  March  3, 1879,  contained  an  appro- 
I)riation  of  $30,000  for  an  ice  harbor  at  the  mouth  of  the  Muskingum 
Kiver,  Ohio. 

Various  legal  diflBculties  intervened  to  prevent  early  action  under  this 
appropriation,  and  it  was  not  until  the  17th  of  November  that  I  was 
flnall}^  notified  that  the  funds  were  available. 

As  the  amount  appropriated  was  less  than  one-seventh  of  the  esti- 
mated cost  of  the  work,  it  was  evidently  unadvisable  to  commence  con- 
struction. It  was  therefore  decided  to  advertise  for  the  delivery  of 
stone  for  the  lock. 

Bids  were  opened  on  the  23d  of  January,  1880,  with  the  following 
result: 


No. 


1 

•) 

3 
4 

» 

o 

(J 

7 

8 

9 

10 

11 

12 

13 

14 


Bidders. 


Dimension  stone,  per  cubic  yard. 


Thomas  B.  Townsend 

John  J.  Shipman 

Jackson,  Butiu  ^ic  Clough 

M.J.  O'Connor 

Thomas  Cisler  &.  Co 

RicbardMoii,  Wheeler  ic  Monroo 

Moore,  0' Biennis  6c  Lo 

David  Morgan 

Caius  M.  Colo 

David  H.  Power 

Kelly  Sc  Haviland 

Jolly  &.  Hayue 

Fora  dt  Tlemey 

R.  H.  Gillespy  *. 


$3  00 
3  50 
3  30 


00 
09 
15 
5  20 
3  90 


4 

4 
4 


65 
00 
25 
75 
00 
50 


CI 


$3  00 


4 

3 
4 
4 
4 

5 


05 
35 
10 
50 
00 
50 

3  90 
5  25 

4  50 

5  25 

6  50 

7  00 

8  50 


.»« 

p* 

o 

2 


$3  00 
3  44 


26i 
93J 

m 

loi 

5  10 

3  90 

4  m 

4  12^ 


5  25 

5  56^ 

7  00 

7  18} 

a 


p. 


12  Ift^'J, 
2  25 
40 
75 
70 
40 
00 
75 
25 
00 
00 
25 


2 

2 

2 

3 
o 

3 
3 
4 
4 
4 


3  50 

4  00 


Aggregate 
of  bill. 


$32, 736  60 
35,650  00 
35,  992  50 
42,237  50 
43, 102  50 
48,  442  50 
49, 280  (Hi 
50,  250  00 
51,087  5<» 
53,425  OO 
59,  050  0« 
62,  662  50 
63,700  00 
68,  737  50 


t    \W' 


H 

II 

.If 

^f 

j 

'''  i V 

1 

*■ 

1 

1 

1     i 

'  u 

!l 

1 
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ESTIMATED  FOB  1881-'82. 

This  work  is  one  of  a  cl%ss  that  requires  a  definite  sum  in  order 
secure  results  with  economy,  and  without  undue  risks. 

The  estimated  cost  of  the  lock  is  $216,400,  and  I  would  strongly  or 
the  importance  of  appropriating  at  once  the  sum  necessary  to  compk 
it.  Unless  work  can  be  carried  on  with  rapidity,  which  in  such  ease^ 
synonymous  with  economy,  it  will  be  impossible  to  complete  the  proj< 
within  the  estimates. 

I  therefore  estimate  for  the  next  fiscal  year  the  difference  between  t 
estimated  cost  of  the  lock  ($216,400)  and  the  amount  already  approji 
ated  ($80,000),  or  $136,400. 

Money  statement 

July  1,  1879,  amount  available $30, 000  00 

Amount  appropriated  by  act  approved  June  14,  1880 50, 000  00 

#80,  OiJO 

July  1,  1880,  amount  expended  during  fiscal  year 4, 457  29 

July  1,  1880,  outstanding  liabilities 770  74 

5,228 

July  1,  1880,  amount  available 74,771 

Amount  (estimated)  required  for  completion  of  existing  project 136, 400 

Amount  that  can  be  prontably  expended  in  fiscal  year  ending  June  30, 1882 . .  136, 400 


X  6. 

EXAMINATION  AND  SURVEY  FOR  ICE  HARBOR   AT  MOUTH    OF  LITTJ 

KANAWHA  RIVER,  WEST  VIRGINIA. 

United  States  Engineer  Office, 

Cincinnati^  OhiOj  January  30,  1880. 
General:  The  river  and  harbor  act  approved  March  3,  1879,  c 
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This  survey  and  examination  having'  been  assigned  to  me,  I  have  the 
honor  to  siibmit  the  following  r^>ort : 

The  Little  B[ana"wha  River  rises  in  Upshur  County,  West  Virginia, 
very  near  the  center  of  the  State,  and  flows  northwesterly  until  it  joins 
the  Ohio  at  Parkersburg. 

The  desire  of  the  citizens  of  Parkersburg,  at  whose  instance  this  sur- 
vey has  b^n  cdrdered,  is  to  utilize  the  mouth  of  the  Little  Kanawha 
as  a  harbor  of  refuge  against  ice  in  the  Ohio.  They  assert  that  since 
the  construction  in  1868  of  locks  and  dams  on  the  Little  Kanawha,  the 
3 J  miles  between  its  mouth  and  the  lower  dam  has  become  a  perfectly 
safe  ice  harbor,  and  that  it  only  needs  a  small  exx>enditure  to  be  made 
complete.  That  slackwater  dams  will  protect  from«ice  is  the  usual  ex- 
perience on  all  rivers  that  have  been  thus  improved,  and  I  have  no  doubt 
that  the  statement  as  to  the  result  on  the*  Little  £[anawba  is  strictly 
coilrect.  There  are  others  who  go  even  further  and  state  that  no  boat 
was  ever  injured  while  wintering  in  the  mouth  of  the  Little  Kanawha. 
In  Ax)x>endix  A  will  be  found  a  number  of  affidavits  as  to  the  safety  of 
the  Little  Kanawa  in  ice  floods. 

The  following  table  gives  the  widths  and  depths  in  the  mouth  of  the 
Little  Kanawha  within  the  limits  of  the  survey : 


CroM-fteotions  at— 


Foot  of  Ann  street 

At  bridge 

1^746  feet  above  bridge 


9 

L 

At  time  of  snrvey 

At  low-w 

(5'.78  on 

gauge). 

gau 

nee 
loui 

^ 

• 

J3 

^ 

i" 

■4^ 
••4 

•«4 

^ 

& 

^ 

Feet. 

Feet. 

Feet. 

Feet. 

220 

340 

12 

275 

1,100 

230 

*12 

175 

2,846 

409 

9  to  10 

330 

*  Obstmcted  by  remains  of  old  pier. 

This  shows  that  the  river  is  undoubtedly  narrower  than  is  desirable 
for  the  handling  of  fleets,  but  that  there  is  a  sufficient  depth  of  water 
except  in  very  low  stages.  The  river  is  usually  low  when  it  freezes  over^ 
but  the  dead  low  stage  occurs  in  the  fall  months,  9>nd  there  is  always  an 
increase  in  depth  before  winter  sets  in. 

The  remains  of  the  middle  pier  of  the  old  bridge  are  an  obstruction 
that  must  be  removed  before  this  harbor  can  be  fiilly  utilized.  The 
cnNsS'Section  at  the  site  of  the  bridge  shows  very  clearly  how  great  an 
obstruction  it  is.  The  top  was  somewhat  lowered  during  the  fall  just 
past,  but  more  work  must  be  done  before  access  to  the  river  above  the 
bridge  can  be  considered  as  entirely  safe  in  low-water.  It  is  evident 
also  that  the  river  is  too  narrow  to  permit  a  coal  fleet  to  be  turned 
around.  Any  fleet  entering  this  harbor  must  be  untied  and  reformed, 
or  it  must  be  backed  out. 

The  chief  obstruction  to  the  present  use  of  the  mouth  of  the  Little 
Kanawha  is  the  lack  of  height  of  the  bridge  that  spans  it  ^  of  a  mile 
above  the  mouth.  The  bottom  of  this  bridge  at  its  middle  is  42  feet  8 
inches  above  the  zero  of  the  gauge,  and  as  the  highest  recorded  high- 
water  (that  of  April,  1852)  reads  60.14  on  the  gauge,  it  is  evident  that 
the  bridge  is  18  J  feet  below  high- water.  While  it  is  a  reasonable  answer 
that  such  a  flood  is  exceptional,  it  is  nevertheless  plain  that  a  bridge 
which  is  only  at  the  level  of  ordinary  high-water  cannot  have  any  spare 
space  under  it  for  steamboats  at  any  stage.  That  this  is  the  fact  1  can 
testify  from  my  own  experience,  as  I  once  tried  to  take  the  U.  S.  snag- 
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boat  E.  A.  Woodruff  np  the  Little  Kanawha  in  ordinary  low-water,  but 
could  not  get  her  under  this  bridge,  although  the  Woodrufi  is  not  a  hig^ 
boat.  The  difficulty  was  not  with  the  chimneys,  which  can  be  lowerwL, 
but  \nth  the  pilot-house. 

It  is  evident  that  if  the  mouth  of  the  Little  Kanawha  is  to  be  folly 
utilized  as  a  harbor  of  refuge  for  Ohio  River  boats,  the  bridge  over  this 
river  ought  to  give  aS  much  head  room  under  it  as  is  given  by  the  Ohio 
River  bridges  in  the  neighborhood. 

As  a  rule,  boats  only  seek  such  harbors  during  low  or  moderate  stages, 
but  as  ice  always  goes  out  on  a  rising  river,  boats  that  ventured  in  and 
passed  above  the  bridge  might  be  unable  to  return  until  long  after  the 
ice  had  departed.  • 

There  are  three  ways  of  remedying  this  objection : 

1.  The  government  might  buy  and  destroy  the  bridge. 

This  alternative,  however,  is  a  very  objectionable  one,  as  the  bridge 
is  a  needed  public  improvement,  and  its  total  destruction  would  be  a 
step  backwards.  There  are  a  number  of  refineries  and  other  industrial 
establishments  on  the  west  side  of  the  river  that  need  close  commnnicd' 
tion  with  Parkersburg,  besides  the  necessity  of  providing  an  easy  inlet 
from  the  surrounding  country.  I  am  informed  unofficially  that  the 
bridge  company  will  sell  outright  for  $32,500. 

2.  The  bridge  might  be  turned  into  a  draw-bridge. 

This  alternativ^c  is  also  highly  objectionable,  as  it  would  necessitate 
the  reconstruction  of  the  central  pier,  whose  foundations  are  now  a 
serious  obstruction.  The  objection  would  not  be  so  great  if  the  basin 
above  the  bridge  were  so  commodious  and  afforded  so.exceUent  a  harhor 
as  to  justify  a  considerable  outlay  of  time  and  trouble  in  order  to  reach 
it.  Unfortunately,  the  mouth  of  the  Little  Kanawha  is  contracted,  and 
therefore,  if  it  is  to  be  utilized  at  all,  access  to  it  must  be  perfectly  free. 
I  cannot  therefore  recommend  that  the  present  narrow  channel  he 
reduced  by  a  large  piv^ot  pier,  and  that  the  present  single  span,  that 
covers  the  whole  width  of  the  river,  be  changed  into  two  short  revolving 
spans.  The  width  at  the  site  of  the  bridge  was  only  230  feet  at  the  time 
of  the  survey,  when  the  gauge-reading  was  a  little  less  than  6  feet ;  and 
if  30  feet  of  this  were  taken  up  by  a  pivot  pier,  it  would  leave  oidy  100 
feet  on  each  side  for.  navigation.  As  this  is  precisely  the  width  of  an 
ordinary  coal  fleet  four  barges  wide,  it  evidently  leaves  no  margin  for 
leeway,  and  is  insufficient. 

The  bridge  company  is  willing  to  permit  this  change  to  be  made  at 
the  expense  of  the  United  States,  provided  the  latter  will  pay  the  bridge 
company  $400  per  month  for  the  time  in  excess  of  90  days  that  travel 
on  the  bridge  is  stopped.  Their  letter  to  this  effect  is  annexed  as  Ap- 
pendix B. 

The  cost  of  transforming  this  bridge  into  a  draw-bridge  is  estimate 
at  $30,000j  it  being  assumed  that  the  transformation  can  be  made  with- 
out incurring  the  penalty  mentioned  above. 

3.  The  bridge  might  be  raised  to  a  sufficient  height  to  allow  boats  to 
pass  under  at  all  stages. 

As  this  change  is  to  benefit  steamboats  that  navigate  the  Ohio,  it 
ought  to  conform  to  the  rules  that  regulate  the  heights  of  bridges  oo 
that  river.  The  act  of  Congress  regulating  bridges  over  the  Ohio  River 
above  the  mouth  of  the  Big  Sandy  prescribes  that  they  shall  be  90  feet 
above  low-water,  and  the  bridge  at  Parkersburg  conforms  to  this  lav. 
This,  therefore,  is  the  height  to  which  the  highway  bridge  over  the  Littie 
Kanawha  ought  to  be  raised.    As  this  bridge  is  now  only  42  feet  8  inches 
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above  low- water,  it  will  require  an  additional  height  of  47  feet  4  inches 
in  order  to  be  on  a  level  with  the  Parkersburg  bridge  over  the  Ohio. 

Local  circumstances  are  such  that  the  utility  of  the  bridge  would  be 
destroyed  if  it  were  raised  to  this  height.  I  therefore  caused  estimates 
to  be  made  on  an  assumed  raising  of  32  feet.  The  survey  and  estimates 
were  made  by  Mr.  W.  B.  Strong,  assistant  engineer,  and  are  as  follows: 

Hudson,  Ohio,  January  9,  1879. 

Sir:  I  have  the  honor  to  submit  the  following  report  of  a  plan  for  raising  the  wagon 
bridj^e  near  the  mouth  of  the  Little  Kanawha  River,  at  FarKersburg,  W.  va. 

It  18  proposed  to  raise  the  bridge  32  feet.  The  estimate  alrea<ly  Hubmitted  of  the 
cost  of  doing  this  is  based  upon  the  following  plan  of  operations  (A) : 

Ist.  The  erection  of  false  work  and  removal  of  bridge  from  its  present  position. 

2d.  The  entire  removal  of  both  abutments. 

This  course  is  required  on  account  of  their  imijerfections  and  improper  coustruction. 

The  west  abutment  is  badly  cracked,  and  although  strengthened  by  iron  bauds  and 
tie-rods,  is  hanliy  secure  as  a  support  for  the  bridge  at  its  present  grade. 

The  east  abutment  is  apparently  in  good  condition,  but  the  substantial  portion  of 
it  is  a  mere  shell.  The  entire  backing  was,  according  to  the  specifications  in  the  halnds 
of  the  secretary  of  the  Little  Kanawha  Bridge  Company,  laid  up  dry. 

The  cost  of  the  removal  of  the  old  abutment  is  not  inchidec^in  this  estimate,  because 
it  is  assumed  as  being  equivalent  to  that  of  quarrying  the  same  amount  of  stone,  with 
a  decided  advantage  in  respect  to  haul. 

3d.  Building  piers  to  the  height  required  for  the  new^  grade. 

As  now  constnicted,  the  west  end  of  the  bridge  is  3.7  feet  higher  than  the  east  end, 
and  the  same  relative  height  has  been  preserved  in  this  plan,  for  the  reason  that 
thereby  the  long  approach  on  the  east  side  is  made  some  92  feet  shorter,  and  a  consid- 
erable saving  enected  in  length  of  trestle-posts,  assuming  the  same  grade  as  in  the 
plan  adopted. 

The  assumed  section  of  the  tops  of  the  piers  is  6  by  28  feet,  aud  the  height  from  top 
of  foundations  72  feet.  The  batter  is  I  inch  i>er  foot ;  this  gives  the  area  of  base  18  by 
40  feet. 

A  careful  computation  of  all  strains  to  which  the  piers  can  be  subjected  indicates 
ample  stability  in  one  of  the  above  dimensions. 

4th.  The  reerection  of  false  work  aud  replacing  the  bridge  in  position. 

I  have  included  the  cost  of  fii-st  putting  up  false  work,  removing  the  bridge  from  its 
present  position,  again  erecting  false  work,  and  again  replacing  bridge  in  one  lump 
sum,  base'd  upon  a  bill  of  timber  required  for  the  False  work  and  an  estimate  of  the 
coet  of  the  work,  made  by  Mr.  G.  W.  Tallev,  the  carpenter  who  raised  the  bridge  when 
first  built,  viz,  $4,000. 

5th.  The  construction  of  approaches  to  each  end  of  the  bridge. 

The  approa<'h  on  the  east  side  is  to  extend  a  distance  of  650  feet  up  Market  street, 
Parkersburg. 

The  approach  on  the  west  side  is  to  extend  260  feet  to  the  bluff.     That  on  the  east 
side  is  to  descend  with  a  grade  of  4  feet  in  100,  which  will  just  about  give  under  pas 
sage  at  Neal-street  crossing. 

On  the  west  side  the  ^rade  descends  5  feet  in  100,  which  bring  the  roadway  to  the 
ground  at  a  suitable  point  to  meet  a  new  road  pro]K>sed  to  be  built  by  Wood  County. 

As  these  grades  are  within  the  limits  of  good  engineering  practice  for  highways,  the 
only  objections  that  can  exist  to  them  are  tnose  of  a  nature  connected  with  the  construe 
tion  and  stability  of  the  work. 

One  objection  to  them  grows  out  of  the  horizontal  strains  that  must  be  resisted  by 
the  piers.  Those  acting  on  the  large  piers,  as  has  been  already  stated,  are  not  saffl- 
oieht  to  endanger  their  stability. 

In  order  to  relieve  the  iron  trestles  in  the  east  approach  from  this  horizontal  strain, 
it  is  proposed  to  make  the  spans  continuous  each  way  from  the  ends  of  the  approach 
toward  the  center,  to  fix  them  at  the  extreme  ends,  one  to  the  masonry  pier  and  the 
other  to  the  abutment  at  the  lower  end  of  the  approach,  aud  to  leave  them  free  to  ex- 
pand and  contract  at  the  middle  of  the  approach,  being  divided  there.  In  this  way  I 
think  that  all  objections  on  account  of  grades  may  be  overcome. 

Plan  and  estimate  A  suppose  the  approaches  built  of  65-foot  spans,  supported  on 
iron  trestles  of  two  groups  of  Phoenix  columns,  four  in  a  group,  oraced  together  at 
intervals  of  from  6  to  10  feet. 

The  trusses  are  of  the  Mnrphy-Whipple  plan,  6  feet  6  inches  between  axes  of  chords, 
and  the  same  distance  for  the  panels.  The  floor-beams  are  I  section,  28  feet  long,  pro- 
jecting 4  feet  at  each  end  outside  of  the  axes  of  the  trusses  in  order  to  support  a  side- 
walk. They  are  trussed.  They  also  act  as  stmts  for  the  lateral  bracing,  and  are  sus- 
pended under  the  posts.    The  ties  for  the  lateral  bracing  have  a  run  of  three  panels. 
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oue  at  crossing  of  Neal  street. 

The  tracing  for  plan  B  shows  sufficiently  the  construction  of  tbe  short  spans.  ' 
advantages  over  ttie  long  spans  consist  in  less  cost  of  constrnction  and  greater  1 
tudinal  rigidity,  while  tney  possess  the  disadvantage  of  interfering  more  with  tk 
This  report  is  accompanied  hy  tracings  marked  A  and  B,  and  correspoDdiiig 
the  estimates  A  and  B,  which  giVe  plan  and  elevation  of  bridge  and  certain  sec 
and  details.  • 

Respectfully  submitted. 
Your  obedient  servant, 

Wm.  E.  Strong, 
A»8i9tant  Em^ 
Col.  Wm.  E.  Merrill, 

Major f  Corps  of  Engineers y  U,  S.  J. 
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Eatimate  A  of  cost  of  raising  wagon  bridge  near  mouth  of  Little  Kanatoha  BiveTy  Parkers- 

hurgj  W.  Va.j  32  feet^  and  of  approaches. 


Qaantities. 


Description  of  work. 


Price.    Amount. 


1,100  cubic  yards 

517  cubic  yaras 

2,220  cubic  yards 

38.4  cubic  yards r 

90,088  pounds 

345, 145  pounds 

64,585  pounds 

5,700  pounds 

40,140  feet,  board  measure. . 
26,844  feet,  board  measure. . 


Foundation  excavation |0  30 

Kough  ashler  masonry 0  00 

8 uarry-faced  masonry 8  00 
ut-stone  masonry 10  00 

Wrought  iron  in  trestles   08 

Wrought  iron  in  14  spans  (65'  each) 10 

Cast  iron  in  14  spans  (65^  each) 05 

Cast  iron  in  trestles 05 

White-oak  flooring 015 

White-pine  joists 02 

False  work,  removing  and  replacing  300-foot  span 

Damages  to  property,  south  side ^ 

Engineering  ana  contingencies,  about  7  per  cent 


1333  00 

3.102  00 

17,808  00 

384  00 

7,207  04 

34, 514  50 

3,229  25 

288  00 

737  10 

536  88 

4,000  00 

2,000  00 

5.860  23 


80,000  00 


Estimate  By  being  a  modification  of  estimat/t  Af  caused  by  substituting  shorter  spans  in  the 

approaches. 


Quantities. 


1,140  cubic  yards 

120  cubic  yards 

466  cubic  yards 

2.226  cubic  yards 

26.1  cubic  yards 

98,613  pounds 

37,087  pounds 

97,654  pounds 

18,450  pounds 

2,057  pounds 

30,980  pounds 

49,140  feet,  board  measure 
44,833  feet,  board  measure 


Description  of  work. 


Foundation  excavation 

Concrete  and  stone  filling  for  anchors 

Bough  ashler  masonry 

Quarry-faced  masonry 

Cut-stone  masonry 

Wrought  iron  in  4  spans  of  65  feet 

Wrought  iron  in  trestles  for  4  spans  of  65  feet. 

Wrought  iron  in  trestles,  38  short  spans 

Cast  iron  in  4  spuis  of  65  feet 

Cast  iron  in  trestles  for  4  spans  of  65  feet 

Cast  iron  in  trestles,  88  short  spans 

White-oak  flooring .... 

White-pine  Joists  and  rails 

Falsework,  &,c 

Damages,  south  side    

Engineering  and  contingencies 


Price. 


10  30 

6  00 

6  00 

8  00 

10  00 

10 

08 

08 

05 

05 

05 

015 

02 


Amount. 


$343  30 

774  00 

2,796  00 

17,808  00 

261  00 

9,861  30 

2,966  96 

7, 812  83 

922  50 

102  85 

1,549  00 

737  10 

896  66 

4,000  00 

2,000  00 

7,169  00 


60,000  00 


The  bridge  company  refuses  its  consent  to  the  raising  of  their  bridge. 
Their  statement  to  this  effect  is  annexed  as  Appendix  C. 

It  will  be  seen  from  Captain  Chancellor's  letter  (Appendix  D)  that  the 
mouth  of  the  Little  Kanawha  is  frequently  obstructed  by  masses  of  Ohio 
River  ice,  thus  preventing  ingress  or  egress.  This  action  is  less  marked 
now  than  formerly,  on  account  of  the  effect  of  the  piers  of  the  Parkers- 
burg  bridge  in  breaking  up  the  large  fields.  It  has  been  suggested  that 
if  a  few  timber  and  stone  ice  breakers  were  placed  below  the  bridge, 
on  the  West  Virginia  side  of  the  channel  and  opposite  the  centers  of 
the  side  spans^  these  auxiliary  xriers  would  still  further  break  up  the 
masses  of  floating^ice  and  help  to  prevent  any  gorging  across  the  mouth 
of  the  Little  Kanawha. 

The  idea  is  a  good  one,  and  I  think  that  it  is  worth  trying.  The  ex- 
pense will  be  small,  and  if  any  injurious  result  should  follow,  the  ice 
breakers  can  be  torn  up  without  extra  cost  by  the  government  snag- 
boat. 

I  would  propose  two  piers,  composed  of  wooden  cribs  filled  with  rip- 
rap, and  similar  in  construction  to  those  used  on  the  Ohio  and  Monon- 
gahela  rivers  for  the  protection  of  coal-barges.  They  should  be  placed 
opposite  the  middle  points  of  the  two  short  spans  that  adjoin  the  chan- 
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contingencies,  is  $3,000.    The  two  would  therefore  cost  $6,000. 

SUMMARY. 

The  work  therefore  that  is  needed  to  utilize  the  mouth  of  the  Lil 
Kanawha  as  a  harbor  of  reftige  is  as  follows: 

1.  To  raise  the  highway  bridge  on  the  Little  Kanawha  32  feet. 

2.  To  remove  the  remains  of  the  old  center  pier  of  this  bridge. 

3.  To  build  two  i^^-breakers  below  th^  railroad  bridge  a<;ro88  the  01 
The  first  object  cannot  be  accomplished  without  buying  ootthe  bri< 

company,  which  1  consider  unadvisable. 

The  second  object  should  be  attained  by  the  bridge  company  at  tl 
own  expense.  They  have  left  in  the  river  an  obstacle  to  free  navigat 
which  they  should  be  compelled  to  remov<».  The  law  would  proba 
hold  them  responsible  for  any  damages  caused  by  this  obstruction, 
the  removal  of  the  obstacle  is  more  important  to  navigatiou  than  a  | 
sible  mulcting  of  the  bridge  company. 

The  third  object  can  be  attained  by  the  United  States  at  the  modei 
cost  of  $6,000.    I  think  that  it  is  worth  the  trial. 

The  clause  in  the  river  and  harbor  act  under  which  this  repor 
made  orders  a  comparison  between  the  cost  and  merit  of  an  ice  bar 
in  the  mouth  of  the  Little  Kanawha  and  one  in  the  mouth  of  the  JM 
kingum.  In  another  part  of  the  same  act  the  Muskingum  ice  harbo 
formally  adopted  by  the  appropriation  of  $30,000  to  commence  wc 
Under  this  appropriation  a  contract  has  been  made  for  the  deliver] 
the  necessary  stone. 

Under  these  circumstances  the  only  question  left  unsettled  is  whetl 
in  view  of  the  adoption  of  the  Muskingum  ice  harbor,  it  is  advisabk 
spend  any  money  at  the  mouth  of  the  Little  Kanawha. 

I  would  reply  that  the  amount  recommended  is  very  small,  and  as 
localities  are  12^  miles  apart,  a  boat  might  be  able  to  seek  a  refngt 
the  Little  Kanawha  that  could  not  get  to  Marietta.     I  therefore  thi 
that  the  work  at  the  mouth  of  the  Muskingum  need  not  preclude  tl 
at  tlie  mouth  of  the  Little  Kanawha.    There  is  no  dancer  tha.t  tha  na 
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Appendix  A. 

AFFIDAVITS  A8*T0  THE  SAFETY  OF  THE  LITTLE  KANAWHA  RIVER  IN  ICE  FLOODS. 

I. 

This  may  certify  that  I  have  been  a  resident  of  Parkersbnrg,  W.  Va.,  for  over  fifty 
years,  and  have  been  engaged  in  the  wharf-boat  business  at  the  mouth  of  the  Little 
Kanawha  River  for  ^e  last  thirty  years,  and  during  that  time  there  has  been  more  or 
less  number  of  steamboats  put  into  the  month  of  eoid  stream  for  winter  quarters,  and 
no  steamer  has  ever  received  the  slightest  injury  from  ice  whilst  in  this  harbor. 

I  will  further  state  that  I  consider  it,  since  the  erection  of  the  dam  abont  four  miles 
Above  the  mouth,  as  the  safest  ice  harbor  on  the  Ohio  River. 

Leonard  Cross. 
Subscribed  before  me  this  18th  day  of  December,  1879. 

£.  P.  Chancellor, 

Notary  Public, 

2. 

This  may  certify  that  the  undersigned  have  been  residents  of  Parkersburg  for  the 
last  sixty  yearsj  and  during  that  time  no  steamboat,  harbored  in  the  mouth  or  at  any 
point  on  the  Little  Kanawna,  has  ever  been  damaged  by  ice  to  our  knowledge :  and 
we  further  certify  that  we  believe  the  Little  Kanawha  the  best  natural  harbor  (Wng 
•deep)  on  the  Ohio  River. 

H.  Logan. 

Wm.  Loqan. 

Law.  p.  Neal. 

S.  N.  Neal. 

Geo.  B.  Neal. 

Subscribed  before  me  this  18th  day  of  December,  1879. 

E.  P.  Chancellor, 
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Appendix  B. 
resolution  of  the  little  kanawha  bridge  company. 

At  a  mating  of  the  stockholders  of  the  Little  Kanawha  Bridge  Companv,  called 
liy  the  president  and  directors  thereof,  and  held  at  the  office  of  Dr.  A.  G.  Clark,  in  the 
-city  >Df  Parkersburg,  W.  Va..  in  pursuauce  of  a  public  notice,  on  Wednesday,  the  3l8t 
day  of  December,  1879,  at  10  o'clock  a.  m. 

Present,  a  majority  of  stockholders  of  said  company,  representing  a  majority  of  the 
•capital  stock  thereof,  and  a  majority  of  the  votes  of  the  said  company. 

The  president  of  the  board  of  directors  explained  the  object  of  the  meeting,  and, 
on  motion  of  Dr.  A.  G.  Clark,  the  Hon.  Georae  Loomis  was  called  to  the  chair. 

On  motion  of  William  M.  Evans,  seconded  by  Henry  Logan,  it  was  unanimously 

**  Ruolvtdy  That  in  contemplation  of  the  proposition  for  the  construction  of  an  ioe 
harbor  in  the  Little  Kanawha  River  by  the  United  States,  and  in  view  of  the  fact,  in 
the  construction  of  such  ioe  harbor,  it  will  be  necessary  to  alter  the  present  bridge  of 
this  company  across  the  said  river  at  th^  city  of  Parkersburg  by  making  the  same  a 
draw-bridge,  this  company  hereby  gives  itaoonsent  to  such  altc^tions  on  the  following 
<;onditioiis : 

'^  If  the  crossing  of  the  sMd  bridge  shall  not  be  interrupted  more  than  ninety  days, 
then  this  company  will  reouire  no  consideration  as  compensation  for  the  said  bridge 
during  such  ninety  days ;  but  if  such  crossing  shall  be  interrupted  more  than  ninety 
•days,  then  this  company  to  be  paid  ($400)  four  hundred  dollars  per  month  for  the  time 
the  crossing  of  the  said  bridge  shall  be  so  interrupted  beyond  such  ninety  days.'' 

A  copy  from  the  minutes  uuder  the  seal  of  said  oridge  company  by  its  secretary. 

[seal.]  S.  C.  Shaw, 

Secretary  f  jrc. 
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Very  refirpectfully,  your  obedient  servant, 

V.    V  ROOM  AN, 

President  lAHle  Kanawha  Bridge  Cumpc 
Col.  W.  E.  Merrill, 

Major  Corps  of  Engineers ^  U.  8.  A, 
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Appendix  D. 
captain  e.  p.  chancellor  to  major  w.  k.  merrill,  corps  op  rnginekj 

ParkkrsbXjro,  December  13,  \% 

Dear  Sir  :  lu  compliauce  with  a  promise  made  some  time  ago,  although  a  little 
I  write  in  the  interest  of  steamboat  owners,  river  men,  and  shippers  on  the  C 
Ohio,  with  the  view  of  calling  your  attention  to  the  necessity  of  au  ice  harbor  ai 
small  cost,  at  the  mouth  of  the  Little  Kanawha  River.  This  is  probably  the 
remarkable  stream  emptying  into  the  Ohio,  as  it  is  the  only  one  of  any  size  oi 
Upper  Ohio  which  has  deep  water  at  all  times  at  its  mouth,  and  which  maintains 
depth  for  4  miles  to  the  first  dam,  giving  mooring  for  boats  for  8  miles  on  th< 
sioes  of  this  harbor.  This  dam  spoken  of  is  14  feet  high,  and  breaks  the  ice  as  it  p 
over,  and  renders  it  harmless  to  boats  below  it.  The  only  trouble  erer  ex])enei 
heretofore,  in  a  general  break  up,  has  been  in  the  Ohio ;  ice  in  large  cakes  stofi 
the  mouth  of  the  Kanawha,  and  gorging.  This  difficulty  has  been  obviated  to 
e^Ltent  by  the  building  of  the  ji^at  railroad  piers,  about  half  a  mile  above  in  the  < 
By  the  erection  of  three  additional  piers  between  the  bridge  piers  on  the  Yirj 
aide  it  would  entirely  protect  the  Kanawha  from  gorging,  and  render  the  harbo 
solutely  safe.  These  piers  would  have  a  tendency  to  stop  the  ice  early  at  this  p 
and  allow  the  ice  below  to  flow  out  and  give  open  navigation  through  the  wintt 
all  points  below,  and  give  boats  below  an  opportunity  of  making  the  harbor  of  a 
before  the  terrible  break  up  from  above  should  occur. 

It  would  be  necessary  to  raise  the  bridge  now  spanning  the  Kanawha  River,  si 
or  35  feet,  to  give  ample  room  for  boats  to  go  under  at  any  stage  of  water.  This  w 
be  better,  if  not  cheaper,  than  a  draw-bridge,  and  would  not  necessitate  the  erei 
of  piers  which  would  obstruct  navigation.  The  Kanawha  heads  south,  and  doe 
freeze  np  so  early  nor  so  heavy,  and  it  disappears  much  earlier  than  ice  in  the  Ob 
streams  heading  north.  There  have  been  more  or  less  steamboats  laid  np  fori 
the  mouth  of  this  river  for  the  last  forty  years,  or  since  the  invention  of  steaoib 
and  not  one  has  ever  received  the  slightest  injury.  This  proves  its  absolute  safe: 
a  harbor  for  the  protection  of  boats  from  the  destructive  ice  floes  which  occur  al 
every  wint-er  in  the  Ohio  River. 
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of  the  dam  before  lueiitioued  aud  the  erection  of  the  bndge  piers  in  the  Ohio,  and  I 
feel  well  assured  if  the  uiatteviH  understood  by  Congress  there  will  be  no  hesitation  in 
granting  the  necessary  funds  to  complete  it.  In  doing  so  there  will  be  no  necessity 
For  additional  outlay  in  all  time ;  no  dredging,  no  locks  to  keep  up,  no  superintendents 
to  pay,  and  all  this  at  probably  oue*tenth  the  expenditure  to  construct  an  effective  or 
safe  harbor  at  any  other  point. 

Hoping  that  your  views  may  not  be  at  variance  with  my  own,  and  that  you  may 
recommend  favorably  to  the  Little  Kanawha,  I  remain, 
Your  obedient  servant, 

E.    P.    CllANCKLLOR. 

Col.  W.  E.  Merrili^ 

Major  J  Corpa  of  KuffineevSf  l'.  S.  J. 


X  7. 

survey  of  green.  muddy,  and  barren  rivers,  kentucky. 

United  States  Engineer  Office, 

Cincinnati^  OhiOj  February  21,  1880. 

General:  The  river  and  harbor  act  approved  March  3, 1879,  directed 
the  following  surveys,  viz : 

Green  River  and  its  tributaries,  Muddy  and  Barren  rivers,  Kentucky. 

This  survey  was  assigned  to  me,  and  I  have  the  honor  to  submit  thereon 
the  following  report : 

The  drainage  basin  of  the  Green  River  and  its  tributaries  may  be  said 
to  lie  wliolly  in  the  State  of  Kentucky  as  its  overlap  into  Tennessee  does 
not  exceed  10  miles  at  the  maximum.  The  greatest  length  of  the  basin' 
is  175  miles,  and  the  direction  of  the  line  of  maximum  length  varies  very 
slightly  from  the  parallel  of  37^  25'  north  latitude.  The  maximum 
breadth  of  the.basin,  measured  on  the  meridian  of  86°  21'  west  longitude, 
is  90  miles.  The  total  drainage  area  is  approximately  10,000  square 
miles. 

Nearly  fifty  years  ago  the  Stat«  of  Kentucky  entered  very  actively 
upon  a  course  of  internal  improvement,  and  one  of  its  chief  undertakings 
was  the  improvement  by  locks  and  dams  of  the  Green  River  and  its 
principal  tribtitaries.  There  was  some  delay  in  beginning  work,  but  the 
first  contract  for  a  lock  and  dam  on  Green  River  was  made  in  December, 
1833.  The  lock  and  dam  in  question  was  that  at  Rurasey,  which  is  No.  2 
of  the  system.    It  was  first  oi)ened  to  navigation  in  December,  1837. 

In  1841  the  slackwater  system,  as  we  now  find  it,  was  finally  com- 
pleted and  opened  to  navigation.  It  consists  of  four  locks  and  dams 
on  the  Gre^n  River,  and  one  on  its  chief  tributary,  the  Big  Barren,  the 
five  giving  continuous  navigation  from  the  Ohio  River  to  Bowling  Green, 
Ky.,  a  distance  of  175  miles.  The  lowest  dam  is  at  Spottsville,  8J  miles 
above  the  confluence  of  the  Gre^n  with  the  Ohio,  but  backwater  from 
the  Ohio  gives  a  sufliciency  of  water  up  to  lock  No.  1. 

The  locks  and  dams  on  the  Green  and  Big  Barren  are  owned  by  the 
State  of  Kentucky,  and  were  managed  by  the  State  until  1868. 

In  1868  the  Green  and  Barren  River  Navigation  Company  was  char- 
tered by  the  legislature  of  Kentucky,  aud  to  this  company  the  State 
loaned  these  locks  and  dams  for  a  period  of  thirty  years.  The  preamble 
to  the  charter  gives  as  a  reason  for  this  action  that  the  works  had 
always  been  a  charge  upon  the  State  j  that  they  were  largely  in  debt, 
and  that  there  was  no  prospect  of  any  improvement.    [These  statements 
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are  positively  denied  by  the  opponents  of  this  charter.  They  ass^  that 
the  State  records  showed  at  the  time  of  the  lease  that  the  works  had 
returned  to  the  State  treasury,  above  the  cost  of  maintenance,  $45,357^L 
Since  then  the  general  government  has  paid  the  sum  of  $50,560.50  for 
the  use  and  injury  of  this  slackwater  during  the  war.  (See  Appendix  B.*)] 
The  company  was  to  collect  all  the  revenue  of  the  improvement,  and  tli^ 
only  consideration  required  was  that  the  works  should  be  kept  in  repair 
and  returned  to  the  State  in  good  condition  at  the  end  of  the  lease. 
The  company  was  likewise  empowered  to  own  and  operate  steamboat^ 
to  buy  and  sell  real  estate,  to  work  coal  mines,  to  de^l  in  the  prodaets 
of  the  country,  and  in  general  to  en  gage  in  any  business  that  they  might 
choose.    For  a  copy  of  their  charter  and  \t%  amendments  see  Appendix  A. 

It  will  at  once  be  apparent  that  the  navigation  company  is  not  only 
the  practical  owner  of  the  locks  and  dams  on  Green  and  Barren  RiverSf 
but  that  it  is  also  authorized  to  compete  for  the  business  of  transport- 
ing freight.  It  naturally  used  this  privilege,  and  the  necessary  resolt 
was  to  practically  drive  o£f  all  boats  except  those  owned  by  the  com- 
pany. There  are  but  two  regular  freight  and  passenger  steamboats  on 
this  line  of  slackwater,  and  they  belong  to  the  navigation  company. 

There  was  once  a  small  subsidiary  slackwater  navigation  on  Rough 
Creek,  built  by  a  stock  company  soon  after  the  war,  but  according  to 
Mr.  Baird  (see  Captain  Fitzhugh's  report),  the  high  tolls  charged  by 
the  navigation  company  compelled  the  abandonment  of  the  Hough  Creek 
slackwater  soon  after  Gre^n  River  was  leased  by  the  State. 

That  the  tolls  are  heavy  can  be  seen  at  once  from  a  perusal  of  the 
company's  charter.  They  are  based  on  the  custom-house  tonnuge  of  boats. 
.The  company's  passenger  boats,  the  Evansville  and  the  Bowling  Green, 
may  be  presumed  to  he  as  large  as  the  locks  will  pass.  Their  registered 
tonnage  is  159.6  and  183.57  tons  respectively.  The  total  tolls  on  sach 
a  boat  as  the  Bowling  Green,  on  a  trip  from  Evansville  to  Bowling  Green, 
would  therefore  be  as  follows : 

At  Spottsvillc  lock  (50  ceuts  per  ton) |91  7>J 

At  Ruoisey  lock  (30  cents  per  ton) r,5  07 

At  Rochester  lock  (20  ceuts  per  ton) :J6  71 

At  Woodbury  lock  (10  cents  per  t^n lc<  36 

At  Greencastle  lock  ( 10  cents  per  ton) 18  36 

Total  one  way,  $1.20  per  ton 220  * 

Total  tolls  for  round  trip,  |2.40  per  ton 440  56 

III  H4l4lirion  to  the  above,  the  company  is  authorized  to  collect  a  toll 
on  each  passenger,  but  the  rates  are  not  named  in  the  charter. 

A  boat  of  this  size  destined  for  Rough  Creek  would  pass  through  the 
two  lower  locks.  Its  trip  toll  would  therefore  be  $146.85,  and  its  round- 
trip  toll  $203.70. 

To  appreciate  the  burden  of  such  tolls,  let  us  compai'e  them  with  tlio* 
charged  on  the  Ohio  Biver  for  passage  through  the  Louisville  and  Port- 
land Canal. 

The  old  tolls  were  50  ceuts  per  ton.  Against  such  charges  the  coid- 
merce  of  the  river  protested  with  great  energy,  and  ultimately  succeeded 
in  getting  them  i^uced  to  their  present  rate  of  6^  cents'  per  ton  (rf 
nndertoniMbge,  As  the  undertonnage  is  only  about  one-half  of  the  ci» 
tom-house  tonnage,  the  actual  rate  on  the  basis  adopted  for  Green  Rim 
is  3J  rents  i>er  ton.  This  is  for  passing  through  two  miles  of  canal  and 
two  locks. 

•Omitted.     See  Senate  Ex.  Doc.  No.  116,  Forty-sixth  Congress,  second  session. 
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While  there  can  be  no  question  that  rates  that  would  suffice  on  the 
Ohio  would  be  too  small  for  the  Green,  it  is  yet  evident  that  the  di£fer- 
ence  is  too  great,  and  that  the  Green  River  tolls  are  excessive. 

This  monopoly  of  transportation  has  naturally  provoked  enmity  and 
opposition.  Strong  appeals  have  been  made  to  the  legislature  of  Ken- 
tucky to  repeal  the  company's  charter.  In  order  that  the  situation  may 
be  thoroughly  understoocl,  I  have  attached  copies  of  these  memorials 
and  of  the  response  of  the  navigation  company.  They  appear  as  Ap- 
pendixes B*  and  C*. 

Both  sides  are  so  fully  represented  by  their  advocates,  that  nothing 
need  be  added  by  me. 

The  fact  that  efforts  in  the  Kentucky  legislature  to  repeal  the  lease  of 
the  Green  River  locks  and  dams  failed  in  the  session  of  1877-'78  (the 
Kentucky  legislature  meets  biennially),  shows  that  the  present  condi- 
tion of  affairs  has  it«  supporters  and  defenders.  As  long,  therefore,  as 
the  people  of  Kentucky,  who  have  the  deepest  interest  in  the  matter, 
still  through  their  representatives  uphold  the  present  status,  it  does  not 
seem  to  me  that  the  United  States  is  called  upon  to  interfere.  But  inas- 
much as  the  Green  River  is  de  facto  a  river  that  is  cfosed  to  general 
commerce,  I  certainly  think  that  it  has  no  claim  upon  the  general  gov- 
ernment for  an  appropriation. 

These  are  but  individual  views,  and  as  Congress  might  decide  other- 
wise, the  cost  of  extending  the  present  slackwater  has  been  carefully 
computed : 

To  build  on  Greeu  River  eight  luore  luaHoury  lucks  with  timber  dams,  thus 

adding  84^  miles  to  the  jiresent  slackwater,  will  cost fi656, 144 

If  six  ofthesc  dams  are  masonry  instead  of  timber,  the  cost  will  be 714, 523 

To  build  on  Big  Barren  River  two  more  masonry  locks  with  timber  dams,  add- 
ing 24  miles  to  the  present  slackwater,  will  cost 178,661 

The  total  cost  on  both  rivers,  if  all  the  dams  are  of  timber,  will  therefore  be . .  834, 805 

The  total  cost  on  both  rivers,  if  six  of  the  ten  dams  are  of  masonry,  will  be . .  893, 184 

For  details  reference  is  made  to  the  accompanying  report  of  Captain 
Fitzhugh,  who  made  the  survey  and  estimates. 

No  examination  was  made  of  Muddy  Eiver,  as  I  received  official  infor- 
mation that  it  was  not  desired  by  the  parties  at  whose  instance  the  sur- 
vey of  the  Green  was  ordered. 

For  such  commercial  statistics  a«  could  be  obtained,  reference  is  made 
to  Appendix  D. 

An  interesting  descriptive  letter  from  General  D.  C.  Buell  is  attached 
as  Appendix  E  *. 

This  report  is  accompanied  by  two  general  maps  of  Green  and  Bar- 
ren rivers,  respectively,  and  by  13  detailed  maps  of  lock  sites. 

Respectfully  submitted. 

Wm.  E.  Meerill, 
Major  of  Engineers. 

(Jen.  H.  G.  Weight, 

Chief  of  Engineers^  U.  S.  A. 

*  Omitted.     See  Senate  Ex.  Doo.  No.  116^  Forty-sixth  Congress,  second  session. 
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REPORT  OF   MR.    R.    II.    FITZHUGH,   ASSISTANT    EXCilNKKR. 

Frankfort,  Ky.,  January  *28,  IB*. 

Sir:  I  have  the  honor  to  snbniit  the  following  report  upon  the  results  of  the  snnn 
of  the  Green  River  and  its  tributaries : 

Thin  work  was  begun  under  your  direction  about  the  middle  of  September  lMt<,  ind 
concluded  on  the  29th  day  of  November  following.  In  this  time  15^  miles  of  gurvfy 
were  made  on  Big  Barren  River,  79^^  miles  on  Green  River,  8  miles  on  Nolin  River,  and 
6  miles  on  Bear  Creek. 

These  several  lines  of  survey  followed  a«  closely  as  possible  the  banks  of  the  streaoH. 
and  they  furnish  correct  data  concerning  the  meanderings  and  the  topog^phicil 
characteristics  of  the  wat^r-courses  in  question. 

In  the  leveling  department  two  locks  and  dams  wer«^  located  on  Big  Barrrn 
River,  two  tlifferent  localities  being  examined  for  the  lower  lock.  Ou  Green  River 
eight  locks  and  dams  were  locat-ecl,  and  alternate  sites  were  examined  for  each  of  thr 
first  two  locks. 

In  the  designation  of  the  projiosed  new  works,  the  numbering  of  the  existing  locks 
and  dams  has  been  continued.  The  existing  slackwater  extends  from  Si>ottsvilie,  ^ 
miles  above  the  month  of  Green  River,  to  Bowling  Green,  on  the  Big  Barren.  It 
consists  of  five  dams,  of  which  four  are  on  the  Green  and  one  on  iC8  tributary-,  the  Big 
Barren.  They  are  numbered  as  you  ascend  the  river,  and  are  desigiiatetl  as  Nos.  1, 2,  X 
and  4  of  Green  River,  and  No.  1  of  Big  Barren. 

The  levels  on  Bi^  Barren  were  all  referred  to  the  normal  surface  of  pool  No.  1  of  Big 
Barren.  On  Green  River  they  were  referred  to  the  normal  anrfaee  of  pool  No.  4  of 
Green  River.  The  low-water  surfaces  of  these  tw^o  pools,  which  are  uppermost  on  the* 
two  rivers,  were  the  starting  points  of  the  levels  on  the  extensions. 

In  comparing  the  results  of  the  survey  ma^le  in  the  j'ear  1835  by  the  State  of  Ken- 
tucky with  those  just  obtained,  I  find  the  following  disagreements.  The  distance  on 
the  Big  Barren  from  Double  Springs  to  the  mouth  of  Drake's  Creek  is  12  miles  accord- 
ing to  the  old  survey,  and  13.8  miles  according  to  the  new.  The  latter  measurement  is 
correct,  as  was  proven  by  a  check  line  run  so  as  to  connect  the  termini  of  the  snrvey. 
The  distance  on  Green  River  from  the  mouth  of  Bear  Creek  to  the  mouth  of  the  Little 
Barren  is  77.5  miles  by  the  old  survey  and  79.25  miles  by  the  new  ;  this  difference  can 
easily  be  accounted  for  on  the  supposition  that  one  line  conformed  more  nearly  than 
the  other  to  the  margin  of  the  river.  Having  no  means  of  determinini^  the  planes  of 
reference  used  in  the  old  work,  I  cannot  report  definitely  the  dilference  in  the  levels 
of  the  two  surveys,  but  as  betWeen  given  points  I  find  minor  disagreements  all  along 
the  line  of  survey,  resulting  in  a  dinerence  of  3.75  feet  in  the  rise  firom  the  mouth  erf 
Bear  Creek  to  the  mouth  ofJLittle  Barren,  a  distance  of  79^  mile«.  Having  run  no  Wet 
levels,  I  cannot  say  that  the  recent  work  is  free  from  error.  But  as  a  negative  area- 
men  t  in  favor  of  the  late  work,  it  may  be  proper  to  state  that  I  found  in  the  section 
embraced  between  Dam  No.  4  of  Green  River  and  the,p[iouth  of  Nolin  River  a  seeming 
error  of  6.5  feet  in  the  old  survey.  According  to  the  levels  reported  at  the  time  cJ 
construction,  the  existing  dam  No.  4  should  have  given  \\  feet  of  pool  water  at  the 
mouth  of  Nolin.  In  fact,  it  does  not  reach  the  plane  of  the  low-crater  snrface  at 
that  point  by  5  feet.  And  yet,  as  before  indicated,  bein^  ignorant  of  the  datum  heights 
of  that  survey,  I  an  unwilling  to  pass  judgment  upon  its  accuracy. 

The  work  of  selecting  and  examining  sites  for  locks  and  dams  was  prosecuted  as 
nearly  as  practicable  in  the  manner  generally  prescribed  in  yonr  letter  of  instmctions. 

Except  in  the  case  of  the  two  dams  next  below  the  Mammoth  Cave,  the  lifts  werv 
made  12  feet  each. 

The  locations  of  the  dams  were  determined  by  considerations  of  ample  width  and 
straightness  of  river,  depth  of  water-cushion  l>elow  the  dam,  and  character  of  bottom 
and  banks.  Whenever  the  question  of  tributary  navigation  was  involved,  I  endea?- 
ored  to  meet  the  demands  of  the  case  by  locating  alternate  dams,  one  in  each  instance 
being  below  the  mouth  of  the  stream  to  be  thus  rendered  navig^able.  In  the  partico- 
lar  examination  of  each  site,  from  four  to  ten  transverse  sections  of  the  river  were 
taken,  100  feet  apart,  by  means  of  a  line  marked  every  25  feet  and  stretched  across  th« 
river;  along  this  line  soundings  of  the  water  were  taken  at  each  tag  and  recorded. 
The  character  of  the  bottom  was  tested  by  means  of  a  drill  12^  feet  long,  which  wa» 
driven  to  the  rock,  or  as  deep  as  it  could  be  forced  into  the  compact  strata  below. 
Three  or  more  of  these  borings  were  made  on  edch  section ;  and  in  every  case  the  out- 
line of  the  rock  was  determined  where  it  existed  at  all.  These  cniss-sections  were 
continued  to  a  height  of  20  or  30  feet  above  the  water  surface  on  either  bank ;  and  ia 
cases  where  slips  had  occurred,  the  depth  to  the  underlying  rock  was  ascertained  » 
accurately  as  was  practicable  under  the  circumstances. 

By  such  means  tne  site  for  dam  No.  2  on  Big  Barren  River  was  located  at  Under- 
wood's Ferry,  three-fourths  of  a  mile  below  the  Bowling  Gret^n  steamboat-landing, 
with  an  alternate  location  just  below  the  Warren  County  Iron  Bridge,  one-third  of  a 
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mile  above  siud  landing.     Dam  No.  3  was  located  600  feet  above  tlie  mouth  of  Drake's 
Creek,  14f  miles  above  No.  2. 

On  Green  River,  dam  No.  5  was  located  at  Floyd's  Landing,  20^  miles  above  No.  4, 
with  an  alternate  location  2,000  feet  below  the  mouth  of  Bear  Creek  and  18  miles  above 
No  4.  No.  6  was  fixed  at  a  point  H  udles  below  the  mouth  of  Buffalp  Creek,  with  an 
alternate  location  just  below  the  n^outh  of  Noliu  River,  13  mi\es  above  No.  5  and  3^ 
miles  below  No.  6.  Dam  No.  7  was  located  1  mile  above  Mammoth  Cave  and  11  miles 
above  No.  6.  Dam  No.  8,  at  Saunders's  Ripple,  10  miles  above  No.  7.  Dam  No.  9,  at 
Hazelip's  Bend,  9  miles  above  No.  8.  Dam  No.  10,  at  the  head  of  the  island,  three- 
quarters  of  a  mile  above  Munfordville  and  7^  miles  above  No.  9.  Dam  No.  11,  at  a 
point  600  feet  above  the  Burnt  Bridge,  at  the  crossing  of  the  Bardstown  and  Glasgow 
Turnpike,  and  10^^  miles  above  No.  10.  Dam  No.  12,  half  a  mile  above  the  mout^  of 
Lynn  Camp  Creek. 

The  pool  created  by  the  present  dam.  No.  1,  on  Big  Barren  River,  extends  4  miles 
above  tne  Bowling  Green  Landing,  ending  at  the  apex  of  a  horseshoe  bend,  which  in- 
closes a  peninsula  10  miles  around.  Through  the  neck  of  this  peninsula  there  seems 
to  be  an  underground  passage  for  a  portion  of  the  water  of  the  river.  The  issue  of  a 
copious  stream  of  water,  known  as  the  Double  Spring,  inmiediately  above  the  Bowl- 
ing Green  Landing,  cannot  be  accounted  for  upon  any  other  hypothesis.  This  water  is 
unlike  that  which  flows  from  other  springs  in  the  vicinity,  and  in  taste  and  tempera- 
ture is  almost  identical  with  that  of  the  river.  But,  beyond  this,  the  sympathetic 
fluctuations  of  these  springs  with  the  wat^^r  surface  of  the  river,  and  the  absence  of 
any  sufficient  watershed  to  supply  such  a  flow,  afford  almost  conclusive  evidence  that 
the  source  is  a  hi|^her  level  of  the  river  itself.  Just  above  this  issue  of  wat«r  there  is 
a  shoal  some  600  leet  in  length,  on  which  there  is  a  depth  of  but  2^  feet  in  the  dry  sea- 
son. 

There  is  Sk  partial  objection  on  the  part  of  the  Green  and  Barren  Navigation  Com- 

1>any  to  the  site  at  Underwood's  Ferry,  because  of  the  inconvenience  of  haviuj^  a 
ock  just  below  their  Bowling  Green  lauding.  To  aflbrd  an  opportunity  of  meetmg 
this  objection,  and  for  the  purpose  of  submitting  to  your  consideration  a  choice  of 
sites  at  this  important  point,  I  made  a  careful  examination  of  the  river  and  its  bed- 
formations  at  tlie  head  of  the  shoal  just  mentioned.  In  respect  to  width  and  suit- 
ability of  blufls  no  objection  can  be  urged  against  this  locality ;  but,  having  found  no 
rock  anywhere  in  the  whole  width  of  the  river,  by  means  of  a  rqd  driven  12  feet  into 
the  formation  below,  I  would  be  loath  to  select  this  as  a  point  for  the  location  of  a 
lock  and  dam;  for  the  sufficiency  of  an  artificial  foundation  for  a  lock  can,  after  all, 
only  be  determined  by  the  practical  working  of  the  lock  itself.  Another  and  very  seri-  ^ 
oas  objection  is  the  probability,  which  almost  amounts  to  a  certainty,  that  the  un- 
derground passage  through  the  peninsula  would  so  draw  down  the  pool  under  the 
influence  of  the  additional  head  that  it  would  be  impossible  to  keep  it  full  in  the  dry 
seasfin. 

For  these  reasons  I  was  reluctantly  compelled  to  select  Underwood's  Ferry  as  the 
only  available  site  for  lock  and  dam  No.  2.  At  this  location,  although  there  is  no  con- 
tinuous rock  bottom,  the  conditions  are  otherwise  very  favorable  for  the  construction 
of  a  dam.  No  little  difficulty,  however,  must  be  encountered  in  the  founding  and 
erection  of  the  lock  walls,  the  bottom  of  which  will  probablv  rest  upon  rock  at  a 
depth  of  14  feet  below  the  normal  surface  of  the  existing  pool  No.  1.  On  the  other 
side  they  will  encroach  heavily  upon  the  low  rock  blufl'  constituting  the  left  bank  of 
the  river.  The  extent  of  these  difficulties  can  be  best  appreciated  by  reference  to  the 
estimates  which  accompany  this  report,  and  by  an  examination  of  the  plat  for  that 
site. 

In  the  selection  of  a  site  for  dam  No.  3  on  Big  Barren  River,  I  was  governed  solely 
by  considerations  of  the  fitness  of  physical  conditions.  At  first  vit)w,  it  seemed  desira- 
ble to  place  the  dam  at  the  mouth  of  Drake's  Creek,  so  as  to  aflbrd  to  that  tributary 
all  attainable  navigation ;  but  having  ascertained  that  the  lift  of  water  which  would 
be  thus  occasioned  would  cause  the  overflow  of  the  bottom  lands  along  the  creek,  and 
that  it  would  aflbrd  but  a  few  miles  of  unimport>ant  navigation,  I  abandoned  the  idea 
and  selected  the  site  above  the  creek.  On  this  portion  of  Barren  River  I  have  been 
unable  to  find  any  place  at  which  a  r«)ck  bottom  extends  entirely  across  the  river,  nor, 
indeed,  could  I  find  a  place  where  it  extended  far  enough  out  to  give  room  for  a  lock 
without  cutting,  to  some  extent,  into  the  contiguous  blufls.  How  far  it  is  judicious  to 
chamber  into  the  blufls  rather  than  go  to  the  deeper  rock  bottoms  farther  out  in  the 
river,  is  a  question  that  can  only  be  determined  by  investigations  of  the  most  critical 
character.  For  myself,  I  woulci  '*  rather  bear  those  ills  we  have,  than  fly  to  others 
that  we  know  not  of." 

On  this  principle  I  have  chosen  to  encroach  so  far  on  the  rocky  blufls  as  to  permit 
the  outer  lock  walls  to  rest  upon  the  rock  bottoms.  A  glance  at  the  plats  of  the  dam- 
sites  will  show  how  far,  in  each  case,  it  is  designed  to  cut  into  the  bluff'.  The  narrow- 
ness of  the  river  at  the  Drake's  Creek  site  is  an  objection,  but  it  could  not  be  obviated 
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hy  going  elsewhere,  except  at  the  sacrifice  of  other  more  important  conditions,  fochsi 
straightness  of  river  and  rock  bhiff  and  bottom. 

Beyond  the  mouth  of  Drake's  Creek  the  survey  was  continued  but  one  mile,  ptrtly 
because  it  was  Hionght  more  important  to  devote  the  remainder  of  the  Umited  Mm 
allotted  to  this  work  to  the  examinations  of  Qreen  River,  but  mainly  because  sncli  a 
course  was  more  in  harmony  with  the  tenor  of  the  general  instnictions  which  wereti 
l^uide  me  in  the  execution  of  this  work. 

On  Green  River  it  was  my  purpose  to  have  located  dam  No.  5  below  the  moatb  of 
Beta  Creek,  so  as  to  have  given  a  maximum  amount  of  navigation  to  that  stream,  bit 
examinations  below  the  month  of  the  creek  satisfied  me  that  no  desirable  location  ccoU 
be  found.     Where  the  alignment  of  the  river  was  satisfactory,  rock  bottoms  could  noi 
be  found ;  and  where  rock  was  found  the  river  was  too  crooked  or  too  narrow.    Maiatr 
for  these  reasons,  I  discarded  the  idea  of  ti*ying  to  benefit  the  navigation  of  Bear  Crew 
as  a  prime  consideration,  and,  going  above,  fixed  the  site  at  Floyd's  Landing,  not  far 
from  the  head  of  the  pool  created  by  the  present  dam  No.  4.     ThiiS  point  is  two  siiki 
above  the  mouth  of  Bear  Creek,  and  20^  miles  from  dam  No.  4.     After  making  this 
selection,  I  was  g^tified  to  learn,  from  the  reports  of  1836,  that  identically  the  moM 
site  had  been  determined  upon  by  Alonzo  Livermore,  the  enginc»er  at  that  time  is 
eharge  of  the  slackwater  improvement  of  the  Green  and  Barren  rivers.     Experiments 
made  then  led  to  the  belief  that  rock,  at  a  feet  few  below  the  gravel  l)ed,  stretched 
entirely  across  the  river.     The  result  of  my  investigations,  however,  did  not  fully  eoo- 
firm  tlus  opinion.     I  found  rock  extending  out  about  75  feet  from  the  right  shore,  bat 
beyond  that  I  bored  for  it  in  vain  to  a  depth  of  10  feet.    There  is  room  here  for  found- 
ing the  lock  on  solid  rock  without  having  to  encroach  materially  npgn  the  bluff.    The 
river  is  nearly  straight,  the  bluff  on  the  right  side  is  high  and  rocky,  and  on  the  left 
side  the  bank  constitutes  the  termination  of  a  bottom  about  one-fourth  of  a  mile  wide 
and  40  feet  high.    The  depth  of  pool  No.  4  at  this  point  is  6  feet,  and  it  affords  a  good 
eushion  from  tlie  overflow  of  the  proposed  dam. 

The  alternate  for  this  site  was  locateid  in  the  wide,  straight  stretch,  which,  beginning 
at  the  mouth  of  Bear  Creek,  extends  for  a  distance  of  three-fourths  of  a  mile  below. 
Soundings  and  borings  made  here  developed  a  very'favorable  condition  of  water  depth, 
but  no  rock  was  discovered  auywhereon  tne  bottom  or  thebankN.  The  gravel,  however, 
which  constitutes  the  bottom  formation,  is  hard  to  penetfate,  being  very  compact  and 
uuyieldiug,  and  might  with  some  artificial  assistance  be  made  a  satisfactory  foundation 
for  both  lock  and  dam.  With  such  a  presentation  of  the  case  you  may  the  better  decide 
upon  the  expediency  of  entering  upon  the  development  of  the  resources  of  coal,  iron, 
•  and  timber  on  Bear  Creek  by  the  adoption  of  this  site  for  dam  No.  5.  Dam  No.  6ii 
located  1^  miles  below  the  mouth  of  Bnffalo  Creek  on  the  straight  stretch  :i,000  feet 
long.  At  the  dam-site  the  river  is  170  feet  wide,  with  a  bold,  high  rock  bluff  on  the 
left  side,  and  an  alluvial  bank  30  feet  high  on  the  right  side.  Here  the  river  rests  upon 
a  rock  bottom  all  the  way  across,  with  a  depth  varying  from  0  to  6  feet  below  the 
gravel  covering.  As  in  every  case  so  far  mentioned,  the  lock  at  this  site  is  located  on 
the  bluff  side.  This  is  done  primarily  because  of  tne  convenience  of  the  position  of 
the  rock,  but  also  because  I  am  informed  bv  the  superintendent  of  the  Green  and 
Barren  Navigation  Company,  C'apt.  John  A.  Robinson,  that  his  active  experience  of 
twenty  years  or  more  on  these  rivers  satisfied  him  that  the  current  side,  which  ii 
usually  the  bluff  side  of  the  river,  is  in  all  respects  the  best  for  the  location  of  the 
lock,  principally,  he  says,  on  account  of  the  advantage  derived  fix)m  the  scooring  action 
of  the  water,  which  keeps  the  chutes  cleaned  out.  The  normal  depth  of  water  at  Ihii 
point  is  .5  feet,  which  will  be  augmented  by  4  feet  due  to  the  dam  below,  and  thus  we 
will  have  a  cushion  of  9  feet.    . 

As  an  alternate  for  this  site,  and  in  order  to  effect  the  greatest  extent  of  navigatioa 
on  Nolin  River,  I  made  a  location  just  below  the  mouth  of  that  stream.  The  river 
along  her**  is  quite  direct,  and  has  a  width  of  170  feet  at  a  very  low  stase.  On  the 
right  side  there  rises  up  a  steep  bluff  of  rock ;  on  the  left  side  the  bank  is  'M  feet  high, 
and  is  entirely  alluvial  in  its  character.  Rock  is  found  to  extend  75  feet  out  from  the 
right  shore,  thus  affording  room  for  the  founding  of  the  lock-walls.  The  depth  of 
gravel  over  the  rock  varies  from  nothing  to  5  feet ;  the  depth  of  the  water  at  a  \&ir 
stage  is  5  feet,  making,  with  the  backwater  from  pool  No  5,  an  ultimate  cushion  of  1215 
feet.  The  chief  objection  to  building  at  this  point  is  the  increased  height  to  which  it 
would  be  necessary  to  raise  the  dam,  being  3  leet  more  than  would  be  required  at  the 
upper  site  to  reach  the  same  height  of  pool. 

Dam  No.  7  is  located  1  mile  alK>ve  the  Mammoth  Cave,  near  the  upper  end  of  a  high 
narrow  island  about  one-half  a  mile  long.  Here  we  find  every  condition  necessary  to 
a  perfect  site  .for  a  lock  and  dam.  The  river  is  straight  and  wide,  with  a  rock  bluff  os 
either  side.  Rock  bottom  was  found  as  far  (mt  as  could  be  tested  by  the  limited  means 
necessarily  incident  to  such  a  survey  ;  that  it  constitutes  the  entire  bod  of  the  river  st 
this  site,  I  think  is  a  most  reasonable  and  safe  inference.  The  island  is  separated  from 
the  right  bank  of  the  river  by  a  long,  perfectly  straight  chute,  about  40  feet  wide  at 
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low- water  mark,  and  containing  at  low  stage  a  depth  of  2  feet.  In  this  chute  a  rock 
bottom  was  strnck  after  penetrating  an  overlying  bed  of  (gravel  some  6  feet  in  thick- 
ness. The  river  at  this  point,  including  the  width  of  the  island  and  chute,  is  500  feet 
wide.  After  the  lower  pool  shall  have  been  created,  this  dam  will  have  a  water  cush- 
ion of  12  feet  across  the  channel  of  the  main  stream,  and  otherwise  will  have  an  island 
baeking  gradually  rising  to  the  full  heip^ht  of  the  dam.  To  reach  this  point  dams  Nos. 
5  and  6  were  each  designed  for  lifts  ot  13f  feet,  by  which  arrangement  the  mouth  of 
the  stream  discharging  from  the  Mammoth  Cave  was  passed  at  as  low  a  level  as 
was  practicable  without  a  resort  to  expensive  dredging.  From  trial  levels  run  first 
from  the  surface  of  low-water  in  Green  Kiver  up  to  the  mouth  of  the  cave  and  then 
down  to  the  surface  of  the  lowest  water  in  the  cave  I  find  the  rise  to  the  month  of  the 
cave,  and  the  descent  in  the  cave,  to  be  in  each  case  about  229  feet,  thus  showing  that 
the  river  and  the  cave  waters  are  on  the  same  level.  The  outctide  work  was  tested  and 
found  to  be  correct;  that  in  the  cave  may  be  in  error  a  few  tenths,  on  account  of  the 
difficulty  of  running  an  accurate  line  through  the  tortuous  passages,  but  the  result 
cannot  be  greatly  inaccurate,  as  was  sufficiently  tested  by  a  rapid  proof  line  run  over 
a  different  route.  A  careful  observati<m  of  the  effects  of  a  slight  rise  in  the  Green 
Biver  convinces  me  that  no  material  damage  to  any  route  in  the  cave  will  result  from 
the  slack wat^'r  herein  contemplated. 

Dam  No.  8  is  located  at  the  head  of  Saunders's  Ripple,  and  at  the  upper  end  of  a 
small  island.  Here  the  river  is  straight  for  fully  1,000  feet  each  way,  and  it  is  gener- 
ally 200  feet  wide.  The  rock  bluff  on  the  right  side  rises  boldly  to  a  height  of  over 
200  feet;  on  the  left  the  alluvial  bank  attains  a  height  of  30  to  40  feet.  Because  of 
the  strong  cun*ent  in  the  river  at  the  time  of  this  examination,  and  on  account  of  the 
difficulties  of  boring  through  the  gravel,  I  did  not  succeed  in  penetrating  to  the  rock 
anywhere  in  the  bed  of  the  river ;  but  having  found  it  on  both  sides  near  the  margin 
of  the  water  at  a  maximum  depth  of  7  feet  below  the  surface  of  the  overlying  gravel, 
it  is  quite  probable  that  it  will  be  found  within  reach  across  the  entire  width  of  the 
river.  Although  I  had  desijped  the  lock  for  the  nght  bank,  yet  there  would  seem  to 
be  no  difficnlty  here  in  locating  it  on  either  side.  The  water  cushion  for  this  dam  will 
be  7  feet. 

Dam  No.  9  is  located  near  the  apex  of  Hazelip's  Bend,  at  the  head  of  a  ripple,  and 
at  the  upper  end  of  what  is  known  as  Boat  Island.  This  point  is  favorable  for  the 
construction  of  a  dam,  because  there  is  underlying  a  covering  of  3  or  4  feet  of  gravel,  a 
continuous  rock  bottom,  admitting  of  the  founding  of  the  lock  on  either  side  of  the 
river.  Following  my  invariable  rule,  I  have  in  this  case  also  located  the  lock  on 
the  bluff  side  of  the  river,  which  is  here  the  left  bank.  But  should  it  ever  be  thought 
expedient  to  allow  a  wider  channel  for  the  jiassage  of  the  water,  it  might  be  found 
practicable  to  ptish  the  lock  wall  into  the  allu vial  bank  on  the  ri^ht  shore,  and  still 
rest  it  upon  a  rock  foundation.  The  river  being  practically  straight,  the  du^ction  of 
the  current  is  favorable  to  either  location. 

Dam  No.  10  is  designed  for  a  site  three-fourths  of  a  mile  above  the  ferry  at  Muinford- 
ville,  where  the  river  is  200  feet  wide.  As  in  the  case  of  the  site  immediately  preced- 
ing, this  location  is  on  a  ripple  at  the  head  of  a  long  island ;  here  also  we  find  a  con- 
tinuous rock  bottom  from  1  to  5  feet  under  the  gravel.  The  rock  bluff  rises  quite  ab- 
ruptly from  the  right  shore,  and  on  the  left  shore  we  find  the  almost  invariable  sedi- 
mentarv  flat  standing  from  30  to  40  feet  above  low-water.  This  dam  is  located  near 
the  middle  of  a  straight  stretch  several  thousand  feet  in  length,  and  in  a  natural  depth 
of  water  at  lowest  stage  of  3^  feet ;  which,  being  augmented  by  the  addition  of  4i  leet 
from  pool  No.  9,  gives  8  feet  of  water  on  the  lower  side  of  the  dam.  The  lock  is  located 
on  the  right  bank. 

Dam  No.  11.  In  making  this  location  I  had  to  choose  between  two  points  of  about 
eanal  merit,  one  being  just  above  and  the  other  just  below  the  burnt  bridge  or  crossing 
oi  the  Bardstown  and  Glasgow  Turnpike.  After  balancing  natural  advantages,  I  was 
determined  in  favor  of  the  upper  site  by  considerations  effecting  the  milling  interests 
existing  at  this  point.  The  dam,  if  located  above,  does  no  harm ;  if  below,  it  would 
caose  the  drowning  out  of  one  of  the  mills,  with  little,  if  any,  compensating  advan- 
tage. The  depth  of  water  here  at  lowest  stage  is  from  3  to  6  feet ;  tne  bottom  is  rock 
underlying  from  0  to  6  feet  of  gravel.  On  the  right  bank  the  mountain  descends 
rapidly  to  the  river,  forming  almost  a  cliff  of  rock.  The  left  bank  is  of  alluvial  for- 
mation, and  not  so  nigh  as  nsual,  being  25  feet  above  low-water.  If  dam  No.  10  wero 
in  existence  there  would  be  here  a  water  cushion  8  feet  in  depth.  The  river  curves 
gently  in  a  uniform  width  of  175  feet.    The  lock  is  located  on  the  right  side. 

Dam  No.  12  is  located  at  Harlow^s  Ripple,  half  a  mile  above  Lynn  Camp  Creek. 
Here  I  found  the  whole  volume  of  the  river  running  in  a  channel  75  feet  wide  and  1 
foot  deep.  The  dam  is  designed  to  occupy  a  position  just  above  tills  narrow  channel, 
where  there  is  a  depth  of  3  feet  of  water  in  tne  dryest  season.  A  rock  bottom  under 
the  gravel  covering,  which  varies  in  thickness  fh)m  0  to  3  feet,  extends  oot  from  the 
left  shore  to  a  distance  of  from  75  to  125  feet,  as  deteimined  by  the  trying^rod.    Under 
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a  more  sesrchiDg  test,  I  am  of  the  opinion  that  the  rock  bottoms  will  be  foand  to 
extend  to  a  uniform  distance  of  125  feet  or  more,  and  that  nowhere  will  the  grtTri 
covering  exceed  10  feet  in  depth. 

With  pool  No.  11  full,  there  will  be  a  depth  of  6  feet  of  wat«er  on  the  lower  side  of 
this  dam.  At  this  point  the  river  is  full  200  feet  wide,  and  straight  for  1,000  feet  ahoTe 
and  below.  The  bluff  on  the  left  side  is  very  precipitous,  and  presents  an  almost  bare 
face  of  rock.  The  right  bank  is  the  termination  of  what  was  once  a  series  of  islaiKU, 
now  joined  one  to  another,  and  so  extending  to  the  mainland.  This  formation  is  no- 
where along  the  river  margin  less  than  25  feet  above  low-water  level,  and  I  regard  it 
as  being  as  safe  an  anchorage  for  the  end  of  the  dam  as  the  average  alluvial  l^nk  of 
the  mainland.  The  lock  is  located  close  in  to  the  bluff  on  the  left  side.  The  pool 
created  by  this  dam  will  add  11  feet  to  the  depth  of  the  water  at  the  month  of  Little 
Barren  at  its  lowest  stage ;  and,  ac<M)rding  to  the  survey  of  1835,  it  will  extend  np  the 
Green  River  to  a  point  4  miles  above  the  confluence  with  Little  Barren  and  np  the 
Little  Barren  for  a  distance  of  2}  miles. 

Here  the  survey  was  discontinued  on  the  13th  day  of  November,  on  account  of  the 
lateness  of  the  season.  But  even  had  the  season  permitted,  it  is  qnestionable  whether 
it  would  have  been  judicious  to  have  much  further  ext'Cnaed  examinations  upon  the 
headwaters  of  a  stream  which  are  descending  at  the  rate  of  2  feet  per  mile  on  the 
main  branch,  and  3  feet  per  mile  on  its  principal  tributary,  the  Little  Barren.  In  the 
jK>ssible  further  prosecution  of  this  survey  at  some  future  day,  it  may  be  found  advisa- 
Die  to  estimate  for  slackwater  as  high  up  as  Greensburg,  the  county  seat  of  Green 
County,  which  is  situated  on  the  river  25  miles  above  the  mouth  of  Little  Barren;  bat 
of  this  you  will  be  enabled  the  better  to  judge  after  examining  the  evidence  herein 
contained. 

The  accompanying  tables  give  the  chief  results  of  all  the  recorded  surveys  that  have 
ever  been  made  on  Green  River  and  its  tributaries.  The  titles  of  the  tables  sufficiently 
indicate  their  contents.  Table  E  has  been  prepare<l  in  order  to  show  the  cost  of  using 
masonry  instead  of  crib  dams  at  sites  Nos.  6,  7,  o,  9, 10,  and  11  on  Green  River.    The«e 

{)oints  have  been  selected  for  stone  dams  because  of  the  presence  of  coniinnons  rock 
)ottoms  at  available  depths.  As  a  convenient  and  safe  basis  of  calcalations  for  this 
character  of  dam,  I  have  adopted  the  rectangular  section  with  a  thickness,  in  eveir 
ciise,  equal  to  the  lift  of  the  lock.  In  constructing,  this  section  will  admit  of  snch  re- 
ductions as  raav  be  thought  judicious.  I  think  tnat  building-stone  of  a  satisfactory 
character  may  l>e  found  at  no  great  distance  from  each  of  the  sites  in  qnestion.  In- 
dee<l,  in  the  matter  of  building-materials  generally,  I  see  no  grounds  for  apprebendine 
any  difficulty.  In  this  department  no  special  investigations  were  made,  bnt  enoogh 
was  observed  in  the  varietv  of  limestones  everywhere  present  to  satisfy  me  that  good 
material  for  every  description  of  stone  work  necessary  to  this  improvement  might  be 
readily  had.  On  the  river  banks,  or  in  close  proximity  thereto,  timber  of  the  requisite 
size  and  character,  may  be  found  always  convenient.  • 

The  character  of  dam  upon  which  the  general  estimate  has  b(^en  made  is  a  modifies* 
tion  of  the  ordinary  crib- work,  having  an  upper  slope  with  a  base  of  16  feet,  and  a 
lower  slope  always  reaching  to  the  surface  of  the  pool  below,  with  an  inclination  of  1 
on  4.  Thus  the  total  width  of  the  base  of  the  dam  is  from  64  to  70  feet,  according  as 
the  lift  is  12  or  13|  feet.  These  dams  are  designed  to  be  of  round  logA  not  less  than  1 
foot  in  diameter,  built  in  pens  8  feet  square,  and  bolted  together  with  l^inch  round 
iron.  The  pens  are  to  be  tilled  with  broken  stone  or  large  gravel,  and  the  whole  dam 
is  to  be  backed  with  sand  calculated  to  a  slope  of  1  on  3. 

The  locks  are  designed  to  be  built  of  ashlar  and  good  ranged  rubble  masonry:  5^ 
feet  from  the  inner  faces  being  taken  as  the  average  thickness  of  the  ashlar,  and  the 
rest  of  the  walls  as  rubble.    As  instructed  by  you,  I  have  estimated  for  1«)cks  of  the 
same  capacity  as  those  existing  on  this  river,  and  in  full  recognition  of  the  value  of 
the  guide  of  experience,  I  have  very  freely  referred  to  theoriffinal  manuscript  sjKicifi- 
cations  for  the  old  works  (luckily  in  mv  possession),  upon  wuich  locks  now  standing 
in  all  of  their  integrity  were  constructed  nearly  forty-five  years  ago.     The  dimensions 
of  these  locks  are  as  follows :  Length  of  chamber  between  hollow  qnoins,  160  feet : 
width  of  chamber,  36  feet ;  total  leugth  of  lock  walls,  214  feet ;  river  wall,  12  feet 
thick  with  vertical  faces ;  land  wall,  12  feet  at  bottom,  6  at  top  firom  recesses  to  end« 
of  wall,  and  4  feet  between  recesses.     I  have  estimated  for  gates  and  fixtures  similar 
to  those  at  present  used  on  this* river,  but  shall  submit  with  this  report  a  sketch  of  an 
improved  gate,  the  device  of  Capt.  John  A.  Robinson,  the  superintendent  of  the  Green 
and  Barren  Navigation  Company.     He  assures  me  that  he  is  now  using  this  gate  with 
great  satisfaction. 

The  substitution  pf  iron  plates  for  miter  and  heel  posts,  and  the  collar  arrangement 
by  which  the  gate  swings,  seem  to  be  the  chief  points  of  merit.  It  strikes  me  as  bein^ 
acompact,  simple  construction,  of  many  excellencies,  and  much  sni>erior  to  the  cod- 
trivance  which  it  replaces.  It  will  be  observed  that  timber  foundations  have  be*n 
calculated  for  every  lock.     In  point  of  fact,  this  item  is  in  excess  of  a  theoretical  e^ti- 
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mate,  for  in  every  case  the  stone  work  is  assumed  to  rest  apon  tlie  rock  bottom,  and 
the  estimate  is  made  accordingly.  Whenever  a  timber  bottom  is  designed  to  go  in,  its 
depth  might  be  taken  from  the  height  of  the  walls ;  and  yet  such  are  the  known  un- 
certainties of  preparing  foundations,  and  such  is  our  ignorance  of  what  is  under  water, 
that  the  error,  if  any,  of  this  provision  will  be  on  the  side  gf  safety,  and  therefore  the 
more  admissible.  I  adopted  this  plan  of  estimating  in  order  to  provide  for  the  con- 
tingency of  having  to  go  deeper  with  the  excavations  for  the  lock  walls.  An  accom- 
panying sketch  will  help  you  to  a  clearer  apprehension  of  what  has  been  said  con- 
cerning the  dimensions  of  the  existing  form  of  lock,  which  constitutes  the  model  herein 
adopted. 

The  estimated  cost  of  the  whole  improvement,  on  the  basis  of  crib  dams,  is  |834,805; 
if  stone  dams  are  sub8titut>ed,  as  hereinbefore  indicated,  this  estimate  will  be  increased 
by  the  sum  of  $58,379,  and  will  stand  $893,184.  The  unimportant  difference  between 
the  cost  of  the  crib  and  stone  dams,  except  in  the  case  of  the  site  at  Mammoth  Cave, 
Avould  certainly  suggest  a  more  careful  investigation  of  those  cases  prior  to  the  adop- 
tion of  either  plan  of  structure. 

The  water  shed  of  Green  River  embraces  about  9,600  square  miles,  and  includes  por- 
tions of  29  counties.  Practically,  ouc^alf  of  this  area  is  above  existing  slackwatcr, 
and  is  a  country  rich  in  the  excellence  and  variety  of  its  timber,  and  in  the  growth  of 
the  finer  grades  of  tobacco.  In  1834, 1835,  and  1836  the  development  of  this  country 
received  a  great  deal  of  attention.  Surveys  were  made  almost  to  the  headwaters  of 
the  various  streams  tributary  to  the  Green,  and  reports  were  made  favorable  to  slack- 
.  water  improvement  to  the  utmost  limit  of  practicability.  At  that  time  there  was  a 
poimlar  idea  that  a  connection  between  the  headwaters  of  the  Big  Barren  and  a  tribu- 
tary of  the  Cumberland  was  entirely  practicable,  and  that  it  should  by  all  means  be 
made  in  the  interest  of  internal  commerce.  This  question  was  finally  disposed  of  in 
the  following  report,  made  at  that  date  by  William  B.  Foster,  the  assistant  engineer 
in  charge  of  the  slackwater  improvement  of  the  Green  and  Barren  rivers : 

**  The  survey  was  commenced  at  the  mouth  of  Peters  Creek  and  carried  up  the  Barren 
River  to  the  function  of  the  East  and  Long  forks;  thence  up  the  East  Fork  to  its 
source ;  and  thence  to  the  summit  of  the  ridge.    A  crest  line  was  then  run  from  this  point 
southwardly  to  the  Tennessee  line,  a  distance  of  abont  13^  miles.    The  lowest  depres- 
sion was  found  to  be  at  Glenn's  Gap^  between  the  headwaters  of  Mill  Creek,  a  tribu- 
tary of  the  Barren,  and  Sulphur  Lick,  a  tributary  of  the  Cumberland  River.    The 
bench-mark  at  this  point  was  462.75  feet  above  the  low-water  plane  of  Barren  River 
at  Peters  Creek.    A  line  was  carried  from  this  bench-mark  down  the  valley  of  Mill 
Creek  and  connected  with  the  line  along  the  East  Fork,  and  down  a  ravine  to  the 
forks  of  Sulphur  Lick  Creek ;  thence  down  this  stream  to  the  Cumberland  River. 
The  descent  to  the  low- water  plane  was  found  to  be  466.79  feet,  or  about  4  feet  lower 
than  the  Barren  at  Peters  Creek.     Between  Peters  Creek  and  the  junction  of  the  Long 
and  East  forks,  a  distance  of  30  miles,  the  river  runs  through  a  narrow  valley  which 
seldom  exceeds  one- fourth  of  a  mile  in  width.     Its  channel  is  generally  along  the  side 
of  the  valley  at  the  base  of  the  hill  or  rock  blutt*,  but  it  frequently  changes  from  one 
side  to  the  other.     The  width  of  the  river  at  the  mouth  of  Peters  Creek  is  220  feet ; 
it  diminishes  to  140  at  the  junction  of  East  and  Long  forks.     The  ascent  in  this  por- 
tion of  the  river  is  89.6  feet,  or  about  3  feet  to  the  mile.     The  height  of  the  flats  or 
lH)ttonis  above  low-water  surface  does  not  exceed    15  feet,  and   is  fretjuently  less. 
These  bottoms  are  occasionally  overflowed  to  a  depth  of  4  or  5  feet,  and  sometimes 
more.     The  distance  from  the  mouth  of  the  East  Fork  to  the  mouth  of  Mill  Creek  is  16 
miles,  and  the  ancent  90.54  feet,  or  about  5.64  feet  per  mile ;  hence  along  the  valley  of 
Mill  Creek  to.  its  source,  the  distance  is  8  miles  and  4,260  feet,  and  the  rise  98  feet,  or  at 
the  rate  of  about  1 1.2  feet  in  a  mile.    iYom  the  summit  bench-mark  down  the  river  to  the 
fork  of  Sulphur  Lick  Creek,  the  distance  is  three-fourths  of  a  mile,  and  the  descent 
'Mi2  feet,  or  at  the  rate  of  402.66  feet  per  mile;  thence  along  the  Sulphur  Lick  Creek  to 
the  Cumberland  River  the  distance  is  4  miles  and  1,920  feet,  and  the  descent  to  the 
low-water  plane  is  164.79  feet,  or  about  37.5  feet  in  a  mile.     The  quantity  of  water  in 
the  Barren  River  as  far  as  the  mouth  of  Line  Creek  appears  to  be  suflicient  to  supply 
a  well-made  canal  or  a  navigation  by  slackwater  with  well-constructed  dams.    The 
river  is  not  well  ailapted  to  the  latter  kind  of  improvement,  as  it  has  a  good  deal  of 
descent,  and  the  bottcmis  are  too  low  to  admit  of  the  erecting  of  dams  sufficiently  high 
to  give  the  desirable  lifts  to  the  locks.     A  canal  could  be  made  at  anexpense  of  about 
$35,000  per  mile.     A  canal  could  beextendexl  up  the  East  Fork  about  14.75  miles  to  the 
mouth  of  Line  Fork.     Above  this  point  the  quantity  of  water  would  not  be  siifiiciont 
for  the  pui-poses  of  navigation.     From  the  mouth  of  Line  Creek  to  the  summit  bench- 
mark at  Glenirs  Gap  the  distance  is  about  13  miles  and  the  ascent  313  feet. 

«  »  «  «  *  •  • 

**Fn)m  the  siinimit  bench  by  the  valley  of  Sulphur  Lick  Creek  to  the  Cumberland 
River,  the  distance  is  about  5.1  miles,  and  the  descent  406.8  feet.  This  part  of  the 
route  is  not  adapted  for  a  canal.  *'  *  *  A  reconnaissance  was  made  of  the  ridge 
eastward  as  far  as  the  Burksville  and  Glasgow  rotwl  for  the  purpose  of  ascertaining 
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whether  a  depression  lower  than  Glenn's  Gap  could  be  found  between  the  waten  of 
Skegg's  Creek  and  Marrowbone  Creek.  The  lowest  places  in  the  dividing  ground  be- 
tween these  streams  appeared  to  be  as  high  as  or  higher  than  the  summit  at  Glenn's 
Gap. 

*^  It  appears  from  the  surveys  and  examinations  which  have  been  made  tb&t  a 
water  communication  between  the  Barren  and  Cumberland  rivers  is  impracticable.* 

In  relation  to  the  particular  resources  of  this  great  watershed,  the  la^fsest  in  tk 
State^  I  think  it  best  to  refer  to  the  testimony  of  Prof.  N.  S.  Shaler.  In  nis  special 
report  upon  the  Nolin  River  and  Bear  Creek  district,  he  says : 

"The  task  of  the  western  party  of  the  survey  for  this  year  has  been  to  determiiw 
the  character  of  the  depoMits  of  ooal  and  iron  in  the  easternmost  part  of  the  Green  RiTer 
coal  tield. 

**  So  far  our  efforts  have  been  richly  rewarded.  In  the  section  where  our  work  ba» 
hitherto  lain,  in  the  territory  between  Bear  Creek  and  Nolin  River,  and  for  a  certain 
distance  to  the  east  and  west  of  those  streams,  we  have  determined  the  position  and 
character  of  sources  of  supply  for  furnaces  and  coal  mines  unexcelled  by  any  in  the 
State.  At  least  two  veins  of  workable  coal,  of  good  quality  for  ste^in  purposes,  Md 
snfllcient  thickness  for  profitable  working)  have  been  satisfactorily  determined. 

"One  of  these  veins  is  4  feet  in  thickness;  seems  to  carry  ita  thickness  well;  i« 
admirably  disposed  for  drainage,  and  could  be  mined  as  cheap  as  any  coal  in  Ken- 
tucky. Analysis  seems  to  show  that  it  will  answer  well  for  making  coke  suitable  for 
iron  smelting. 

"  The  point  of  most  interest,  however,  is  the  rich  and  extensive  series  of  ore  beds 
which  have  rewarded  our  search.  Not  less  than  five  different  beds  ai>pear  at  varions 
points  in  the  heights  of  the  hills.  Of  these,  one,  a  bed  of  3  to  5  feet,  or  more,  in  thick- 
ness, of  oolitic  ore,  contains  about  37  per  cent,  of  iron,  in  a  very  favorable  combination 
for  making  metal  of  good  quality.  This  bed  has  already  been  traced  over  an  Area 
of  about  W  square  miles,  and  will  in  itself  furnish  ore  for  50  furnaces  for  centuries  to 
come.  Two  other  ores  promise  good  results,  though,  owing  to  the  densely  wooded 
condition  of  the  country,  we  have  not  been  able  to  trace  them  out  the  whole  area  a» 
•  well  as  the  overlying  oolitic  ore. 

"The  tim1)er  in  this  section  is  of  excellent  quality  for  the  uses  of  the  miner  and  iron- 
worker. There  is  an  abundance  of  wood  suitable  for  charcoal  and  for  the  supports  of 
mines,  &c.  Limestone,  of  excellent  quality  for  furuace  use,  is  found  at  the  base  of 
the  hills,  and  stone  suitable  for  the  masonry  of  furnaces  can  be  had  at  every  point 

**  I  am  thoroughly  satisfied  that  this  region  is  full  of  promise,  and  that  it  only  wants 
capital  and  energy  to  give  it  development.  With  the  revival  of  the  iron  industry  from 
the  late  panic,  a  restoration  which  seems  just  at  hand,  I  am  confident  that  this  regi(m 
will  come  to  the  knowledge  of  the  world.  *  *  *  * 

''Here  is  a  noble  river,  with  unfailing  wat^er-power,  and  with  4,000  square  miles  of 
the  best  coal  and  iron  in  the  West,  a  good  soil,  noble  forests  of  manufacturing  woods, 
and  a  good  climate. 

**THE   NOLIN  RIVER  DISTRICT. 

"In  Edmondson  and  Grayson  Counties,  north  of  Green  River,  between  Nolin  Eiver 
and  Bear  Creek,  is  an  area  of  considerable  size,  called  the  Nolin  River  district.  The 
ores  of  this  region  are  stratified  carbonates  and  limonites,  found  near  the  base  of  the 
coal  measures.  The  ore  of  most  value  occurs  above  the  conglomorate.  It  is  about  4 
feet  tbick,  and,  so  far  as  present  developments  indicate,  underlies  an  area  of  large 
extent.  It  is  almost  wholly  undeveloped.  A  number  of  years  since  a  small  charcoal 
furuace  was  established  on  the  Nolin  Kiver,  but  it  was  so  far  from  market,  and  trans- 
portation of  the  iron  was  so  expensive,  that  the  enterprise  soon  failed.  It  ran  loo^ 
enough,  however,  to  establish  the  fact  that  an  excellent  iron  could  be  made  from  these 
ores. 

"The  following  analysis,  by  Dr.  Peter  and  Mr.  Talbutt,  shows  the  quality  of  a  sam- 
ple of  this  ore  from  near  the  head  of  Beaver  Dam  Creek,  in  Edmondaon  County : 

Iron  peroxide 5S.SMS 

Alumina 4.7^ 

Manganese t\e 

Lime  carbonate \0 

Magnesia 48& 

Phosphoric  acid 356 

Sulphuric  acid IIS 

Silica  snd  insoluble  silicates 30.5(9 

Combined  water 10.4^ 

Total 100.011 

Metallic  iron .' 37.0*8 

Phosphorus 154 

Sulphur 05: 
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**Iu  mlclitiou  Uy  tlie  ji^roat  amount  <»f  timber  available  for  cbarcoal,  stone  coal  occurs 
in  the  same  region.  This  coal  is  lowest  of  the  series,  and  is  of  most  excellent  quality, 
analysis  showing  it  to  be  far  snperior  to  the  higher  coals  of  Western  Kentucky,  which 
are  the  ones  most  generally  mined.  The  region  is  now  more  accessible  than  formerly, 
as  it  lies  within  15  miles  of  the  Louisville,  Paducah,  and  Southwestern  Railroad^  but 
the  lack  of  transport^ition  facilities  directly  to  it  has  prevented  its  development. 

'^Tbe  aggregate  amount  of  ore,  coal,  and  timber  suitable  for  charcoal  in  this  region 
is  immense  and  offers  great  opportunities  for  development.  It  is  one  of  the  most 
richly  endowed  undeveloped  iron  regions  of  the  State. 

**In  many  other  localities  in  the  western  coal  field,  iron  ores  have  been  found,  but 
they  have  not  been  thoroughly  prospected,  and  little  is  known  of  their  extent.  One 
of  the  best  known  localities  of  this  sort  is  in  Muhlenburg  County.  In  this  county  are 
found,  at  Airdrie  Furnace,  on  Green  River,  and  at  Buckner  Furnace,  near  Greenville, 
ileposits  of  so-called  black-band  iron  ore,  a  ferni^lnoas  bituminous  shale,  yielding 
alK>ut  30  per  cent,  of  iron.  At  Airdrie  Furnace  this  coal  rests  immediately  above  an 
excellent  coking  coal,  and  the  two  can  be  mined  together  very  cheaply. 

**At  this  place  iron  can  be  produced  very  cheaply  oy  bringing  ore  from  the  Cumber- 
land River  region  and  using  it  in  admixture  with  the  native  ore. 

**For  a  more  detailed  description  of  this  locality,  see  report  in  second  volume,  new 
8«rie4,  Kentucky  Geological  Reports,  on  the  Airdrie  Furnace.'* 

The  mineral  wealth  of  the  Green  River  Valley  as  a  whole  can  be  best  understood  by 
a  careful  examination  of  the  following  tabular  statements  of  iron  and  C(»al.  These 
statements  are  collected  from  the  vanons  reports  of  the  State  geologist,  and  carry 
yK-ith  them  the  full  weight  of  that  high  authority. 
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APPENDIX   X.  1813 

In  order  to  get  the  most  reliable  information  relative  to  the  wealth  and  productions 
of  the  upper  valley  of  the  Green,  I  applie<l  to  Gren.  James  A.  Dawson,  of  Mnnford- 
ville,  and  in  response  received  a  communication  from  which  the  following  is  extracted : 

**Tlie  country  within  the  inHuence  of,  and  which  will  be  benefited  by,  the  proposed 
extension  of  navigation  on  the  Green  antl  Barren  Rivers,  embraces  the  counties  of  War- 
ren, A'len,  Barren,  Monroe,  Metcalf,  Green,  Adair,  and  Edmondson,  comprising  an 
atea  of  fully  5,000  square  miles.  This  area  contains  a  large  part  of  the  finest  farming 
land  in  the  State.  It  is  pre-eminently  the  tobacco  belt,  in  which  is  grown  a  larger 
quantity  of  that  staple  than  in  any  other  section  of  the  Union,  embracing  all  grades 
from  the  finest  bright  wrapper  to  the  heaviest  shipping  leaf.  It  is  in  some  respects  a 
]»oculiar  region,  being,  as  it  were,  a  valley  on  the  summit  of  a  plateau. 

**  Muldraugh's  Hill,  a  spur  from  the  Cumberland  Mountains,  extends  to  the  Ohio 
Eiver,  near  the  mouth  of  Salt  River,  and  rises  to  the  height  of  600  feet  above  the  water 
level  of  the  Ohio  at  the  mouth  of  the  Green,  and  has  been  not  inaptly  styled  a  range 
of  hills  with  but  one  face.  Upon  the  top  of  this  hill,  in  Hardin  and  Marion  Counties, 
stretches  out  southwardly,  for  the  distance  of  more  than  100  miles,  a  table  land,  on 
Avhich  is  situated  the  Green  River  Valley,  including  the  counties  before  mentioned, 
and  the  southern  declivity  being  near  the  Cumb<^rland  River.  This  valley  contains, 
developed  and  undeveloped,  the  elements  of  national  wealth  to  an  almost  incalcuablo 
amount. 

'*  It  is  now,  though  not  half  developed,  a  very  fine  farming  country.  I  have  been  at 
9ome  pains  to  gather  data,  and,  though  the  past  year,  1879,  was  very  far  from  being 
an  average  in  the  yield  of  farm  products,  it  may  be  safely  stated  that  in  the  counties 
Aforesaid  there  were  gathered  and  fatted,  as  the  crop  for  the  year,  this  following,  in 
round  numbers,  viz,  of  tobai-co,  20,000,000  pounds ;  of  hogs,  1:^,000  head  ;  of  hay,  25,000 
tons  ;  of  com,  10,000,000  bushels ;  of  wheat,  1,000,000  bushels ;  besides,  oats,  rye,  bar- 
ley, and  potatoes  in  large  quantities,  and  fruits  of  all  grades  adapted  to  the  climate  in 
the  greatest  abundance.  Almost  the  entire  valley  is  admirably  adapted  to  grazing 
purposes,  blue  grass  being^  indigenous  to  most  of  it,  and  orchard  and  other  grasses, 
and  clover  growing  very  finely  on  the  whole  tract  of  country.  At  the  present  time  the 
yield  of  cattle  is  by  no  means  inconsiderable,  and  there  is  no  section  of  the  Union 
better  suited  for  the  raising  of  sheep,  horses,  and  mules.  Moreover,  there  are  im- 
mense forests  of  superior  timber  and  vast  beds  of  the  best  iron  ore,  which  only  need 
the  facilities  of  cheap  transportation  to  insure  their  development.  Many  years  ago 
there  were  two  large  furnaces  and  a  forge  profitably  operated  in  Hart  County  and  one 
in  Edmondson  County,  and  there  are  beds  of  the  finest  quality  of  iron  ore  in  said 
counties  and  in  Grayson  County  sutlicient  to  supply  the  United  States  for  the  next 
century.  The  opening  of  arteries  of  cheap  transportation  in  other  sections  of  the 
country  compelled  the  abandonment  of  these  manufactories  of  iron,  but  if  Green 
Hiver  be  made  reliable  as  an  outlet  to  market  at  rates  as  low  as  elsewhere,  these  fur- 
naces will  again  doubtless  be  soon  in  blast." 

An  account  of  Rough  Creek,  by  Mr.  A.  B.  Baird,  has  lieen  kindly  contributed  to  this 
report,  and  from  its  authorship,  as  well  as  the  much  valuable  information  it  contains, 
is  well  fitted  to  constitute  a  portion  of  any  general  treatise  on  the  Green  River  and 
its  resources.     Mr.  Baird  says  : 

'*  Rough  Creek  rises  out  of  what  is  known  as  Big  Spring,  at  the  comer  of  the  counties 
of  Meade,  Hardin,  and  Breckinridge;  all  of  these  counties  comer  in  said  spring.  The 
creek  that  issues  from  the  spring  is  soon  joine<l  by  other  streams  fe<l  by  springs,  and 
within  a  ver>'  few  miles  is  large  enough  to  turn  a  mill  most  of  the  year.  The  country 
around  the  hea<l  of  this  fork  (the  south  fork)  is  an  underdrain  country  for  the  most 
part,  and  of  limestone  formation.  From  the  mill  already  allude<l  to,  as  the  creek  flows 
on  and  is  joined  by  other  tributaries,  other  mills  have  been  built.  The  largest  tribu- 
tary is  Big  Clifty,  from  the  south. 

**  The  general  course  of  Rough  Creek  is  west.  After  a  course  by  the  devious  wind- 
ing of  'M)  miles  it  is  joined  by  the  North  Fork,  which  is  somewhat  smaller  than  the 
South  Fork.  The  South  forkVtirms,  first,  the  dividing  line  between  Breckinridge  and 
Hardin  Counties ;  then  between  the  fonner  and  Grayson  County.  At  the  Junction  of 
the  two  forks  the  stream  has  increased  to  a  width  of  100  to  220  feet.  This  point,  the 
junction,  is  15  miles  above  the  Great  FalJs,  the  site  of  Green's  Mill,  and  the  slaokwater 
fn)m  Greenes  Dam  extends  up  to  and  ab(»ve  the  forks.  Between  the  forks  and  Green's 
Mill  it  receives  a  large  tributary,  Rock  Lick,  from  the  north.  The  water-power  at 
Green's  is  as  fine  as  any  in  the  West;  grinding,  sawing,  caitling,  spinning,  and  weav- 
ing are  all  done  at  this  point,  and  the  stream  is  spanned  by  an  iron  bridge,  recently 
constructed  by  the  counties  of  Breckinridge  and  Grayson. 

*' After  leaving  Green's  Mill,  the  first  tributary  of  much  size  is  Pond  Run,  from  the 
north,  which  is  tlie  dividing  line  between  Breckinridge  and  Ohio  Counties,  and  nearly 
opposite  is  Short  Creek,  from  the  south.  This  creek  is  only  2  miles  long;  comes  from 
the  ground  a  full-fledged  creek,  that  runs  a  mill  most  of  the  year,  which  is  only  100  or 
200  yards  from  its  soui'ce,  and  another  mill  is  on  the  same  creek,  before  its  junction 
with  Rough  Creek. 
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"Passing  on  down  the  stream,  the  next  tributaries  are  Brown's  Creek  and  KmtakeT) 
from  the  south  and  Rosson's  Fork  from  the  north.  Near  this  place  is  Hite's  Fall,  a 
beautiful  perpendicular  fall  of  4  feet.  At  this  point  the  formation  changes  from  lin»f- 
stone  to  a  mixture  of  sandstone,  and  a  few  miles  below  the  limestone  is  nearly  entirely 
wanting. 

"A  few  miles  below  these  falls  is  the  mouth  of  Caney,  the  largest  and  most  impor- 
tant tributary  of  Rough  Creek.  It  is  from  the  south  and  has  been  navigated  by  flat- 
boats  and  rafts  for  more  than  20  miles.  A  short  distance  below  Caney  is  Huff  Crwk 
from  the  north,  and  3  or  4  miles  still  lower  down  it  receives  Adams's  Fork,  the  Hecond 
tributary  in  size  and  importance.  It  is  navigable  for  r&ftH  for  a  number  or  mile^ 
This  tributary  is  from  the  north.  Below  this  4  or  5  miles  is  Hines's  Mill,  on  Kough 
Creek,  where  there  is  a  large  custom  mill,  with  sawing  and  grinding,  and  carding,  &c. 
This  point  is  12  miles  by  land  from  Hartford,  and  the  jwint  where  the  roa<l  fnmi  that 
place  to  Fordsville  crosses  the  creek. 

"  Descending  the  creek  we  have  from  the  north.  Hedges,  Stoi*er,  and  Bear  Rnn»,  ami 
on  the  south,  HalFs  Creek,  Morrison's,  and  Mill  Run,  which  brings  ns  down  to  Hartfoiti, 
the  county  seat  of  Ohio  County ;  Rough  Creek  being  wholly  in  the  county  of  Ohio 
after  passing  the  mouth  of  Brown's  Creek.  At  Hartford  there  is  a  6ne  custom  mill 
for  gnnding  com  and  wheat,  carding,  spinning,  weaving,  «&c.,  and  the  creek  is  spauned 
by  a  bridge  of  wood,  shortly  to  be  superseded  by  an  iron  one. 

**  From  this  place  to  the  intersection  of  Green  River  is  28  miles  by  the  creek,  and  it 
has  No  Creek,  Barnett's  Creek,  and  Sandy  from  the  north ;  lievis  Lick,  Walton's 
Muddy^  and  Grassy  from  the  south. 

"A  stock  company  built  a  lock  on  the  creek  8  miles  above  the  mouth  shortly  after 
the  war,  that  gave  slackwater  to  Hartford,  and  numerous  st**amers  ran  in  the  creek, 
making  regular  trips  and  doing  a  large  business,  and  one  that  was  profitable  alike  to 
the  steamers  and  the  shippers.  These  steamers  were  from  100  to  125  feet  long,  and 
during  the  whole  time  navigation  was  kept  up  not  one  single  accident  occurrwL  Bnt 
when  Green  River  was  transferred  to  a  company  the  tx>ll8  were  made  .so  high  that  the 
boats  were  all  compelled  to  leave  the  creek. 

"The  steamers  having  left,  the  lock  was  not  worth  attending  to  ;  was  aband(»ne<l  by 
the  company,  and  the  work  went  down. 

*^  Rough  Creek  is  as  large  at  (jlreen's  Mill  as  at  Hartfonl,  and  oven  above  the  falls 
to  the  forks  (15  miles)  there  is  no  ]»erceptible  ditference  in  width.  In  nummer  and  fall 
,as  much  water  passes  at  (ireen's  Mill  as  at  Hartford,  as  shown  by  the  niiniber  c>f  M]uare 
inches  in  the  water  let  to  the  mills  at  these  points.  I  am  fortitieil  in  this  statement 
bv  the  experience  of  Joseph  P.  Hunter,  an  experienced  millwright,  who  haa  rebuilt 
the  mills  at  b(ith  the)>oint8  contrasted. 

"As  to  the  probable  number  of  locks  that  would  be  required  to  slackwater  it  to  the 
falls  at  Green's  Mill,  an  approximation  is  all  that  can  now  be  stated.  A  survey  only 
can  determine  the  number  and  height  of  the  locks  and  dams.  The  instrumental  sur- 
vey of  the  28  miles  from  Hartford  to  Green  River  showed  a  fall  of  17  feet;  4  feet  of 
this  was  overcome  by  the  slackwater  from  the  river. 

"  I  would  propose  as  the  location  of  locks  as  follows :  No.  1  at  or  near  the  site  of 
the  company's  old  lock,  8  miles  from  the  mouth ;  No,  2  at  Hartfonl ;  No.  3  at  s<»me 
point  say  15  miles  above  Hartfonl,  by  the  stream ;  No.  4  at  Hines's  Mill ;  and  No.  5  at 
Hite's  Falls.  This  work  would  give  slackwater  to  the  Great  Falls  at  (ireen's  Mill,  lOX 
miles  by  the  creek  from  its  moutli. 

"The  creek  is  flanked  on  both  sides  by  a  forest,  comprising  all  the  varieties  of  oak. 
with  poplar,  black  and  white  walnut,  hickory,  gum,  cherry,  persimmon,  birch,  and 
elm,  with  an  undergrowth  of  dogwood,  red-bud,  pawpaw,  and  spice  brush.  Much  of 
the  poplar  and  oak  have  been  run  as  rafts  to  Evansville  and  other  markets,  or  made 
into  staves  and  carried  in  tlatboats  to  New  Orleans,  but  there  is  a  vast  and  almost 
inexhaustible  quantity  vet  on  or  contiguous  to  the  creek.  There  are  also  many  other 
kinds  of  timber  than  those  named  that  are  very  valuable,  such  as  chestnut,  maple, 
locust/  and  catalpa.  Around  the  falls  there  are  vast  forests  of  chestuut-4»ak,  which 
produces  the  finest  tan  bark  known  to  tanneiis. 

'^It  is  not  known  certainly  that  minerals  can  be  found  in  the  limestone  formation, 
but  near  where  this  changes  to  sandstone  lead  Inus  been  found,  and  considerable 
mining  done  for  it;  but  from  the  want  of  experience  and  capital  on  the  part  of  thoM 
engaged  in  it,  and  for  want  of  reliable  and  cheap  transportation,  operations  have 
been  suspended.  At  other  points  on  the  creek,  between  Hines's  Mill  and  Hartford,  lead 
has  been  found. 

"As  soon  as  the  creek  enters  the  sandstone  formation  it  is  flanked  on  each  side  by 
beds  of  bituminous  coal,  from  2  to  6  feet  thick ;  these  veins,  for  want  of  reliable  navi- 
gation, have  been  operated  only  for  neighborhood  purposes.  This  coal-fiehl  exten<U 
to  the  mouth  of  the  creek,  a  distance  of  80  miles  by  the  creek  In  this  section  of  th»» 
creek  iron  ore,  in  vast  quantities,  is  found ;  at  one  place  esi>ecially,  some  eight  miles 
above  Hartford,  is  a  deposit  that  has  been  called  '  Iron  Mountain'  from  the  vast  dc]K»sit 
of  that  ore  at  that  point.    Along  the  creek,  or  contiguous  to  it,  are  many  miui'inl 
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sprinjjfs,  the  most  celebrated  of  which  is  White  Sulphur,  2  miles  froui  Hiues's  Mill;  salt 
has  beeu  t'ound  at  many  places,  and  many  wells  were  worked  in  the  primitive  days  of 
the  State. 

"An  air  line  from  the  falls  at  Greenes  Mill  to  the  month  of  tlie  creek  is  about  45 
miles.  The  nearest  points  of  the  creek  to  the  Ohio  River  are  from  Green's  Mill  to 
Cloverport,  24  miles,  and  from  Hartfonl  to  Owensborough,  27  miles.  The  distance  from 
Green's  Mill  to  the  Paducah  and  £lizabethtown  Railroad  at  Caneyville  is  15  miles,  and 
from  Hartford  to  same  road  is  5  miles.  The  slack  watering  of  Rough  Creek  will  make 
it  a  competitor  for  the  trade  of  the  country  to  an  equidistant  point  from  it  to  the  Ohio 
River  and  the  railroad,  and  will  give  the  creek  a  monopoly  in  carrying  minerals. 
Thus  the  slackwater  of  Rough^Creek  will  have  the  trade  of  more  than  1,000  square 
miles  of  good  average  farming  land  of  this  section  of  the  State,  not  over  one-half  of 
which  is  now  cultivated.  This  is  in  the  heart  of  the  best  tobacco  belt  in  the  State, 
.ind  produces  corn,  wheat,  oats,  and  the  very  best  hay,  besides  all  of  the  smaller  gar- 
den products.  I  would  mention  also  that  rough  Creek  is  considered  one  of  the  oest 
streams  for  fish  in  the  State.  A  large  number  of  the  improved  breeds  have  been  placed 
in  it,  and  they  are  found  to  be  prospering  finely. 

"  Rough  Creek  runs,  by  its.meanderings,  through  Ohio  County  about  80  miles,  divid- 
ing the  county  in  proportion  of  three-sevenths  on  the  north  and  four-sevenths  on  the 
Houth.  The  county  is  prospering  and  increasing  in  population  as  no  other  county  of 
the  State  that  has  no  large  towns  or  cities  in  it.  The  last  return  of  votes  showed  4,200. 
Fruits  of  all  kinds  flourish  and  do  well,  and  besides  the  large  timber  I  have  mentioned 
I  failed  to  mention  hoop  poles ;  they  are  abundant  and  inexhaustible,  as  the  same 
ground  can  be  cut  over  every  three  or  four  years.  Horses,  cattle,  hogs,  sheep,  and 
mules  are  healthy.  Land  is  cheap  along  the  creek,  which  would,  bv  the  slackwater- 
ing,  be  trebled  in  a  few  years.    Rough  Creek  is  the  largest  creek  in  the  tcorld. — A.  B.  Baird.'' 

The  general  characters  of  Green  and  Barron  Rivers  differ  in  several  respects  very 
strikingly  from  those  of  the  Kentucky  River,  as  observed  in  the  course  of  the  survey 
of  that  stream  in  the  autumn  of  1878.  The  Kentucky  River  contains  nothing  that 
deserves  the  name  of  an  island,  from  its  source  to  its  mouth.  The  Green  and  the 
Barren  are  full  of  islands,  and  they  seem  to  increase  in  size  and  frequency  as  you  as- 
cend the  streams.  The  Kentucky  River  is  mainly  fed  by  copious  surface  streams,  and 
has  notably  few  large  springs  discharging  into  it.  The  Green  River,  especially  the 
upper  portion  of  it,  nas  but  a  small  number  of  surface  tributaries,  while  in  great  gash- 
ing springs  it  seems  to  excel.  These  springs  occur  almost  in  sight  of  one  another  along 
the  margin  of  the  upper  river,  and  are  or  such  capacity  as  frequently  to  be  used  for 
running  mill?.  They  constitute  the  principal  feeders  of  the  river.  This  phenomenon 
^■i^S^s^^  ^h^  possibility  of  difficulty  in  maintaining  pools,  since  it  is  not  improbable 
that  in  some  cases  at  least  the  water  comes  by  underground  passages  from  the  river 
above. 
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Tahle  D. — Estimated  cost  of  the  proposed  extension  of  slackwater  in  the  Big  Barm  Km, 

Kentucky. 


Number  of  lock . 


Locality . 


BowliDg  Greeu. 


Drake's  Creek. 


Toil] 

CMtM 

rea&iTs: 


Number.    Price.  I  Amount. ,  Number. '  Price.     Amount 


Excavatiou  below  water,  rock, 
cubic  yards 

Excavation  below  water,  eartb, 
cubic  yards 

ExcaTation  above  water,  rock, 
cubic  yards 

Excava£ion  above  water,  earth, 
cubic  yards 

Timber  in  locks,  linear  feet 

Timber  in  locks,  feet,  board  meas- 
ure   

Timber  in  dams,  linear  feet 

Timber  in  dams,  feet,  board  meas- 
ure  

Timber  in  guide  walls,  linear  feet. 

Masonry  in  locks,  ashlar,  cubic 
yards 

Masonry  in  locks,  rubble,  cubic 
yards 

Masonry  in  abutments,  nibble, 
cubic  yards 

Paving,  cubic  yards 

Iron  in  locks,  wrought,  pounds. . . 

Iron  in  locks,  cast,  pounds 

Iron  in  dams,  wroueht,  pounds. .. 

Iron  in  guide  walls,  wrought, 
pounds 

Rock  filling  in  dams,  cubic  yards. . 

Bock  filling  in  guide  walls,  cubic 
yards 

Gravel  backing,  cubic  yards 

Embankments .' 


4,  472  I  $3  25    $10,  062 


1,965  !  $2  00 


4,312 

2,074 
10,788 

141,626 
48,750 

167,500 
18,200 

3,320 

2,489 

666 
800 

14,800 
9,200 

57,898 

7,092 
3,000 

1,440 

6,000 

300 


Clearing  banks  and  bed  of  river, 

per  pool 

Incidentals  and  contingencies 


Total  cost  at  each  site. 


17 
09 

02.5 
07 

02 
07 

8  00 

6  00 

4  00 

1  50 
06 
04 
06 

06 
50 

50 
50 
15 


3,234 
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971 

3,541 
3,413 

3,350 
1,274 

26,560 

14,934 

2,664 

1,200 

888 

368 

3,474 

426 
1,500 

720 

3,000 

45 


1,660 

2,200 
10,788 

127,632 
28,600 

100.500 
25,200 

2,972 

2,077 

1,481 

000 

14.200 

9.200 
34,310 

8,326 
4,488 

1,600 

2,000 

650 


75 

17 
09 

025 
07 

02 
07 

8  00 

6  00 

4  00 

1  50 

06 

04 

06 

06 
50 

50 
40 
15 


81, 978 
4.410 

12.958 

• 

$3,930 


1,245 

374 
971 

3,191 
2,002 

2,010 
1,764 

23,776 

12,462 

5.934 
900 
852 
368 

2,050 

500 
2,344 

800 

800 

96 


66,270 

2,700 
10,345 


99,346 79,315 
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In  the  execntion  of  this  work  I  wae  principally  aided  by  Hugh  R.  Ayrea,  B.  R,  Tw^ 
iier,  and  F.  M.  Pryor.  To  these  gentlemen,  but  especially  t'O  Mr.  Ayres,  uy  thanks  an 
due  for  an  unusually  faithful  performance  of  the  several  duties  committed  to  thdr 
charge. 

Very  respectfully  submitted. 

H.    H.    FiTZHCGH, 
Assistant  Enpnttr. 
Col.  Wm.  E.  Merrill, 

Major  J  Corps  of  Engineers^  V.  S.  A, 


Appendix  A. 

AN  ACT  to  incorporate  tbe  Green  and  Barren  River  Navigation  Company. 

Whereas  the  Green  and  Barren  River  line  of  navigation  has  always  been  a  chanc 
upon  the  State,  and  is  now  largely  in  debc  and  without  prospect  of  any  better  condi- 
tion ;  and  whereas  it  is  of  great  importance  to  the  country  to  keep  saicf  line  in  work- 
ing order  and  at  the  same  time  to  avoid  any  public  expense  if  |K)€i8ible,  and  believing 
tb&t  object  can  be  accomplished  by  letting  it  to  an  incorporated,  company  :  Therefore^ 

j^e  it  enticted  by  the  general  assembly  of  the  commomcealth  of  Kentucky : 

^  1.  That  J.  A.  Robinson,  J.  V.  Sprowle,  W.  S.  Vanmeter,  C.  J.  Minmeter,  E.  B 
^eoley,  H.  C.  Murrell,  Wm.  Brown,  D.  C.  Turner,  C.  J.  Smallhonse,  and  their  associate* 
nnd  Huccessors,  be,  and  they  are  hereby,  created  a  body  corporate  with  the  name  and 
style  «1  the  Green  and  Barren  River  Navigation  Comnany,  and  shall  have  perpetoil 
succession  during  the  term  of  thirty  yeare,  and  in  tliat  name  may  sue  and  be  socd, 
make  contracts,  and  transact  all  their  legitimate  business  as  a  corporation  ;  may  lue 
ami  change  their  common  seal ;  and  make  suitable  by-laws  for  the  regnlati<m  of  thr 
atfiiirs  of  the  com]mny  and  to  regulate  their  elections  to  fill  oOic^s,  vacancies,  and  io 
all  thingA  not  incouHistent  with  the  laws  of  the  land. 

J  2.  Tluit  the  said  Green  and  Barren  River  line  of  navigation  and  their  tribut«n«, 
together  with  the  grounds,  houM»s,  water-works,  rents,  profits,  tools,  mxichinery,  im- 
plements, and  appurtenances,  and  all  the  franchises  thereunto  l>eloDging  or  appertain- 
ing, be,  and  the  same  are  hereby,  loaned  and  conveyed  unto  the  corporators  named  in 
the  firnt  section  of  this  act,  and  to  their  associatei),  successors,  executors,  heirs  and  as- 
signs, for  and  during  the  term  of  thirty  years  from  and  after  the  time  they  set  posset- 
sion  thereof;  and  it  shall  be  the  duty  of  the  governor  of  this  commonwealtn  to  caase 
possession  thereof  to  be  delivered  unto  them  as  soon  after  the  passage  of  this  act  u 
they  or  any  of  them  who  may  choose  to  accept  may  give  notice  of  readiness  to  receive 
it,  upon  their  complying  with  all  the  conditions  precedent  herein  provided. 

$  a.  The  business  of  the  company  may  be  to  une  and  suffer  to  be  nseil  said  line  of 
navigation  for  all  puriioses  of  navigation,  and  also  the  water-power,  property.  rightN 
appurtenances,  and  all  the  franchises  thereunto  belonging,  as  they  may  direct,  not  in- 
consistent with  the  pun>o**©«  of  said  line,  as  expressed  by  law ;  and  as'au  auxiliary  to 
said  business,  and  to  facilitate  commerce  and  trade,  and  to  develop  the  resonrces  of 
wealth  along  said  line,  it  may  also  be  their  business  to  open  and  work  coal  mines  and 
■other  mines  and  to  deal  in  the  products  thereof,  as  also  in  the  prodacts  of  the  conntrr 
.and  other  things  as  well  as  in  the  work  of  machinery  and  navigation  on  said  line.  Tbej 
may  also  lease,  buy,  sell,  hold,  and  otherwise  acquire  and  dispose  of  any  i-eal  and  per- 
sonal estate,  by  any  manner  not  prohibited  by  law,  the  same  as  a  natural  person,  and 
may  do  all  necessary  or  a<lvautageous  acts  in  the  same  way,  in  the  transaction  of  tbfir 
business,  not  inccmsistent  with  tbe  constitution  of  this  State  or  of  the  United  States 

^  4.  It  shall  be  the  business  and  duty  of  said  company  to  use  due  diligence  in  keep- 
iug  up  said  Hue  of  navigation  in  good  repair,  and  to  i-etnrn  it  and  all  its  appurtenancet^ 
at  the  expiration  of  the  lease,  in  good  condition,  as  at  present,  or  unless  prevented  firoB 
so  doing  by  unavoidable  causes,  and  to  hold  the  8tat«  harmless  in  the  premises,  and 
to  pas«  and  permit  all  boats,  crafts,  and  other  things  to  na\igate  said  rivers,  accordio; 
rt )  certain  specified  rates  herein  prescribeil  as  tolls,  which  shall  inure  to  said  compaov. 

$  5.  [Organization,  &c.,  of  company]  •  ♦  ♦  and  a  prior  lien  is  hereby  retained 
by  the  commonwealth  against  all  the  proj^erty,  rights,  and  franchisee  of  saidcompan;. 
as  fecnrity  to  said  commonwealth  for  the  faithful  performance  of  all  the  duties  hereii 
imposed  upon  said  comnnny ;  and  no  individual  of  said  company  shall  be  bound  iwr 
said  company  beyond  tlie  interest  he  may  have  therein. 

$  6.  All  tolls  sliall  inun^  to  the  company,  and  the  rate  of  toll  on  passenger  and  frei|^t 
steamboats,  and  other  boats  carrying  freight,  other  than  coal  or  stone,  shall  Ih»  regulated 
by  their  full  hull  or  deck  tonnage,  according  to  the  custom-house  rules  as  to  the  maa- 
agement  of  tonnage:  Providedy  That  the  rate  of  toll  for  such  boats  passing  such  locks 
shall  not  exceed  per  ton,  measured  as  afoi-esaid,  fifty  cents  at  the  first  lower  lock,  and 
thirtv  cent«  at  tlie  second,  and  twenty  cents  at  the  third,  and  ten  cents  each  at  th* 


I 
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two  other  upper  locks,  and  same  for  returning;  and  for  each  passenger,  and  for  all 
other  boats,  barges,  skiffs,  and  other  water-crafts,  loaded  and  empty,  including  rafts 
and  other  things  passing  said  rivers,  they  may  establish  tolls  from  time  to  time  not 
<^xceeding  the  present  rates  established  by  the  board  of  internal  improvement  as  ap- 
l»licable  to  the  Kentucky,  Green,  and  Barren  River  lines  of  navigation  at  this  tinu\ 

^  7.  [Transfers  of  interest,  &c.] 

J  8.  [Liabilities  for  damages.] 

$  9.  [Steamboats,  rafts,  &c.,  snail  obey  company's  rules.  ] 

$  10.  [Penalty  for  willful  injury  of  works.] 

i  11.  It  shall  be  the  duty  of  the  company,  or  such  of  them  as  may  choose  to  accept 
the  provisions  of  this  charter,  together  with  their  associates  whom  they  may  choose 
to  associate  with  them,  to  execute  their  bond  to  the  commonwealth  of  KentucKy,  with 
security,  the  solvency  of  which  to  be  approved  by  the  governor  of  said  commonwealth, 
and  be  attested  by  him  under  the  seal  of  his  office,  which  bond  shall  be  in  duplicate, 
one  copy  to  be  retained  by  the  Stat<e  and  the  other  by  the  company.  The  conditions 
of  the  bond  shall  be  as  follows:  ^'In  consideration  of  the  nnaisturbed  possession  of 
the  Green  and  Barren  Rirer  line  of  navigation  and  its  tributaries,  together  with  its 
grounds,  houses,  water-powers,  rents,  profits,  tools,  machinery,  implements,  appurte- 
nances, and  all  its  franchises  thereunto  belonging  or  appertaining,  now  to  bedelivere<l 
to  us,  the  undersigned,  to  hold  for  thirty  years,  under  an  act  of  the  legislature  incor- 
)>orating  the  Green  and  Barren  River  Navigation  Company  ;  we  accept  the  same,  and 
as  a  company  aforesaid,  are  bound  hereby  in  the  penal  sum  of  five  hundred  thousand 
dollars,  to  perform  the  duties  and  obligations  imposed  by  said  act  of  the  legislature; 
and  to  return  the  same  in  good  order,  as  set  out  in  said  act,  subject  to  the  conditions 
therein  expressed.     Given  under  our  hands  and  corporate  seal  of  said  company  this 

day  of ,  18 — ."    "Which  bond,  being  executed  by  the  parties  aforesaid,  and 

approved  as  aforesaid,  and  attested  by  the  governor,  shall  entitle  the  company 
ana  their  associates  to  all  the  rights  confeiTed  by  this  act:  Providedy  howererj  That 
said  company  may  associate  others  with  them  before  or  after  the  execution  of  said 
bond:  And  provided  furth.Vf  That  the  commonwealth  shall  have  a  lien  upon  all  the 
property  of  said  company  to  secure  a  compliance  with  the  stipulations  of  said  bond. 

$  12.  This  act  to  be  in  force  from  its  passage. 

Approved  March  9,  1 868. 


AN  ACT  to  amvud  aud  cxpUiu  aii  act  entitled  "An  act  to  iiicorT»orat«  the  Greeu  and  Barren  Rivor 

Navigation  Company,"  ai>proved  March  9,  1868. 

Whereas  an  act  entitled  "An  act  to  incorporate  the  Green  and  Barren  River  Naviga- 
tion Company,"  approved  March  9,  1868,  authorizing  said  company  to  collect  certain 
tolls  from  boats  and  other  things  navigating  said  livers  according  to  the  rates  estal)- 
lished  by  tne  board  of  internal  improvement,  as  then  applicable  to  the  Kentucky, 
Green,  and  Barren  River  lines  of  navigation,  and  whereas  the  rates  so  established  as 
applicable  to  the  Kentucky  River,  are  not  decerned  applicable  to  Green  and  Barren 
Rivers,  and  are  misleading;  and  whereas  complaints  have  been  made  that  said  com- 
pany have  violated  the  spirit  of  their  charter  by  giving  it  a  wrong  construction  to 
the  prejudice  of  the  public,  and  in  making  changes  not  contemplatiMl  therein,  and 
that  are  not  authorized  by  law ;  and  whereas  it  is  clear  that  said  company  have 
vested  rights  under  their  said  charter  that  cannot  be  impaired,  but  which  may  be 

•  confined  to  their  just  and  legitimate  limits:  Therefore  to  explain  and  limit  the  rights 
of  said  company  m  the  protection  of  the  public,  while  at  the  same  time  the  vested 
rights  of  the  said  company  must  be  resi)ected,it  is  now  enacted  by  the  general  assem- 
bly of  the  commonwealth  of  Kentucky : 

Skc.  1.  That  the  charges  herein  prescribed  and  limited  may  be  charged  by  said  com- 
pany against  boats,  barges,  aud  tnings  navigating  said  line  of  navigation,  and  no 
greater  charges  therefor  shall  be  made. 

Skc.  2.  That  the  rate  of  tolls  authorized  by  said  act  to  be  charged  against  boats, 
according  to  the  tonnage  rule  or  principle,  shall  not  apply  to  lM>ats  or  things  plying 
only  between  the  dams ;  but  all  boats,  barges,  and  other  crafts  plying  only  between 
the  dams  on  slackwater  in  said  line  of  navigation  shall  not  be  required  to  pay  any 

» other  or  greater  tolls  than  such  as  were  established  by  the  board  of  internal  improve- 
ment, and  that  were  in  force  at  the  time  of  the  passage  of  said  act,  and  that  were  ap- 
fdicable  alone  to  the  Green  and  Barren  River  line  of  navigation,  except  as  herein 
imited. 

Sec.  3.  No  boat  used  exclusively  in  towing  shall  be  recpiired  to  pay  tolls  according 
to  the  rules  of  tonnage  as  claimed  under  said  act.     Such  boats,  in  passing  the  locks 
and  dams,  shall  only  be  requiii'd  to  pay  two  dollare  therefor  at  each  h>ck  to  said  com- 
I»any. 
I   Skc.  4.  The  charge  of  two  dollars  lockage  claimed  under  said  act  shall  not  be  paid 

-on  any  raft  of  timber  passing  said  locks  aud  dams,  but  the  charges  shall  be  as  fixed 
bv  the  board  of  internal  improvement,  and  it  is  as  follows :  for  rafts  fifteen  feet  wide 
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and  under,  three  rent*  per  lineal  foot  at  each  lock ;  over  fifteen  feet  and  under  twenty 
feet  wide,  five  cents  per  lineal  foot  at  each  lock ;  rafts  twenty  feet  wide  and  under 
thirty  feet  wide,  six  cents  per  lineal  foot  at  each  lock  ;  rafts  thirty  feet  wide  and  under 
thirty-six  feet  wide,  seven  cents  per  lineal  foot  at  each  lock« 

Sec.  5.  No  flat-hoat  or  harge  starting  from  above  the  influence  of  slackwater  shall 
be  required  to  pay  any  tolls  except  for  passing  through  a  lock,  and  that  shall  not  ex- 
ceed the  rates  prescribed  by  law. 

Sec.  6.  No  flat-boat  or  barge  starting  within  the  influence  of  slackwater  shall  be 
required  to  pay  exceeding  two  dollars  lockacre  and  three  cents  per  lineal  foot  of  e^K 
bout  or  barge  at  each  Iock  ;  and  the  two-dollar  lockage  herein  anthorized  by  thia  sec- 
tion shall  not  be  chargeable  unless  the  boat  or  barge  actually  i>asse8  through  the  lock. 

Sec.  7.  No  flat-boat  or  barge  loaded  with  coal  or  stone  or  sawed  lumber  shall  be  re- 
quired to  pay  exceeding  two  dollars  lockage  and  six  cents  per  lineal  foot  for  sucb  boat 
or  barge  at  each  lock  ;  but  the  two  dollars  lockage  shall  not  be  chargeable  unle»i6  the 
boat  or  barge  actually  passes  through  the  lock. 

Sec.  8.  This  act  shall  take  eftect  and  be  in  force  from  and  after  its  passage. 

Approved  March  15,  1876. 


Acta  of  1878,  2)age  513,  chapter  432. 

Jk  it  enacted  by  the  general  assembly  of  the  eommonweaUh  of  Kentucky  : 

Sec.  1.  That  section  5  of  an  act  entitled  ''An  act  to  amend  and  explain  an  act  en- 
titled 'An  act  to  incorporate  the  Green  and  Barren  River  Navigation  Company,  ap- 
proved March  9,  1868,^  approved  March  15,  1876,"  be  amended  by  inserting  after  the 
word  barge  the  following :  "  or  rafts  of  logs  or  timber  of  any  kind." 

Sec.  2.  That  section  6  of  said  act  be  amended  by  adding  after  the  word  "  barge  ^ 
whenever  it  occurs  in  said  section  the  following :  "or  rafts  of  logs  or  other  timber. ' 

Sec.  3.  This  act  shall  be  in  eftect  from  and  after  its  passage. 

Approved  March  14, 1878. 


Appendix  D. 

commercial  statistics. 

Gkeen  and  Barrei^  River  Navigation  Company, 

Bowling  Oreenj  Ky.^  December  26,  1879. 

The  exports  of  Green  River  will  approximate  as  below  stated,  the  estinqate  Wing 
taken  from  the  books  of  our  company :  ^ 

Hogsheads  of  tobacco 6,000 

Bushels  of  com HH).<K<0 

Bushels  of  wheat 30,000 

Head  of  hogs 6,0n(i 

Head  of  cattle 2,<i00 

Staves .3,000.000 

Hoop-poles 1,500,000 

Saw-logs 200,  Oim 

Lumber,  feet 2.000,000 

Bushels  of  coal 2,000,000 

The  period  embraced  in  statement  was  for  one  year;  the  largest  portion  of  the  tradr 
of  Green  River  goes  to  Evansville.  Some  staves,  hoop-poles,  ancl  liitnber  go  to  New- 
Orleans.  Most  of  the  tobacco  goes  to  Louisville,  part  by  Bowling  Green  and  thence 
by  rail,  and  part  by  boat  via  Evansville.  The  grain  goes  to  Alabama  and  Georgia 
\\B,  Bowling  Green,  and  thence  by  rail.  Considerable  coal  goes  out  of  the  river  to 
Evansville,  but  the  larger  part  goes  to  Bowling  Green,  and  considerable  is  shipped 
from  thence  by  rail.  The  coal  of  Gre^n  River  is  of  superior  quality,  and  the  deuiao^i 
is  always  greater  than  the  supply,  and  the  supply  is  now  tenfold  more  than  five  years 
ago.  With  additional  slackwater  the  iron  and  coal  fields  of  Nolin  will  be  more  acces- 
sible and  largely  increase  the  supply. 

There  are  eight  steamboats  employed  on  Green  River  at  present,  two  as  passeu<;er 
and  freight  boats,  making  two  trips  a  week,  200  miles  between  Evansville  and  lk>nrl< 
ing  Green ;  the  others  are  engaged  in  towing  coal,  lumber,  staves,  hoo|)-poles,  &c.,  ia 
barges,  from  along  the  river  to  Bowling  Green  and  Evansville. 

Our  mineral  deposits  are  comparatively  undeveloped,  and  our  fertile  lands,  that  will 
produce  80  and  100  bushels  of  corn  to  the  acre,  are  not  half  in  cultivation. 
I  remain,  respectfully,  yours,  &c., 

E.  B.  Skkijiv, 

Col.  Wm  E.  Merrill,  Treatntrtr, 

Major  J  Corps  of  Engineers^  U.  <%  A. 
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IMPROVEMENT  OP  KENTUCKY  BIVEB,  KENTUCKY;  OP  BIO  SANDY 
BIYEB,  KENTUCKY  AND  WEST  VIBGINIA ;  AND  OF  GUYANDOTTB 
AND  LITTLE  KANAWHA  BIVEBS,  WEST  VIBGINIA. 


report  of  captain  james  w,  cutler,  corps  of  engineers,  offi- 
cer in  charge,  for  the  fiscal  year  ending  june  30,  1880,  with 
other  documents  relating  to  the  works. 

Unit;ed  States  Enginebb  Oppice, 

Cincinnati  J  Ohio^  August  3,  1880. 

Genebal  :  I  respectfully  forward  herewith  the  annual  reports  of  opera- 
tions for  the  fiscal  year  ending  June  30, 1880,  for  the  several  works  of  im- 
provement under  my  charge. 

Very  respectfully,  your  obedient  servant, 

Jas.  W.  Cuyleb, 


Brig.  Gen.  H.  G.  Wbight, 

Chief  of  EngineerSj  U.  8.  A. 


Captuin  of  Engineers. 


Y  I. 

IMPBOVEMENT  of  KENTUCKY  BIVER,  KENTUCKY. 

The  first  appropriation  for  this  river,  $100,000,  was  made  by  the 
river  and  harbor  act  of  March  3, 1879,  being  based  upon  the  report  of 
Maj.  W.  E.  Merrill,  United  States  Corps  of  Engineers,  on  the  survey  of 
the  Kentucky  Eiver,  dated  January  14, 1879.  The  first  and  prerequisite 
step  in  the  improvement  of  the  river  contemplated,  was  the  reconstruc- 
tion of  the  five  old  dams,  built  by  the  State  of  Kentucky  in  1835  to  1840, 
on  the  lower  82  miles  of  river,  and  the  putting  in  working  order  of  their 
corresponding  locks.  As  the  State  of  Kentucky  owned  these  works 
and  the  adjacent  land,  and  as  its  legislature  did  not  meet  till  in  the 
winter  of  1879-'80,  no  work  could  be  done  during  the  working  season  of 
1879,  as  title  and  jurisdiction  could  not  be  passed  to  the  United  States 
by  the  necessary  legislation  till  after  the  legislature  convened.  A  satis- 
factory act  of  cession  to  the  United  States  of  all  this  property  having 
been  ma<le  by  the  legislature  March  22,  1880, 1,  having  assumed  charge 
of  the  work  and  relieved  Maj.  W.  B.  Merrill,  was  instructed,  under  date 
of  April  30,  to  submit  the  necessary  projects,  and  begin  operations  upon 
approval  of  these.  As,  until  the  United  States  owned  the  works  and 
property  that  the  State  had  owned,  the  money  appropriated  was  not 
available  for  expenditure,  no  data  or  information  whereon  to  base 
115  E  1825 
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projects  for  actual  operations  had  been  collected.    It  becoming  necessary 
to  secure  these  immediately,  careful  surveys  of  the  river  at  locks  and 
dams  Nos.  1,  2,  3,  and  4  were  set  about,  and,  though  delayed  much  br 
the  continuous  high  stage  of  water  prevailing,  were  finally  made,  an! 
upon  their  results  a  detailed  plan  of  operations  matured,  having  in  vie? 
the  complete  restoration  of  the  old  slack  water  system  as  far  up  as  Frank 
ford,  or  the  four  lower  locks  and  dams,  covering  80  miles  of  the  river. 
Under  this  plan,  duly  approved,  and  the  estimated  cost  of  which,  as 
revised  from  the  original  estimate  of  M^'or  Merrill  and  based  niion  tbe 
actual  surveys,  would  exhaust  the  appropriation  of  March  3,  1879,  the 
large  amounts  of  timber,  stone,  and  iron  needed  to  reconstruct  in  t&to 
dams  Nos.  1,  2,  and  3  have  been  procured,  the  necessary  boats,  plant, 
&c.,  provided,  a  large  working  force  organized  and  equipped,  and  tk 
work  of  tearing  out  and  down  these  old  dams,  found  to  be  of  very  im- 
perfect construction  originally,  and  now  become  rotten  and  useless,  witii 
extensive  breaches  in  them,  in  which  a  scour  had  taken  place,  mnning 
from  20  to  50  feet  in  depth,  was  finally  begun  in  the  early  part  of  June. 
1880,  the  earliest  moment  practicable. 

Good  progress  has  been  made  in  this  work  of  demolition  up  to  the 
30th  of  June,  and  dams  Nos.  1  and  3  are  nearly  ready  to  begin  the  new 
work  on  them.  Quarters  and  kitchens  have  been  built  at  the  three 
dams  to  accommodate  the  employes,  wells  sunk,  and  the  old  lock-keep- 
ers' houses  and  out-biiildings,  which  had  lapsed  into  ruins  from  long 
neglect,  repaired  and  rendered  usable. 

Great  difficulty  has  been  experienced  in  the  practical  conduct  of  tJie 
work,  owing  to  the  general  scarcity  and  demand  for  labor  in  the  sur- 
rounding country,  the  total  lack  of  good  means  of  transportation  for 
materials  and  supplies,  lack  of  speedy  communication  between  the  sev- 
eral works,  and  the  bad  ijondition  of  the  river  and  the  old  works  them- 
selves. It  is  hoped  that  these  obstacles  to  good  progress  have  now 
largely  been  overcome,  and  that  the  close  of  this  working  season  wiD 
see  navigation  of  the  river,  practically  suspended  for  the  past  six  ye^tfs, 
reinaugurated. 

It  is  proposed  to  apply  the  funds  available  for  the  fiscal  year  ending 
June  30,  1881,  $100,000,  to  repair  and  renew  lock  and  dam  No.  5,  simi- 
larly to  the  four  lower  ones,  and  to  locate  and  build  lock  No.  6,  the  first 
of  the  new  series  of  works  for  the  extension  of  the  slackwater  system 
up  the  river  to  the  Three  Forks,  while  with  the  appropriation  asked  for 
the  fiscal  year  1881-'82,  the  dam,  a  permanent  one  for  lock  No.  6,  wiD 
be  built,  and  lock  and  dam  No.  7  also  located  and  built,  thus  extending 
the  new  sla<;k water  up  some  50  miles. 

The  plan  on  which  the  present  improvement  is  supposed  to  be  based 
is  that  set  forth  in  the  report  to  the  Chief  of  Engineers  of  Maj.  W.  E. 
Merrill,  of  date  January  14,  1879. 

Original  estimated  cost  of  this  plan $1,074,402  w 

Total  amount  appropriated : 

First  aiipropriatiou,  March  3,  1879 ;  last,  June  14,  1880 200, 000  «•• 

Total  amount  expended  to  date 1,829* 

The  original  estimate  is  insufficient  to  carry  to  completion  the  preseDt 
plan,  inasmuch  as  the  revised  estimates  for  the  work  of  repsur  on  tb<    i 
live  old  works  foot  up  to  $135,000,  against  the  original  estimate  (tf 
♦84,802. 

Probable  additional  sum  required  therefor |50,^ 

Probable  amount,  exclusive  of  former  appropriations,  for  **  eotire  and  p«r-  ! 

manent  completion  of  present  plan" 99L^    i 
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With  the  slackwater  system  "an  entire  and  permanent  completion'^ 
can  be  secnred,  a  certain  sam  being  allowed  annually  for  maintenance 
and  repairs.  The  latter  in  this  river  may  be  considerable,  as,  owing  to 
the  large  quantities  of  massive  drift  brought  down  each  spring  with  the 
sudden  and  high  rises,  it  is  impossible  to  avoid  some  damage  occurring 
to  the  works.  The  five  old  looks  are  also,  in  my  opinion,  injudiciously 
located,  and  are  constantly  liable  to  choke  up  in  their  approaches,  requir- 
ing dredging  out  to  keep  up  the  na^dgation. 

The  present  low-water  has  disclosed  the  presence  of  large  numbers  of 
snags  and  stumps,  which  will  require  to  be  removed  with  active  navi- 
gatioi;  resumed.  To  effect  this,  a  small  snag-b6at,  worked  by  horse  or 
man  power,  should  be  fitted  up  and  set  to  work  removing  these  obstruc- 
tions. 1  find  that  on  the  Green  and  Barren  rivers,  with  an  active  navi- 
gation and  the  works  well  kept  up,  that  th§  navigation  company  oper- 
ating these  rivers  has  been  obliged  to  build  and  operate  a  similar  boat. 
In  the  ca«e  of  the  Kentucky  Kiver  this  will  be  found  even  more  necessary, 
as  the  quantities  of  drift  brought  down  in  the  yearly  rises  are  much 
greater  than  on  the  Green,  and  also  heavier,  while  the  course  of  the  river 
lies  in  more  abrupt  and  sharp  bends. 

For  these  snagging  operations,  therefore,  I  estimate  an  additional 
sum  outside  of  that  required  for  the  slackwater  improvement,  of  $5,000. 
Amount  that  can  be  profitably  expended  during  the  fiscal  year  1881-'82, 
$135,000. 

Money  statement 

July  1,  1«79,  amount  available |100,000  00 

Amount  appropriated  by  act  approved  June  14, 1880 100, 000  00 

1200, 000  00 

July  1,  1880,  amount  expended  during  fiscal  year 1,829  09 

July  1, 1880,  amount  available • 198,170  91 

Amount  (estimated)  required  for  completion  of  existing  projects 942, 402  00 

Amount  that  can  be  profitably  expended  in  fiscal  year  ending  June  80, 1882 .       135, 00  00 


Y   2. 

IMPROVEMENT  OF  BIG  SANDY  RIVER  FROM  CATLETTSBURG,  KENTUCKY, 

TO  THE  HEAD  OF  NAVIGATION. 

The  operations  of  the  year  have  been  in  continuation  of  those  of  the 
previous  year,  to  wit,  improving  the  natural  channels  by  the  removal  of 
obstructions  in  them,  and  by  concentrating  the  water  of  low-water 
stages  into  one  channel  or  chute  over  the  bars  and  ripples,  by  means  of 
a  system  of  low  ripnip  wing-dams,  built  out  of  the  removed  i-ock.  The 
average  length  of  these  bars  and  ripples  is  from  100  feet  to  500  feet,  and 
the  average  depth  over  them,  obtained  by  the  improvement,  is  1  foot  in 
low-water,  an  average  gain  of  about  6  inches.  The  appropriation  of 
March  3,  1879,  on  which  the  operations  were  carried  on,  was  exhausted 
by  December  1,  1879,  since  which  no  operations  have  been  carried  on 
beyond  caring  for  the  public  property  of  the  work. 

The  progress  made  during  the  year,  and  the  general  condition  of  the 
work  June  30, 1880,  is  as  follows : 

The  raft  navigation  has  been  improved  decidedly  for  148  miles  of  river; 
the  navigation  for  push-boats  and  light- draught  steamboats  also,  to  a 
certain  extent,  during  the  low- water  season.    The  real  obstructions  to 
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this  latter  class  of  navigation  consist  in  the  bars  and  shoals  formed  by 
the  great  quantities  of  light,  moving  sand,  which  are  continually  chang- 
ing in  position  and  extent.  The  present  plan  is,  therefore,  incapable  of 
am)rding  a  radical  or  permanent  improvement  of  the  river,  though  if 
prosecuted  each  year  it  does  aftbrd  a  measure  of  immediate  relief  to  the 
surrounding  country. 

To  effect  a  permanent  improvement  it  is  proposed,  this  fiscal  year,  to 
initiate  slackwater  navigation,  by  locating  just  below  Louisa,  Ey.,  the 
point  of  confluence  of  the  two  forks,  a  lock,  and  with  the  appropriatica 
for  the  year,  $50,000,  purchase  the  necessary  land,  the  stone  and  iron, 
prepare  the  detail  drawings  and  specifications,  and  arrange  to  begin 
the  actual  construction  with  the  moneys  next  appropriated. 

The  location  of  this  lock  is  in  accordance  with  the  text  of  the  appio- 
priation  act  of  June  14,  1880,  and  with  it  constructed  a  pool  will  be 
formed,  extending  some  distance  up  the  Tug  and  Louisa  forks,  afford- 
ing secure  harborage  for  the  timber  and  coal  coming  down  the  forks, 
until  it  may  be  convenient  to  run  the  same  out  to  the  Ohio  River. 

The  general  plan  of  this  work  of  improvement  is  that  set  forth  in 
Maj.  William  B.  Merrill's  report  to  the  Chief  of  Engineern,  of  date  Feb- 
ruary 24, 1 876,  and  his  annual  reports  for  1878  and  1879,  to  wit,  improving 
the  natural  channels  for  raft  and  push-boat  navigation  in  low  stages, 
while  awaiting  a  suitable  time,  and  the  necessary  funds,  to  begin  the 

construction  of  locks  and  permanent  dams. 

« 

Original  estimated  cost  of  22  locks  and  dams $1, 922, 536 

Original  estimated  cost  improving  natural  channels 15, 000 

1,937,596 

(First  appropriation  June  18,  1878  ;  last  appropriation  June  14,  1880.) 

Total  amount  appropriated .. » 79,000  06 

Total  amount  expended  to  date 23.963  5S 

The  original  estimate  for  improving  the  natural  channels  has  been 
found,  as  was  indicated  by  Maj.  William  E.  Merrill  at  the  time,  insuffi- 
cient:  more  work,  for  eflPecting  this  species  of  improvement,  has  been 
found  necessary  than  was  originally  estimated  for. 

Probable  additional  sum  required  for  completion  of  projects  now  being 
worked  on |60,OW 

Amount  exclusive  of  former  appropriations  required  for  ''entire  and  per- 
manent completion" 1, 872, 008 

The  project,  so  far  as  the  locks  and  dams  are  concerned,  does  admit 
of  a  permanent  completion,  a  certain  yearly  sum  being  required  for 
maintenance,  repairs,  &c. 

The  plan  of  improving  the  natural  channels  does  not  admit,  from  its 
nature,  of  a  permanent  completion. 


THE  AMOUNT  THAT  CAN  PROFITABLY  BE  EXPENDED  DURING  THE  FISCAL  T£AR  1881- S 

1.  For  constructing  the  lock  and  dam  at  Louisa,  Ky.,  as  per  present  plan $60,091 

2.  For  improving  tne  natural  channels i>,a0i 

66, 0« 

The  first  item  I  consider  specially  important  to  have  provided,  in  oniff 
to  complete  the  lock  and  dam,  for  which  much  of  the  material  will  have 
been  purchased  with  the  appropriation  for  this  fiscal  year. 

I  attach  hereto  the  report  in  detail  of  my  assistant  in  local  charge, 
Capt.  E.  A.  Chase : 
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Money  statement 

July  1,  1879,  amount  available $11,708  01 

Amount  appropriated  by  act  approved  June  14,  1880, 55,000  00 

r-      1^.  708  01 

July  1,  1880,  amount  expended  during  fiscal  year 11,671  53 

July  1,  1880,  outstanding  liabilities 88  33 

11,759  86 

July  1,  1880,  amount  available 54,948  15 

Amount  (estimated)  required  for  completion  of  existing  project 1, 872, 000  00 

Amount  that  can  be  profitably  expended  in  fiscal  year  ending  June  30, 1882.        66  000  00 


keport  of  mr.  e.  a.  chase,  assistant  engineer. 

United  States  Engineer  Office, 

Cincinnati,  Ohio,  July  26,  1860. 

Captain  :  I  respectfully  submit  my  report,  of  operations  on  the  improvement  of  Big 
Sandy  River,  West  Virginia  and  Kentuctcy,  during  the  months  of  August,  September, 
October,  and  November,  1879,  at  that  time  under  the  direction  of  Major  William  E. 
Merrill,  United  States  Corps  of  Engineers. 

Oi>erations  were  commenced  August  25,  and  continued  until  November  20.  The 
work  was  done  entirely  by  hired  labor,  and  the  force  employed  was  divided  into  three 
parties— one  party  on  the  main  river  and  one  party  on  each  fork. 

MAIN   RIVER. 

Between  Catlettsburg,  Ky.,  and  Louisa,  Ky.,  a  distance  of  26  miles,  a  large  quan- 
tity of  solid  rock  was  removed  from  the  bends  and  bed  of  the  river ;  and  all  snags, 
stumps,  and  drift-piles  were  destroyed  and  removed  from  the  channel. 

# 

TUG  FORK. 

On  this  fork  the  party  began  work  at  Louisa,  Kv.,  and  worked  35.5  miles  to  War- 
field,  Ky. 

The  Falls  of  Tug,  the  main  obstruction  in  this  fork,  11  miles  above  Louisa,  were  im- 
proved by  lowering  the  head  of  the  falls  1  foot,  by  widening  the  chute  from  50  to  100 
feet,  building  riprap  wing-dams  to  confine  tlie  water  to  one  channel  in  low- water, 
and  by  removing  all  bowmers  and  loose  stone  from  the  bed  of  the  river. 

The  following  shoals.  Mulberry,  Douathan,  Rat^Ufi',  Coply,  Twin.  Winding,  Smith 
or  Blankenship,  Double,  Stansberry  or  Whitt,  Bull,  Turkey,  Big  Elk,  Home,  Mill, 
Jennie's  Creek,  Little,  Kirk,  Lick,  Marrowbone,  and  Buck  Creek,  were  also  all  im- 
proved by  widening,  deepening,  and  straightening  the  chutes,  building  low  riprap 
wing-dams,  and  removing  all  obstructions  Irom  the  chanuel  of  the  river. 

LOUISA  FORK. 

On  this  fork,  from  Louisa,  Ky.,  to  Piketon,  Kv.,  a  distance  of  HtvJ  miles,  47  shoals 
were  improved,  as  follows:  Twist  and  Wind,  Twin  Brother  and  Contrary  Shoals,  by 
blasting  and  breaking  up  the  l)owlders  and  confining  the  water  to  oi^e  channel,  by 
means  of  low  wing-dams  built  from  the  blasted  rock. 

Griffith's  Creek  Sand  Bar,  by  changing  the  channel  over  bar.  Fish  Trap,  Graves, 
Bumble  Bee,  Jot?  Border's  Ripple,  ancl  several  small  shoals  near  Lost  Creek,  Chesnut, 
Jas.  Davis,  Murray  Shoals,  Nathan  Border's  Ripple,  and  Little  White  House  Shoals, 
Big  White  House,  Vanhouse,  Red  House,  Wild  Goose,  Ward's  and  Greasy  Shoals,  were 
improved  by  blasting  large  rock,  and  removing  small  stones  and  gravel  from  the 
chutes,  and  repairing  the  old  wing-dams. 

The  following  were  improved  by  conKtructing  riprap  wing-dams:  L.  PreHt<m  Ripple, 
Wra.  Preston  Ripple,  Jas.  Preston  Ripple,  Butlalo  Shoals  (f  of  a  mile  long),  and  Twin 
Maple  Shoals. 

The  following  were  improved  by  removing  rock,  straightening  the  chutes,  ami  mak- 
ing the  channel  wide  enough  for  the  navigation  of  )>ush-boats,  the  only  boats  with 
which  it  is  possible  to  ascend  the  river  in  low-water:  Purgatory  Ripple,  Miller's 
Creek,  Bird  and  Preston  Shoals,  Parter  Ripple,  Anxier,  Hager,  and  Wiremau's  Shoals, 
Bay  Ripple  and  Moody  Shoals;  Abbot  Shoals  by  removing  stone  from  channel  and  cut- 
ting down  a  sunken  barge. 
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.    Middle  Creek  Sand  Bar  by  removing  snags  and  timber  piles,  half  bnried  in  the  sand, 
in  order  that  the  river  might  resume  it*  natural  bed.     Welt,  Davidson,  Joy,  Stntton'i, 
and  Long  Shoals  were  improved  by  blasting  and  removing  bowlders  and  large  stooe 
from  the  channel. 
The  following  table  shows  the  season's  work  on  the  Big  Sandy  and  it«  tributaries: 
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Respectfully  submitted. 


Capt.  Jas.  W.  Cutler, 

Corps  of  Engineers, 


E.  A.  Chase, 

Assistant  Emgincer. 


Y3. 


IMPROVEMENT  OF  OUYANDOTTE  RIVER,  WEST  VIRGINIA. 

The  operations  have  been  in  general  a  continuation  of  those  of  pre- 
vious years,  viz,  improving  the  natural  channel  of  the  river  for  raft 
navigation,  by  removing  the  natural  obstructions  in  the  river,  and  the 
artificial  obstructions,  in  the  shape  of  the  remains  of  the  old  lock  at  the 
Falls  of  Guyandotte  and  the  wreck  of  an  old  mill-dam  at  Little  Ugly 
Shoals. 

Summarized,  the  operations  covered  about  20  miles  of  river,  improving 
and  rendering  easier  for  rafting  this  stretch ;  and  with  the  operations 
of  the  previous  year  the  condition  of  the  river  may  be  said  to  hare 
been  measurably  improv<jd  for  this  kind  of  navigation  from  its  mouth  49 
miles  up. 

It  is  proposed  with  the  funds  appropriated  for  the  fiscal  year  1880-'81 
•  to  continue  present  operations,  extending  them  up  above  Logan  Court- 
House,  into  Wyoming,  and  possibly  McDowell,  County,  with  the  view  of 
improving,  firstly,  the  raft  navigation  over  the  entire  river,  and  th4m^  if 
funds  are  left,  to  begin  work  at  certain  special  points  with,  the  view  of 
improving  for  push-boat  navigation  by  the  construction  of  suitableehutes. 

The  funds  asked  for  for  fiscal  year  1881-82,  would  be  applied  toward 
the  continuation  and  enlargement  of  the  above  project. 

I  would  also  renew  the  recommendation  of  my  predecessor  that  the 
mill  privileges  of  the  two  private  mill-dams  on  the  river,  Rogers'  and 
Peck's,  authorized  by  State  charters,  be  purchased  outright  by  the  United 
States,  or  otherwise  the  proper  legal  steps  taken  to  cancel  the  charter 
The  general  plan  of  this  improvement  is  that  adopted  by  Maj.  WiUiam 
E.  Merrill  in  1878.  It  was  impossible  to  make  an  original  estimate  of 
cost  for  this  species  of  improvement. 

Total  amount  appropriated  to  dat«  (first  appropriation  June  18,  1878 ;  last 

appropriation  June  14,  18-iO) |5, 000  0^ 

Total  aniouut  expended  to  date %(B\^ 
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No  "permanent  or  entire  completion^  can  be  made  under  present 
project;  the  most  that  can  be  effected,  and  all  that  it  is  necessary  to 
effect  at  present,  is  to,  each  year,  remove  the  obstructions,  due  to  the 
previous  high-water,  and  gradually  enlarge  and  extend  the  improve- 
ment. 

.    AMOUNT   THAT  CAN  PROFITABLY  BE  EXPENDED  IN  FISCAL  YEAR   1881-'82. 

For  contiDuing  improvement $2,000  00 

Purchase  of  mill  privilegesi  probably 1,500  00 

Total 3,500  00 

I  attach  hereto  report  of  my  assistant,  Mr.  E.  A.  Cha^. 

Money  statement. 

July  1,  1879,  amount  available $1,148  09 

Amount  appropriated  by  act  approved  June  14,  1880 2, 000  00 

$3, 148  09 

July  1,  1880,  amount  expended  during  fiscal  year 839  31 

July  1,  1880,  amount  available 2,308  78 

Ajnount  that  can  be  profitably  expended  in  fiscal  year  ending  June  30, 1882.     3, 500  00 


report  of  mr.  e.  a.  chase,  assistant  engineer. 

United  States  Engineer  Office, 

Ctnotftfioii,  OhiOf  July  26,  1880. 

Captain  :  I  respectfully  submit  a  report  of  work  done  on  the  improvement  of  Gny- 
andotte  River,  West  Virginia,  during  the  months  of  November  and  December,  1879, 
and  January  and  February,  1880,  as  compiled  from  the  office  records.  The  work  was 
done  entirely  by  hired  labor  and  was  in  charge  of  Mr.  Hugh  Toney,  under  the  direc- 
tion of  Ma^j.  William  E.  Merrill,  United  States  Corps  Engineers. 

The  Falls  of  Guyandotte,  31  miles  from  the  mouth  of  the  river,  were  improved  by- 
cutting  down  the  old  lock  and  removing  rock,  snags,  and  stumps  from  the  channel, 
and  by  dredging  the  sand-bar  just  below  the  falls. 

McComas  Bend,  Madison  Bend,  and  Morris  Bend  w^re  improved  by  blasting  and 
removing  rock  and  gr%vel  from  the  bed  of  the  river,  and  snags  and  fallen  trees  from 
the  low-water  channel. 

Hamilton  Shoals  and  King  Shoals  were  improved  by  deepening  the  channel  and 
removing  all  obMtructions  from  the  bed  of  tbe  river. 

At  Little  U^ly  Shoals,  49  miles  from  the  mouth  of  the  river,  the  old  mill-dam  was 
removed,  making  a  good  channel  for  push-boats  and  timber  rafts. 

The  following  is  a  summary  of  work  done  during  last  season : 

Excavation,  sand-bars cubic  yards. .       800 

Solid  rock  blasted  and  removed do 300 

Number  snags  and  roots  removed 2, 148 

Number  stumps  removed - 200 

Number  fallen  trees  removed 600 

Number  leaning  trees  cut 400 

Respectfully  submitted. 

£.  A.  Chase, 

Aamtani  Engineer, 
Capt.  Ja8.  W.  Cuyler, 

Corps  of  Engineers. 


Y4. 

IMPROVEMENT  OF  LITTLE  KANAWHA  RIVER,  WEST  VIRGINIA. 

The  operations  have  been  in  continuation  and  enlargement  of  those  of 
1878-'79,  and  carried  on  with  a  view  to  render  raft  navigation  practicable 
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at  lower  Datural  stages  than  before,  and  to  facilitate  this  navigation,  ag 
well  as  that  of  push-boats  on  the  river,  from  the  head  of  the  present 
slackwater  up  to  Bulltown,  a  distance  of  82  miles.    To  carry  out  thii 
plan  the  natural  obstructions  to  navigation  have  been  removed,  timber 
chutes  provided  with  suitable  gates  built  in  private  inill-dams  to  pas 
rafts  through,  which,  otherwise,  would  be  held  in  the  i)ool  above,  andfa 
system  of  low  crib  dikes  filled  in  with  stone  built  at  numerous  shoals  to 
concentrate  the  water  into  one  channel  and  regulate  its  flow.    Good 
progress  was  made  in  these  several  departments  of  work,  and  the  con- 
dition of  the  river  on  June  30,  1880,  was  better,  for  the  objects  had  in 
view,  than  ever  before  5  considerable,  though,  remains  to  be  done  to  secure 
the  work  already  done,  and  to  obtain  its  full  utilization ;  the  means  avail- 
able were  small  for  the  length  of  river  worked  over,  and  much  of  the 
work,  especially  the  crib  dikes,  were  of  necessity  left  in  an  insecure  condi- 
tion or  not  carried  to  that  point  of  completion  that  is  required  in  order 
that  they  should  subserve  their  purpose ;  tliey  are  all  too  low  and  many 
need  extension,  while  also  in  the  details  of  construction  changes  are 
called  for.    I  attach  hereto  the  report  of  Mr.  William  E,  Strong,  the 
assistant  engineer  in  charge,  which  gives  full  details. 

The  general  plan  of  this  improvement  is  based  upon  the  report  to  the 
Chief  of  Engineers,  of  Maj.  W.  B.  Merrill,  United  States  Corps  of  En- 
gineers, dated  January  9,  1875,  proposing  the  improvement  as  above  in- 
dicated, and,  later,  the  gradual  extension  up  stream  of  the  slackwater, 
permanent  dams  being  used. 

Original  estimated  coet,  as  per  above  report : 

1.  For  slackwater  extension — -- T  |738,400 

2.  Improving  natural  channels 7,300 

Total 7^,700 

Total  amount  appropriated 58,900 

(First  appropriation  August  14,  1876 ;  last,  June  14,  1880. ) 
Total  amount  expended  to  June  30,  1880 43,300 

The  estimate  of  $7,300  for  improving  the  natural  channels  has  been 
found  insufficient,  firstly,  because  it  was  at  the  time,  necessarily,  bat  & 
general  or  approximate  estimate;  and,  secondly,  because  the  system 
actuaUy  adopted  has  been  enlarged  into  one  of  greater  elaborateness 
than  was  originally  contemplated. 

Probable  additional  sum  required  to  perfect  work  now  done,  on  improving 
natural  channels $10,000 

Amount  exclusive  of  former  appropriations  for  permanent  and  entire  com- 
pletion      900,000 

Amount  that  can  profitably  be  expended  during  fiscal  year  1881  and  1882 ,  80, 000 

Of  this  sum,  $70,000  will  be  needed  to  construct  and  complete  the  new 
lock  and  dam  near  Burning  Springs,  the  beginning  of  the  extension  up 
stream  of  the  present  slackwater.  With  the  $15,000  appropriated  by 
act  of  June  14,  1880,  the  detail  drawings  for  this  lock  and  dam  will  be 
made,  the  land  needed  acquired,  and  a  large  amount  of  the  stone  for 
lock  purchased — the  sum  being,  however,  too  small  to  begin  actual  ccm- 
struction  with.  It  will  be  very  important,  then,  in  1881-'82,  to  provide 
funds  needed  to  make  an  entire  completion  of  the  lock  and  dam,  so  that 
no  unfinished  work  in  either  structure  may  be  left  over  to  suffer  inevi 
table  deterioration  from  the  regular  winter  high- water  and  ice. 

The  balance  asked  for,  $10,000,  is  urgently  required  as  well,  to  finish 
the  work  already  done,  towards  improving  the  natural  river,  and  to  se- 
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care  the  same  against  a  destruction  likely  at  many  works  to  occar  at  no 
distant  time  unless  certain  changes  in  construction  and  extensions  are 
made. 

Money  statement 

July  1, 1879,  amount  available  .  - $27, 643  94 

Amount  appropriated  by  act  approved  Jane  14,  1880 15,000  00 

$42, 643  94 

July  1,  1880,  amount  expended  duHng  fiscal  year 27, 643  94 

July  1,  1880,  outstanding  liabilities 243  00 

27,886  94 


July  1,  1880,  amount  available 14,757  00 

Amount  (estimated)  reauired  for  completion  of  existing  project 900, 000  00 

Amount  that  can  be  profitably  expended  in  fiscal  year  ending  June  30,  1882.     80,000  00 


report  of  mr.  william  e.  strong,  assistant  engineer. 

United  States  Engineer  Office, 

Cincinnati,  Ohio,  July  31, 1880. 

Sir  :  I  have  the  honor  to  submit  the  following  report  of  operations  for  the  improve- 
ment of  the  Little  Kanawha  River,  West  Virginia,  during  the  year  1879,  at  that  time 
under  the  instructions  of  Maj.  William  £.  Merrill. 

Work  on  this  liver  began  May  24  and  ended  November  20.  Three  working  parties, 
each  under  the  command  of  a  superintendent,  were  organized.  Two  of  these  parties 
worked  during  the  entire  season  from  May  24  to  November  15. 

The  field  of  operations  for  the  first  of  these  was  from  Bulltown,  130  miles  above  the 
mouth  o^the  river,  to  Glenville,  104  miles  above.  That  of  the  second  was  frt)m  Glen- 
ville  to  the  mouth  of  West  Fork,  48  miles  above. 

Both  parties  were  engaged  in  the  work  of  removing  trees  and  undergrowth  from  the 
banks  of  the  river,  blasting  and  removing  rock  from  the  channel  and  banks,  plowing 
and  channeling  bars,  and  especially  in  the  construction-  of  crib-dikes  and  wing-dams 
of  timber  and  stone. 

A  third  party  was  organized  for  the  purpose  of  operating  a  snagging-flat,  which  was 
built  in  the  early  part  of  the  season  at  Glenville.  Work  was  begun  by  this  party 
about  the  1st  of  August,  and  continued  until  November  20. 

Their  operations  extended  from  Glenville,  104  miles  above  Parkersburg,  to  the  mouth 
of  Bull  Creek,  78  miles  above,  a  distance  of  26  miles. 

Extreme  low-water  during  the  entire  time  the  snagging  party  worked  greatly  hin- 
dered its  progress,  as  much  time  was  expended  in  warping  the  boat  down  the  numer- 
ous shoals ;  indeed,  it  was  usually  necessary  to  accumulate  a  head  of  water  by  build- 
ing temporary  dams  and  take  advantage  of  the  tide  created  by  afterward  removing 
them. 

When  there  was  sufficient  water  to  handle  the  boat  its  working  was  quite  suc- 
cessful. It  is  but  justice  to  the  interest  of  this  river  and  its  improvement  to  call 
attention  to  the  fact  that  such  low-water  as  was  last  summer  and  fall  was  altogether 
unprecedented. 

A  statement  of  the  work  done  by  the  snagging  party  will  be  found  in  tne  sum- 
mary at  the  end  of  this  report.  • 

In  planning  the  improvements  on  this  river  the  end  sought  to  be  gained  was  a  mean 
between  such  completeness  on  the  one  hand  as  requires  great  expense,  and  on  the  other 
such  cheap  and  temporary  construction  ns  with  limited  means  would  alone  admit  of 
going  over  the  entire  ground,  consequently  the  dikes  built  were  ou  an  average  only 
about  4  feet  in  height,  but  well  aud  strongly  built,  being  adapted  to  rafting  at  a  min- 
imum stage  of  water  rather  thau  a  higher. 

As  the  range  of  fioods  is  as  great  as  20  or  25  feet  above  low-water  it  is  impossible  to 
build  the  dikes  of  such  a  height  as  not  to  render  them  liable  at  times  to  be  struck  by 
ill-steered  rafts  or  boats. 

As  work  progressed  from  above  down  stream,  aud  as  the  funds  were  exhausted  before 
completing  the  system,  several  of  the  points  greatly  needing  improvement  have  had 
nothing  done  to  them,  aud  others  that  had  been  begun  were  left  quite  incomplete. 

It  is  believed,  however,  that  in  general  the  object  aimed  at  was  accomplished,  and 
that  rafting  is  now  practicable  at  a  much  lower  stage  of  water  than  ever  before,  and 
consequently  much  more  frequently. 
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DESCRIPTION  OF  WORK  DONE. 

Blasting  and  removal  of  rock  from  channel  and  banks.  As  one  side  or  other  of  tk 
river  is  usually  a  steep  and  rocky  hill-side  greatly  promoting  the  accnmnlation  (tf 
fragments  of  stone  in  such  places  as  to  become  obstructions  to  navigation,  the  sborc 
class  of  work  was  required  at  such  frequent  intervals  as  to  make  special  mention  d 
localities  undesirable.  Wherever  practicable  the  rock  so  removed,  ^sjr  used  for  filling 
the  cribs  of  dikes. 

CUTTING  AND  REMOVAL  OF  TIMBER  FROM  BANKS. 

The  greater  part  of  this  work  was  done  where  most  needed  on  the  upper  part  of  tha 
river.  From  Bulltown  to  Slant's  Mills,  9  miles  above  Glenville,  the  work  was  Terjr 
thoroughly  done. 

Below  Glenville  much  of  this  kind  of  work  had  been  already  done.  A  considenblA 
amount  was  done  during  the  season,  however,  and  with  the  result  of  a  river  practi- 
cally free  from  obstructions  of  this  kind. 

CONSTRUCTION  OF  CRIB  DIKES. 

Crib  dikes  were  built  at  the  following  places  above  the  mouth  of  the  river: 

Kilei. 

At  Buffalo  Shoals 125 

At  Slant's  Shoal 118 

At  Slant's  Island 117f 

At  Slant's  or  Spicer's  Mills 114 

At  Dusk  Camp  Shoal 113 

At  Sand  Fork  Island 112 

At  Lynche's  Bar Ill 

AtiMsh-Pot  Shoal 94 

AtMiddle-Run  Bar ^...    92 

At  Muscle  Shoals 90 

At  Rafferty's  Island 89 

At  Laurel*Shoals 87 

At  Leaf  Bank 76 

At  Stocking  Run 66 

At  Auna  Maria - 62 

At  West  Fork 4d 

BRUSH,   LOG,   AND  STONE  DAMS 

were  built  as  follows,  above  the  mouth  of  the  river : 

Hike 

At  Sycamore  Bar 106 

At  Red  Oak  Bar. 104 

At  Upper  Resor  Bar 102 

At  Middle  Resor  Bar lOlf 

At  Liower  Resor  Bar • lOlj 

At  Third  Run  Bar lOOJ 

The  crib  dikes  were  built  about  8  feet  wide  on  top,  vertical  on  the  river  face, 
slightly  battered  on  the  back,  with  base  about  9  feet  wide;  average  height,  4  feet 
Cross-ties  were  inserted  at  intervals  of  about  10  feet  between  each  course,  and  the  spaces 
filled  by  hand-packing  with  stone.  The  brush  and  stone  dams  were  less  carefollj 
built,  but  were  well  tied  together,  and  are  strong  and  durable  ;  cross-dams  connect- 
ing the  main  dike  with  the  bank  were  also  built. 

In  nearly  every  instance  where  dams  were  built  more  or  les?  channeling  of  th« 
contiguous  bars  was  done.    When  this  was  omitted  they  were  plowed  and  grubbed. 

CHUTES  IN  MILL  DAMS 

were  built  at  the  following  places,  above  the  mouth  of  the  river : 

AtCutlips 12« 

At  Spicer's ' 114 

At  Glenville 106 
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These  chutes  were  built  of  timber  cribs  filled  with  stone,  and  covered  with  6-inch 
sheeting  of  oak.  The  dams  in  which  they  were  built  were  from  1  foot  to  18  inches 
higher  than  the  laws  of  West  Virginia  allow.  The  chutes  were  kept  inside  of  legal 
limits  in  this  respect,  and  the  difference  in  height  from  the  remainder  of  the  dam 
made  up  by  a  movable  gate.  That  at  Glenville  was  made  to  act  automatically  by 
water  pressure  and  counter-balances,  for  a  minute  description  of  which  I  beg  to  refer 
you  to  my  monthly  report  for  the  month  of  November.  The  chutes  are  35  feet,  38 
feet,  and  40  feet  wide  respectively;  slope,  about  1.20. 

SUMMARY  OF  WORK  DONE  ON  UTTLE  KANAWHA  RIYBR  DURING  THB  TEAR  1879. 

Trees  cut 5,411 

Trees  deadened 5,107 

Saplings  cut 16,860 

Snags  cut  by  construction  parties 9,291 

Sna^s  removed  by  snagging  party 2,634 

Cubic  feet  in  snags  removM  by  snagging  party 90,411 

Tons'  weight  in  snags  removed  by  snagging  party ^. . .  2,  b96 

Foot  linear  crib  dams 11,133 

Foot  Jinear  brush  dams 3,712 

Cubic  feet  timber  in  dams *. 91,322 

Number  pounds  iron  in  dams 998 

Cubic  yards  stone  in  dams 15,863 

Cubic  feet  timber  in  chutes 16,613 

Pounds  iron  in  chutes , 5,667 

Cubic  yards  stone  in  chutes 1,134 

Cubic  yards  stone  removed 2,834 

Cubic  yards  gravel  removed 10,400 

Respectfully  submitted. 

Your  obedient  servant, 

William  E.  Strong, 

Aaaistant  Engineer, 
Capt.  Jas.  W.  Cutler. 
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nCPBOYEiyiENT  OF    WABASH    BIYEB,  INDIANA    AND    ILLINOIS,  AND  OF 

WHITE  BIYEB,  INDIANA. 


meport  of  major  jared  a,  smith,  corps  of  engineers,  officer 
in  charge,  for  the  fiscal  year  ending  june  30,  1880,  with 
other  documents  relating  to  the  works, 

United  States  Enqineeb  Office, 

Indianapolis^  Ind.j  July  17,  1880. 

Genebal  :  Herewith  I  forward  reports  of  operations  on  the  river  and 
harbor  improvements  in  my  eharge  for  the  year  ending  Jane  30, 1880. 
Very  respectfully,  your  obedient  servant, 

JABED  A.  Smith, 
Major  of  Engineers. 
Brig.  Gen.  H.  G.  Wbight, 

Chief  of  Engineers^  U.  8.  A. 


Z  I. 

IMPBOVEMENT  of  WABASH  BIVEfi,  INDIANA. 

At  the  beginning  of  the  year  a  contract  was  outstanding  for  building 
two  snag-boats  for  the  sum  of  $10,510.  In  order  to  commence  the  con- 
struction as  early  as  possible  the  contract  had  been  let  before  designs 
for  the  cabins  were  completed ;  these  were  subsequently  supplied,  and 
the  boats  were  entirely  finished  and  accepted  August  31.  The  entire 
expense  of  designing,  constructing,  and  fitting  the  boats  with  all  appli- 
ances, ready  for  work,  includiug  all  contingencies,  was  $7,000  each. 

In  constructing  the  two  boats,  it  had  been  with  the  purpose  of  oper- 
ating one  of  them  between  Terre  Haute  and  the  old  dam  near  Mount 
Garmel,  wtiile  the  other  was  to  be  employed  removing  snags  and  attend- 
ing to  other  work  below  the  last-named  place. 

As  there  was  a  great  necessity  for  other  work  besides  the  removal  of 
snags,  and  a  boat  being  needed  for  a  similar  purpose  in  the  White  Biver, 
authority  was  obtained  to  transfer  one  of  the  boats  to  that  river,  the 
cost  being  paid  from  the  appropriation  for  its  improvement. 

BEMOVAL  OF  SNAGS. 

The  snag-boat  for  the  Wabash  Eiver  was  employed,  from  its  com- 
pletion, until  December  4,  since  which  time  no  results  have  been  accom- 
plished, owing  to  winter  weather  and  high- water,  the  latter  having  pre- 
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vailed  to  a  most  anprecedented  extent  during  the  autumn,  winter,  aid 
spring. 

One  hundred  and  thirty-six  snags  were  removed  from  the  river  chan- 
nel, most  of  them  sawed  in  pieces,  and  all  of  them  deposited  in  sloogb 
or  such  other  places  as  seemed  to  give  the  least  opportunity  for  their 
return  to  the  channel. 

The  largest  snag  removed  was  computed  to  weigh  somewhat  mon 
than  30  tons  and  had  been  a  terror  to  navigators  for  many  years,  bdng 
known  as  the  "  white  horse.'' 

In  addition  to  this  work  the  boat  did  some  excellent  service  as  a  tow- 
boat,  for  which  it  is  well  adapted. 

DESCRIPTION  OF  SNAa-BOATS. 

As  the  boats  are  of  an  inexpensive  class,  and  are  found  admirably 
adapted  to  the  service,  besides  being  useful  for  various  other  purposes, 
drawings  showing  all  the  general  features  have  been  prepared,  and  are 
forwarded  on  a  single  sheet  to  accompany  this  report. 

The  hulls  were  built  of  pine,  and  are  120  feet  long,  24  feet  wide,  and 
4  feet  6  inches  depth  of  gunwale.  They  have  two  longitudinal  and 
three  cross  bulkheads  for  the  double  purpose  of  stififeuing  the  boats  and 
of  preventing  their  sinking  when  punctured  by  snags.  The  boat  which 
was  sent  to  the  White  Eiver  has  already  been  saved  from  sinking  by 
this  device. 

Their  draught  of  water  when  fully  coaled  is  22  inches,  and  ordinaiy 
speed  8^  miles  per  hour.  A  power  capstan  is  driven  by  engines  having 
cylinders  6  inches  bore  and  12  inches  stroke,  so  geared  as  to  give  27  turns 
of  main  shaft,  if  desired,  to  one  of  capstan.  The  power  may  be  stiU 
further  multiplied  by  the  blocks  and  falls  which  depend  firom  heavy 
sheers  on  the  bow. 

The  two  boilers  are  each  22  feet  long,  36  inches  in  diameter,  and  are 
ample  to  furnish  steam  for  both  propelling  and  hoisting  engines.  The 
cabins  are  plain,  and  sufficient  to  accommodate  only  the  working  crew. 
These  boats  are  not  expensive  to  work;  are  easily  handled;  can  run  in, 
very  little  water,  so  that  their  service  is  available  when  most  needed;  and 
although  in  some  small  points  they  might  be  moilified  to  advantage,  as 
a  whole,  it  is  believed,  their  cost  could  hardly  have  been  placed  with 
better  effect. 

During  the  spring  of  1880  the  boats  were  strengthened  by  a  betto" 
system  of  hog-chains,  a  longitudinal  oak  planking  of  the  bottoma,  and  a; 
plating  of  iron.  These  modiiications  are  shown  in  the  drawings.  Other' 
parts  of  the  boats  and  machinery  have  also  been  put  in  better  condition 
by  the  crew  employed. 

The  original  workmanship  by  contract  was  far  from  satisfactory,  al- 
though every  pains  was  taken  to  have  an  inspector,  believed  to  be  com- 
petent and  faithful,  constantly  present,  and  the  boats,  when  finished, 
presented  a  good  appearance.  Yet  several  important  repairs  and  alter- 
ations were  required  before  any  work  could  be  prudently  done.  My 
experience  and  ju<lgment  is  that  it  is  generally  quite  impossible  to  oh 
tain  first-class  work  by  contract  when  tie  price  to  be  paid  is  low. 

DAM  ACROSS  NEW  HABMONT  CUT-OFF. 

The  work  in  progress  at  the  close  of  the  last  fiscal  year  was  finished 
.September  30,  1879. 

A  drawing  of  the  work  as  completed  is  shown  in  Plate  1  aocompaogr- 
ing  report  for  fiscal  year  ending  June  30, 1879. 
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The  work  in  July,  Au^st,  and  September  consisted  of  remodeling 
the  top  of  the  old  work,  filling  it  with  stone,  and  covering  it  with  3-inch 
pine  plank. 

Two  additional  cribs  were  built,  20  feet  square  and  15  feet  deep,  and 
filled  with  stone.  Ten  other  cribs  were  completed  to  catch  the  drift 
above  the  dam. 

The  following  are  the  principal  details  of  the  work : 

20,206  linear  ff  et  of  logs  framed  into  cribs. 

1,632  cubic  yards  of  stone  obtained  and  placed  in  cribs. 
13,88:i  pounds  of  drift  bolts  made  and  driven. 

3,500  pounds  iron  spikes  driven. 
41,500  feet,  board  measure,  of  3-inch  plank  fitted  and  spiked  to  top  of  dam. 

1,500  square  yards  of  stone  paving  to  prevent  scour  of  earth  embankment. 

1,628  cubic  yards  of  earth  and  shale  placed  in  embankment. 
23  oak  piles  driven. 

BANK  PROTECTIONS  NEAR  GRAYVILLE,  ILLINOIS. 

The  work  in  progress  June  30, 1879,  was  completed  in  September  and 
left  in  a  condition  which  is  believed  to  be  permanent. 

The  plan  of  the  work  is  shown  on  Plate  No.  4,  accompanying  the  last 
annual  report.  It  now  consists  of  a  double  row  of  piles  about  5  feet 
apart,  in  each  row  the  space  being  filled  with  loose  brush,  the  tops  gen-' 
erally  passing  several  feet  outside  the  outer  row,  and  being  held  down 
by  layers  of  stone.  To  prevent  the  piles  being  wrenched  from  place  by 
drift  or  other  means,  they  are  cut  off'  at  a  height  not  exceeding  4  feet 
above  extreme  low-water. 

The  work  of  the  season  consisted  in  cutting  and  hauling  to  the  work 
450  piles  30  feet  long,  and  driving  the  same  an  average  depth  of  15  feet ; 
straightening  up  and  redriving  about  the  same  number  of  old  piles } 
catting  and  placing  in  work  776  cords  of  brush  ;  quarrying  and  trans- 
porting by  barges  to  the  work  1,428  cubic  yards  of  stone ;  sawing  oft' 
the  tops  of  1,875  hard-wood  piles;  planting  the  sides  of  levee  and  bank 
with  willows. 

*  aRAND  CHAIN. 

A  small  party  was  placed  upon  this  work  August  12,  and  continued 
until  the  end  of  October,  when  operations  were  suspended  owing  to 
high-water. 

Work  was  confined  to  the  last  dike,  that  being  considered  the  most 
important. 

Two  hundred  and  fifty  linear  feet  of  the  dike  was  raised  to  grade  and 
paved.  The  work  included  placing  in  the  dike  1,927  cubic  yards  of 
stone,  151  cubic  yards  of  paving  stone  being  purchased  and  transported 
by  barges  to  the  dike. 

BANK  PROTECTIONS. 

To  protect  the  bank  from  cutting  and  injuring  the  channel  near  the 
landing  at  New  Harmony,  91  hard- wood  piles  were  driven  a  depth  of  15 
feet.  The  piles  were  furnished  and  other  necessary  work  was  done  by 
the  citizens  of  the  place. 

At  Hodges'  Landing,  4  miles  below  New  Harmony,  a  small  island  or 
^^towhead"  ^rows  the  current  against  the  bank,  widening  the  channel 
where  a  bar  already  existed.  The  foot  of  the  bank  was  therefore  pro- 
tected by  a  single  row  of  piles  5  feet  apart,  extending  300  feet.  The 
piles  were  30  feet  long,  driven  15  feet,  and  cut  off  in  the  same  manner 
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as  at  other  works  already  mentioned ;  78  cubic  yards  of  stone  wcw 
placed  on  the  brush. 

DAM  ACROSS  CUT-OFF  AT  LITTLE   CHAIN. 

Pursuant  to  the  plan  discussed  in  the  last  aoDual  report,  a  dan  d 
piles,  brush,  and  stone  was  constructed  near  the  head  of  the  cut-off,  u 
indicated  on  Plate  8  of  report  for  1879.  The  work  consists  of  three  ron 
of  piles  filled  in  with  loose  brush  weighted  down  by  stone.  The  piles 
are  at  intervals  of  5  feet,  and  the  rows  are  15  feet  apart.  The  shorn 
are  protected  for  20  feet  above  and  100  feet  below  the  dam. 

For  this  work  172  hard  wood  piles  were  cut,  banled,  and  driven,  the 
trees  being  purchased  as  they  stood. 

Three  hundred  and  forty-eight  cubic  yards  of  stone  were  guarried 
upon  the  shore,  and,  as  the  water  was  extremely  low,  the  stone  wu 
transported  in  flat-boats  propelled  by  hand  to  the  head  of  the  cat-ofl^ 
thence  carried  in  carts  to  the  dam  and  wheeled  to  its  place  on  the  hmsh. 

WINKLER'S  BAR. 

As  soon  as  the  force  could  be  spared  from  other  works  a  wing-daa 
was  commenced  at  this  place,  as  indicated  on  Plate  No.  6  accompaDjin^ 
the  last  annual  report.  It  was,  however,  October,  and  before  mach 
work  was  accomplished,  operations  were  suspended  owing  to  high  water, 
which  has  since  prevailed  almost  continuously.  One  hnndred  and  ttfty- 
two  hard  wood  piles  were  cut  and  hauled  to  the  work,  and  131  piles 
driven  in  the  work.  Two  hundred  and  forty -three  cords  of  brush  were 
cut,  hauled,  and  placed  in  the  dam.  One  hundred  and  twenty  cubic 
yards  of  stone  were  procured  and  placed  on  the  brush.  This  work  will 
be  completed  the  ensuing  season. 

WARWICK'S  RIPPI^. 

A  small  party  commenced  work  at  this  place  in  October.  Notwitli- 
standing  former  efforts  to  remove  all  the  old  coffer-dam  left  by  a  failing 
contractor,  55  timbers  and  12  planks  were  found  and  removed  from  the 
channel. 

The  removal  of  the  lower  reef  was  first  commenced  with  ordinary  blast- 
ing powder,  but  was  afterwards  continued  with  dynamite  exploded  with 
platinum  fuses  and  a  dynamo-electric  machine. 

The  work  was  considered  largely  experimental,  as  it  was  too  late  in 
the  season  to  expect  any  extensive  results.  The  only  means  of  remov- 
ing the  broken  rock  from  the  channel  was  by  men  standing  waist  deep 
in  water  where  the  current  was  so  rapid  that  it  was  difficult  to  keep  % 
footing ;  in  one  instance  a  man  was  swept  from  the  rock  and  carried  % 
half  mile  below  before  reaching  the  shore.  A  part  of  the  middle  reef  and 
all  the  lower  one  was  remov^,  greatly  improving  the  channel,  thoa^ 
the  work  is  still  incomplete. 

SURVEYS. 

A  detailed  survey  of  the  river  has  been  made  from  Bone  Bank  to  its 
month,  a  distance  of  9  miles.  This  completes  a  continuous  survey  for 
26  miles,  besides  various  special  surveys,  all  of  which  have  been  care 
fully  reduced  and  platted. 
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CONDITION  OF  THE  RIVEB. 

There  are  numerous  snags  in  the  channel  along  the  entire  navigable 
portion,  notably  within  10  miles  of  the  river's  mouth.  At  extreme  low- 
water  these  snags  are  serious  and  dangerous  obstructions.  Several  bars 
exist  where  wing-dams  may  be  advantageously  used  to  increase  the 
depth  of  water.  A  constant  source  of  injury  to  the  channel  is  the  under- 
mining and  cutting  away  of  banks,  thus  widening  the  channel,  filling  it 
with  snags,  and  doing  other  mischief. 

The  remainder  of  the  reef  at  Warwick's  Eipple  is  a  serious  obstruction 
at  low-water  5  the  Grand  Chain  requires  considerable  further  work  to 
make  the  low-water  channel  good ;  the  Little  Chain  is  the  worst  ob- 
struction below  the  rapids  near  Mount  Caruiel.  These  obstructions 
were  fully  described  in  the  last  annual  report.  Another  place  requir- 
ing further  improvement  is  at  Coffee  Island,  a  few  miles  below  Mount 
Cannel. 

With  these  improvements  the  navigation  will  be  good  at  all  stages  of 
water  from  the  mouth  of  the  river,  a  distance  of  more  than  90  miles,  to 
the  mouth  of  the  White  Kiver. 

Although  numerous  boats  navigate  the  riv^er  above  the  rapids  at  this 
point,  they  will  be  the  head  of  continuous  navigation  on  tlie  Wabash 
River  until  the  old  lock  and  dam  are  rebuilt. 

PROJECT  OF  WORK  FOR  ENSUING  YEAR. 

The  appropriation  of  $25,000  for  continuing  operations  during  the 
next  year  will  be  as  nearly  as  practicable  applied  as  follows,  viz : 

1.  Employing  snag-boat,  removing  snags  from  river,  and  towing  barges 
when  necessary. 

2.  Completing  work  at  Warwick's  Eipple. 

3.  Continuing  work  on  project  for  improvement  at  Grand  Chain. 

4.  Completing  wing-dam  at  Winkler's  Bar,  and  such  other  similar 
w^ork  as  the  available  funds  permit. 

5.  Continuing  survey  of  channel  above  Little  Chain. 

IMPROVEMENTS   NEEDED. 

All  the  necessary  work  cannot  be  definitely  described  nor  its  expense 
accurately  estimated  until  complete  surveys  have  been  extended  over 
the  entire  distance.  Most  of  them  were  indicated  in  a  general  way  in 
describing  the  condition  of  the  river,  and  it  is  believed  that  all  the  prin- 
cipal and  most  necessary  improvements  below  Mount  Carmel  can  be 
completed  for  $150,000,  provided  the  appropriations  ai*e  so  made  as  to 
permit  doing  the  work  in  one  or  two  seasons.  With  small  appropria- 
tions the  most  important  improvements  cannot  be  judiciously  under- 
taken, as  their  cost  is  largely  increased  by  being  several  years  in  progress, 
and  there  is  no  certainty  of  their  completion.  As  a  result,  numerous 
small  improvements  are  made  which,  while  they  benefit  the  navigation, 
are  not  vital,  and  the  essential  works  are  thus  constantly  left  upon  the 
list  lobe  done  in  the  indefinite  future,  and  the  annual  estimates  for  their 
completion  are  but  little,  if  any,  reduced  by  the  work  alrea<ly  accom- 
plished. 

The  invitation  to  commerce  extended  by  recent  improvements  has 
been  extensively  honored,  though  the  importance  of  the  river  as  an 
outlet  for  the  vast  agricultural  productions  of  its  valley  seems  to  be  too 
little  appreciated. 
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The  part  of  the  river  where  improveinents  have  hitherto  been  nak 
lies  between  two  of  the  greatest  prodnciug  States  in  the  Union,  anda 
part  of  either  State  is  more  productive  than  its  valley. 

I  again  submit  the  estimate  for  a  lock  and  dam  at  Mount  Carmel,  ani 
would  recommend  that  a  separate  appropriation  of  not  less  than  $25,001 
be  made  for  commencing  the  work  and  making  the  necessary  designs  for 
its  completion. 

Estimate  for  completing  lock  and  dam  at  Grand  Rapids .  .• |K)t\  OQ(f 

Engineering  contingencies 15. (• 

145,  (>• 

The  first  collection  district  of  Indiana  is  adjacent  to  the  works  of  luiprovemenL 
The  nearest  port  of  entry  is  Evansville,  Ind. 

Amount  oi  revenue  collected  in  last  fiscal  year,  $6,596.71. 

Money  statement, 

July  1,  1879,  amount  available $34,695  f»6 

Amount  appropriated  by  act  approved  June  14,  1880 25,000  00 

$59, 6K>  56 

July  1,  1880,  amount  expended  during  fiscal  year..  33,702  39 

July  1,  1880,  outstanding  liabilities 989  36 

34.69175 


July  1,  1880,  amount  available 25.003  81 

Amount  that  can  be  proHtably  expended  in  fiscal  year  ending  Jane  30,18^.  100,  (X^)  00 


Z   2. 

IMPROVEMENT  OF  WHITE  RIVER,  INDIANA. 

By  act  of  March  3,  1879,  au  appropriation  of  $25^000  was  made  for 
this  improvement,  but  as  the  amount  was  temporarily  withheld  from 
expenditure  bo  work  could  be  done  nor  preparations  made  during  th« 
early  part  of  the  season. 

On  the  2d  of  August  authority  was  received  to  commence  the  woxt 
of  improvement. 

As  my  only  knowledge  of  the  river  was  from  the  huiTied  reconnais- 
sance on  which  the  project  of  improvement  and  estimate  had  been  based, 
it  was  determined  to  limit  the  seiison's  work  to  the  removal  of  snags 
and  to  making  a  survey  of  Kelly's  Ripple,  which  forms  the  most  exten- 
sive obstruction  in  the  portion  of  the  river  to  be  improved. 

The  necessary  barges  and  apparatus  were  procured  and  the  work  of 
removing  snags  w^s  begun  on  the  19th  of  August.  This  was  continued 
one  week,  when  the  overseer  was  taken  sick  and  suspended  oi)eratioD$ 
without  consultation  with  the  officer  in  charge  of  the  work. 

Six  large  snags  were  removed  from  the  channel  above  Hazelton. 

As  the  snag-boat  was  soon  to  be  completed,  work  with  this  party  wa« 
not  resumed. 

On  the  1st  of  September  the  snag-boat  started  fix)m  Jeflferson\ille,  ami 
owing  to  a  high  stage  of  water  was  enabled  to  proceed  at  ouce  to  the 
White  River  and  to  pass  the  rapid  at  Kelly's  Ripple. 

Work  with  the  snag-boat  was  continue4l  until  into  the  month  of  De- 
cember, when,  owing  to  high-water,  no  further  work  could  be  done  and 
\  the  boat  was  laid  in  a  safe  w  inter  harbor  on  the  Wabash  River,  near 

New  Harmony,  Indiana.    Two  hundred  and  seventy-seven  snags  wer& 
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removed  by  the  boat,  most  of  them  being  very  large  and  requiring  to  be 
cut  in  several  parts  before  they  could  be  placed  where  they  would  not 
again  enter  the  channel. 

The  weight  of  the  largest  snag  as  calculated  by  measurement  was  59 
tons.    All  were  more  or  less  iml^dded  in  the  bottom. 

The  bottom  of  the  boat  was  several  times  punctured  by  snags  and 
wa«  prevented  from  sinking  only  by  the  water-tight  compartments. 

Many  large  piles  of  drift  which  were  lodgeil  upon  the  shores  ready  to 
be  again  floated  into  the  channel  with  a  rise  of  water  were  cut  and 
burned  up,  and  a  large  number  of  trees  were  cut  and  removed  to  pre- 
vent their  falling  into  the  river  and  adding  to  the  obstructions  already 
there. 

The  roughness  of  the  service  had  been  so  great  as  to  render  it  impru- 
dent to  attempt  another  season's  work  with  the  snag-boat,  until  after 
the  bottom  had  been  re-ei>forced  and  other  parts  of  the  boat  strength- 
ened. The  bottom  was  therefore  covered  with  oak  plank  and  the  for- 
ward rake  and  bows  further  strengthened  with  boiler  iron. 

About  the  1st  of  June  the  boat  and  crew  were  again  sent  to  the  White 
River  to  resume  work  removing  snags,  but  as  the  water  remained  at  a 
very  liigh  stage  the  entire  month  no  snags  could  be  removed. 

SURVEY. 

In  order  to  determine  definitely  the  improvements  required  as  well  as 
the  best  methods  to  follow,  a  survey  of  the  river  was  begun,  and  ex- 
tended from  the  railroad  crossing  at  Mount  Carmel,  on  the  Wabash 
River,  to  a  short  distance  above  Kelly's  Ripple,  on  the  White  River,  a 
distance  of  about  6  miles.  The  work  has  been  platted  on  a  scale  of  200 
feet  to  1  inch  and  the  portion  covering  the  ripple  is  also  platted  on  a 
scale  of  100  feet  to  1  inch. 

WORK  FOR  ENSUING  YEAR. 

It  is  proposed  during  the  ensuing  year  to  continue  the  removal  ot 
snags  all  the  time,  when  such  work  may  be  practicable.  Further  inform- 
ation of  the  river  will  be  obtained  by  extending  the  survey  already  be- 
gun. Various  small  works  are  contemplated  for  confining  the  current 
by  bank  protections  and  wing-dams,  with  the^  purpose  of  making. the 
channel  deeper. 

FUTURE  REQUIRE^klENTS. 

In  order  to  connect  the  navigation  of  this  river  with  the  Wabash 
River  at  all  stages  of  the  water,  it  is  necessary  that  a  good  channel  be 
made  past  the  reef  at  Kelly's  Ripple.  A  careful  surs^ey  of  this  obstruc- 
tion has  been  made  and  a  map  showing  the  improvements  contemplated 
is  forwarded  to  accompany  this  report. 

It  is  proposed  to  make  a  straight  cut  100  feet  wide  through  the  reef, 
and  3 J  feet  deep  measured  from  the  surface  of  low- water;  and  to  raise 
a  dike  of  timber  and  stone  2  feet  above  low- water,  and  20  feet  wide 
on  the  north  side  of  the  cut  j  a  small  dike  to  be  built  on  the  south  side, 
if  found  necessary.  This  will  require  the  removal  of  10,000  cubic  yarils 
of  rock,  at  $1.50  per  cubic  yard,  and  the  construction  of  3,000  feet  of 
dike,  at  3J  dollars  per  foot,  making  a  total  of  $25,000. 

The  removal  of  snags  is  of  vital  importance  as  without  it  no  low- water 
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navigation  is  practicable.  The  necesssaiy  and  coutingent  expend  4 
this  work  for  one  year  cannot  safely  be  pla.ced  at  less  than  il(iM 
The  survey  of  the  river  should  be  continued  during  the  short  iteriod^ 
extreme  low- water. 

Numerous  other  smaller  works  are  required  for  improving  the  chu 
nel ;  they  will  consist  principally  of  piles,  brush,  and  stone,  but  cznm 
be  definitely  describeil  until  the  locations  are  surveyed. 

The  estimate  for  the  entire  improvement  of  the  river  submitted  in  dt 
letter  of  December  31, 1878,  was  based  upon  information  obtained  in  a 
reconnaissauce  made  at  the  rate  of  10  miles  per  day,  and,  although  I 
believe  it  is  as  nearly  correct  as  the  data  permitted,  yet  it  is  not  sd 
ficiently  definite  to  submit  as  a  complete  project. 

The  agricultural  and  commercial  interests  reached  by  this  work  an? 
very  large,  and  I  am  satisfied  that  the  benefits  to  be  gained  are  largdy 
in  excess  of  the  cost  of  the  necessary  impro^ments. 

The  work  can  be  done  more  economically  and  the  commercial  inter 
ests  will  be  correspondingly  advanced  by  making  the  improvement^  mt 
rapidly  as  possible,  and  I  therefore  recommend  an  appropriation-  of 
$75,000  for  the  year  ending  June  30,  1882. 

Money  siatenxent, 

July  1,  1879,  amount  available $-2.%,  000  00 

Amount  appropriated  bv  act  approved  June  14,  I8d0 .     20,  000  00 

#45,000  0^ 

July  1,  1880,  amount  expended  during  fiscal  year 20,  iS7S5 

July  I,  1880,  amount  available ^.ia»6 

Amount  that  can  be  profitably  exi>ended  in  fiscal  year  ending  June  30,  1882. .  75, 000  •» 
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survey  of  kankakee  river,  indiana  and  illinois. 

United  States  Engikbeb  Office, 

Indianapolis,  Ind.,  Fehrtmry  25,  1880. 

General  :  I  have  to  submit  the  following  report  of  a  sur\'ey  upoi 
the  Kankakee  River,  together  with  a  general  estimate  of  the  ooet  of 
such  works  as  will  be  necessary  to  make  the  riv^er  navigable  by  slack- 
water  as  far  up  as  Momence,  111.,  the  river  being  already  navigaUe 
above  that  point  for  100  or  more  miles.  '  „ 

An  examination  of  this  river  had  been  made  in  the  autumn  of  1878,   [' 
under  the  provisions  of  section  2  of  the  river  and  harbor  act  of  June  18, 
1878,  the  report  being  printed  as  H.  E.  Ex.  Doc,  No.  73,  Forty-iftt 
Congress,  third  session. 

Mr.  Henry  Custer  was  employed  to  conduct  the  field  and  office  work 
for  constructing  the  maps  and  estimates.  The  field-work  was  begoo 
September  2  and  closed  December  2, 1879. 

The  survey  extended  from  the  head  of  the  present  slaekwater  nari- 
gation,  a  short  distance  above  Wilmington,  111.,  to  a  point  1^  miie^ 
above  the  dam  at  Momence;  it  was  carefully  made,  and  sufficiently  ib 
detail  to  afford  means  for  devising  a  general  plan  of  the  necessary  work 
and  an  estimate  of  its  cost. 
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The  entire  distance  surveyed  is  about  36  miles,  and  the  difference  in 
the  level  of  the  pools  was  ascertained  to  be  73.82  feet. 

To  connect  these  levels  by  slackwater,  Mr.  Custer  proposes  to  con- 
struct three  locks  with  lifts  of  8.5  feet  each,  and  four  locks  having  lifts 
of  12  feet  each,  and  to  avoid  the  most  rapid  places  in  the  river  by  canals 
along  or  near  the  bank  a  total  length  of  12  miles,  the  number  of  dams 
would  thus  be  reduced  to  four,  having  an  average  height  of  10.5  feet 
and  length  of  700  feet.  Three  of  these  dams  are  already  built,  but  would 
require  extensive  repairs  or  reconstruction. 

As  it  has  been  impracticable  to  complete  all  the  maps  on  a  large  scale 
in  time  to  accompany  this  report,  a  small  map,  showing  the  river  in  Illi- 
nois, with  its  connections,  and  the  location  of  improvements  suggested, 
has  been  prepared,  and  is  forwarded  herewith. 

The  essential  works  recommended  by  Mr.  Custer  are  the  following: 

To  rebuild  the  two  dams  at  Momence,  a  total  length  of  649  feet  and 
height  of  6  feet,  which  would  place  the  crests  6  inches  below  those  of 
the  present  dam.  Thence  from  a  point  above  the  lower  dam  a  canal  to 
be  made  along  the  river  bank  a  distance  of  4  miles,  to  the  head  of  the 
island  indicated  on  the  map  as  "A.''  In  this  canal  it  is  proposed  to 
place  two  locks,  each  having  a  lift  of  8.5  feet. 

Thence  the  river  channel  is  followed  to  Waldron,  where  the  present 
dam  is  to  be  repaired  or  replaced  by  one  10  feet  high  and  580  feet  long. 

At  Waldron  a  second  canal  is  located,  its  length  being  4,000  feet  and 
containing  a  lock  having  a  lift  of  8.5  feet.  Tlience  to  Kankakee  the 
navigation  will  be  by  river  channel. 

At  Kankakee  the  present  dam  would  be  repaired  or  rebuilt  540  feet 
long  and  10  feet  high,  the  pool  communicating  with  the  next  below  by 
a  canal  13,200  feet  long,  containing  one  lock  with  a  lift  of  12  feet. 

The  next  dam  occurs  at  Altorlf,  being  shown  in  two  parts,  a  total 
length  of  1,054  feet  and  height  of  16  feet.  Below  this  place  the  river 
is  rapid  for  a  considerable  distance,  and  requires  a  canal  25,350  feet 
long,  with  three  locks,  each  having  a  lift  of  12  feet.  The  foot  of  this 
canal  is  near  Hanford's  Landing,  and  thence  the  Illinois  and  Michigan 
Canal  may  be  reached  by  boats  drawing  4J  feet,  through  works  already 
completed  by  the  Kankakee  Company.  The  locks  of  the  Kankakee  im- 
provement are  100  feet  long  between  the  gate  recesses,  and  18  feet  3 
inches  wide,  the  recesses  for  the  gates  being  12  J  feet  long.  They  admit 
boats  105  feet  long,  17^  feet  wide,  drawing  4J  feet  of  water,  which  per- 
mits a  freight  of  100,000  feet  of  lumber,  or  5,800  to  5,900  bnsnels  of  com. 

As  but  little  can  be  gained  by  making  the  new  locks  larger  than  those 
through  which  boats  must  pass  to  reach  the  Illinois  River,  the  estimate 
is  based  upon  the  dimensions  given,  with  a  depth  of  7  feet  water  over  the 
mitersills. 

The  maps  thus  far  completed  by  Mr.  Custer  are  not  suflBcient  for  a 
definite  estimate  of  the  excavation  and  other  work  required  to  construct 
the  canals  he  has  recommended. 

The  banks  are  described  as  increasing  in  height  as  the  river  is  de- 
scended, which  indicates  that  the  adjacent  lands  are  more  nearly  level 
than  the  stream.  The  cutting  for  a  canal  must  therefore  generally  be  tp 
a  considerable  depth.  The  water  should  be  at  least  7  feet  deep,  ana 
for  present  purposes  I  would  place  the  average  width  of  canal  as  40  feet, 
which  would  make  it  cost,  including  all  items,  at  least  $3  per  foot  of 
length. 
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With  this  explanation,  I  make  the  follo\*ing  estimate : 

For  three  masonry  locks,  each  having  a  lift  of  8.5  feet,  at  $3r>,000  each |H»5,<i* 

For  four  masonry  locks,  each  having  a  lift  of  12  feet,  at  $45,000  each l-'O.OI: 

For  63,000  linear  feet  of  canal,  at  $3 \^M 

For  constrnction  and  repair  or  dams oO/m 

Removing  reefs  and  other  obstructions **.Wi 

This  amount  is  largely  in  excess  of  that  submitted  in  my  re])ort  d 
December  31,  1878,  which  was  based  upon  an  estimate  made  by  Mr.  t 
S.  Waters,  the  former  engineer  of  the  Kankakee  Company. 

A  protracted  illness  has  prevented  my  making  sucli  an  examinatioB 
of  the  localities  and  study  of  details  as  would  enable  me  to  jadg^ 
whether  the  works  proposed  by  Mr.  Custer  were  the  best  that  could  be 
devised.  I  believe,  however,  that  they  are  in  the  main  well  considered, 
and  that  the  estimate  as  a  total  will  not  exceed  the  actual  cost. 

I  have  felt  less  regret  at  my  inability  to  personally  supervise  the  pro^ 
ject  for  improvement  than  I  would  have  had  were  the  objections  to  iu 
being  undertaken  by  the  United  States,  for  the  present  at  least,  less 
numerous  and  forcible. 

A  considerable  section  both  of  Illinois  and  Indiana  would  be  Ijene 
fited  by  the  work,  but  to  what  extent  is  not  ieasy  to  ascertain.  A  com 
mittee  of  citizens  was  recently  formed  to  collect  statistics  bearing  upon 
this  subject.  In  response  to  my  inquiries  a  copy  of  the  reix>rt  has  been 
furnished  me  and  is  forwaixled  herewith.  A  further  statement  of  the 
probable  benefits  will  be  found  in  the  letters  of  Mr.  ^N^aters,  hereafter 
mentioned. 

The  Kankakee  Company  owns  certain  exclusive  privileges  obtaind 
from  the  State  of  Illinois,  besides  rights  obtained  by  purchase:  tbeee 
include  the  right  to  make  the  river  navigable  by  slackwater,  collect 
tolls,  rent  or  lease  water  power,  &c.  In  order  to  ascertain  the  status  of 
tliis  company  and  ^  alue  of  its  franchises,  the  inquiry  was  submitted  to 
Mr.  E.  S.  Waters,  formerly  chief  engineer  of  the  company,  and  it  isdne 
to  his  courtesy  that  I  am  able  to  present  several  points  of  imi>ortaDce. 
Copies  of  his  replies  are  api)ended  hereto  as  a  part  of  this  i*eiK)rt. 

It  will  be  seen  from  Mr.  \Yaters's  second  letter  that  for  the  govern 
ment  to  obtain  control  of  the  completed  works  and  a  right  of  way  for 
any  future  constructions  involves  an  original  outlay  of  |f300,000. 

When  the  improvements  are  completed  with  this  added  expense,  uo 
other  navigable  waters  can  be  reached  by  boats  on  the  Kankakee  save 
by  passing  through  a  canal  not  owned  by  the  United  States. 

To  attempt  the  improvement  without  obtaining  the  franchise  indicated 
could  not  fail  to  result  in  litigation  and  exi>ense,  besides  its  l>eing  at 
least  an  implied  encroachment  upon  the  rights  of  the  State. 

The  rights  of  mill-owners  who  are  entitled  to  their  present  supply  of 
water-power  and  of  persons  through  whose  lands  canals  must  lie  cat 
would  be  other  equally  fruitful  sources  of  trouble.  Six  railroads  cros.s 
the  river  within  50  miles  of  its  mouth,  besides  several  bridges  for  ordi 
nary  travel.  The  railroad  crossings  as  well  as  the  other  bridges  at 
Kankakee,  Waldron,  and  Momence,  could  not  be  passed  with  boats  of 
any  considerable  size  without  inserting  draws. 

The  various  bridges  were  constructed  without  the  necessity  of  author 
ity  from  the  United  States  for  crossing  navigable  waters,  and  it  there^ 
fore  seems  that  any  movement  to  cause  a  modification  of  the  present 
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structures  or  of  the  rights  under  which  they  have  hitherto  existed 
should  come  from  the  State  or  local  authorities. 

The  dams  at  Momence  have  long  been  a  subject  of  contention,  and  an 
improvement  could  hardly  fail  to  meet  with  opposition  from  one  or  other 
of  the  parties  whose  rights  and  interests  are  such  that  they  cannot  be 
disregarded. 

I  have  thus  presented  the  points  which  appear  as  obstacles  to  the  im- 
provement, together  with  those  which  I  have  found  in  its  favor,  as  each 
seems  fully  entitled  to  consideration. 

Very  respectfully,  your  obedient  servant, 

Jared  a.  Smith, 
Major  of  Engineers. 
Brig.  Gen.  H.  G.  Wright, 

Chief  of  Engineers,  U.  S.  A. 


MK.    E.    8.   WATKHS  TO   MAJ.   JARKI>  A.   SMITH,    CORPS  OF  EN'GIXEERS. 

» 

1. 

Wilmington,  III.,  December  19,  1879. 

Dear  Sir:  Your  letter  of  the  17th  iustaiit  just  received,  axn\  in  reply  would  state 
that  I  am  unable  to  >?ive  you  the  desired  information  respecting  the  price  that  would 
l»e  fixed  by  the  Kankakee  Company  ni)on  their  works  and  franchise  rights  in  case  the 
general  government  should  desire  to  purchase  them;  and  have  therefore  inclosed  your 
note  to  our  officei>j  in  Boston,  Mass.,  requesting  them  to  answer  your  inquiries  as  to 
present  status  of  the  comi»any  and  their  valuation  of  the  property.  It  was  the  original 
intention  of  the  company  to  cany  slackwater  navigation  to  the  State  line  above 
Momence,  and  a  contract  was  made  covering  all  the  proposed  works  along  the  whole 
line.  Owing  to  financial  embarrassments,  tlie  wArk  was  stopped  when  completed  to 
a  point  10  miles  above  Wilmington. 

Of  course  the  business  done  njwn  the  short  line  of  navigation  now  completed  (20 
miles)  gives  but  insufficient  data  forjudging  the  amount  of  misiness  that  would  have 
been  done  upon  the  river  had  the  navigation  been  completed  into  Indiana. 

Lumber  and  grain  are  mainly  the  products  carried  by  boats  to  and  from  WiUniug- 
ton,  Ilanford's  Lauding,  and  Horse  Creek. 

We  have  four  competitors:  The  Chicago  and  Illinois  River  Railroad,  which  crosses 
the  feeder ;  the  Chicago,  Alton,  and  Saint  Louis  Railroad,  which  crosses  the  river  at 
Wilmington;  the  Chicago  and  8trawn  Railroad)  crossing  at  Horse  Creek;  and  the 
Kankakee  and  Southwestern  Railroad,  which  runs  through  Grand  Prairie,  cutting  oft' 
much  com  which  would  otherwise  come  to  the  river. 

The  amoimt  of  lumber  annually  carried  upon  the  river  is  5,000,000  feet,  and  of  corn 
300,000  bushels ;  also  of  oats,  flax-seed,  rye,  and  grass  seeds  a  large  number  of  bushels. 

The  first  boat-load  of  lumber  brought  to  Wilmington  lowered  the  price  of  lumber 
at  once  §4  per  M,  and  com  enhanced  m  value  l^  cents  per  bushel. 

The  railroads,  in  order  to  secure  any  business  from  this  vicinity,  were  obliged  to 
reduce  their  freight  charges  from  40  to  60  per  cent.  It  is  safe  to  assume  that  the 
j>eople  of  Wilmington  and  vicinity  are  annually  benefited  by  this  navigation  $30,000. 

Could  the  Kankakee  River  be  joined  by  the  Wabash,  and  thence  oy  slackwater 
navigation  and  canal  to  Toledo  via  the  Maumee,  then,  in  my  judgment,  snch  a  canal 
-woukl  be  in  importance  second  only  to  the  Erie.  I  have  always  intende<l  to  make  an 
instrumental  survey  across  the  summit  between  the  waters  of  this  river  and  the  Wa- 
bash, but  have  heretofore  been  unable  to  do  so. 

Nothing  could  be  gained  by  increasing  the  size  of  the  locks  until  the  locks  upon  the 
Illinois  and  Michigan  Canal  are  enlarged,  but  I  should  favor  an  increase  of  depth  to 
7  feet  upon  the  miter  sills.  The  locks  upon  the  Illinois  River  at  Henry  and  Copperas 
Creek  are  300  feet  long  and  75  feet  wide,  and  will  pass  twelve  canal-boats  at  once;  but 
«uch  locks  are  expensive  to  build,  and  costly  to  operate,  and  the  advantages  gained 
<do  not  compensate  for  the  increase  of  cost. 
Yours,  respectfully, 

E.  S.  Waters. 

Maj.  Jared  A.  Smith, 

Corps  of  Engineers f  U.  S.  A. 


wumingTon  to  caiiai ;  luiriy  cenis  per  lyiKnf  leei  (^uoaru-measure;  on  inmoerio  i 
ford's  Landine:,  and  12  cents  per  1,000  feet  to  Wilmington.  On  general  meTChjui 
the  tolls  are  tlbe  same  as  on  grain. 


Yours,  respectfully, 

Maj.  Jared  a.  Smith, 

Corps  of  Engineers f  U.  S.  J. 


f}  S.  Watei 
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BRIDGING  NAVIGABLE   WATERS  OF   THE   ITNITED   STATES, 


A   A    I. 

bridge  over  the  ohio  river  at  beaver,  pennsylvania. 

Office  of  the  Chief  of  Engineers, 

Washingtofij  2>.  C,  December  23,  1879. 

Sir  :  I  have  the  honor  to  submit  the  inclosed  copy  of  a  letter  of  the 
6th  December,  1879,  from  Maj.  W.  E.  Merrill,  Corps  of  Engineers,  giving 
a  history  of  the  proceedings  of  this  office  in  connection  with  tne  con- 
struction of  a  bridge  a<5ross  the  Ohio  River  at  or  near  Beaver.  Pa.,  by 
the  Pittsburgh  and  Lake  Erie  Railroad  Company,  and  in  obedience  to 
the  instructions  of  the  Secretary  of  War  of  July  24, 1879 ;  also  to  submit 
copies  of  the  papers  in  the  case  with  a  view  to  their  transmission  to  Con- 
gress. 

The  railroad  company  in  question  was  required  by  the  Secretary  of 
War  to  build  a  dike  in  connection  with  their  bridge  for  the  protection 
of  navigation,  and  failed  to  do  so ;  and,  in  the  opinion  of  the  Judge- 
Advocate-General,  no  proceedings  can  be  instituted  in  the  courts  to  com- 
pel the  railroad  company  to  construct  the  dike  under  the  act  of  Decem- 
ber 17, 1872,  authorizing  the  construction  of  bridges  over  the  Ohio  River. 

As  there  appears  to  be  no  authority  in  the  War  Department  to  enforce 
the  carrying  out  of  it«  instructions  in  this  case,  it  is  recommended  that 
the  question  be  submitted  to  Congress  for  its  information  and  such  con- 
sideration and  action  as  may  be  deemed  necessary. 
Very  respectfully,  your  obedient  servant, 

H.  G.  Weight, 
Chief  of  Engineers, 
Brig,  and  Bvt.  Major- General,  V,  S.  A. 

lion  Alexander  Ramsey, 

Sea'etary  of  War, 


major  william  e.  merrill,  corps  of  engineers,  to  the  chief 

of  engineers. 

United  States  Engineer  Office, 

Cincinnati,  Ohio,  December  6, 1879. 

Genebal  :  In  accordance  with  the  instructions  contained  in  your  let- 
ter of  the  6th  of  October  last^  I  have  the  honor  to  submit  the  following 
report  upon  the  bridge  across  the  Ohio  River,  at  Beaver,  Pa.,  owned  and 
operated  by  the  Pittsburgh  and  Lake  Erie  Railroad  Company. 

1849 


i*l 


'  "J- 


I       i 


1850  REPORT  OF  THE  CHIEF. OF  ENGINEERS,  U.  S.  ARMY. 

When  this  compauy  began  work  and  submitted  its  bridge  plans  totbe 
Secretary  of  War  for  approval,  as  required  by  law,  a  Boanl  of  Engineers, 
consisting  of  Colonel  Simpson,  Major  Weitzel,  and  Major  Mei-rill  was  eon 
vened  at  Pittsburgh  to  consider  and  report  upon  them. 

The  Board  submitted  a  report,  dated  August  15,  1877,*  in  which  they 
stated  that  the  site  was  a  particularly  objectionable  one  in  its  relatioa^j 
to  navigation,  but  they  suggested  several  plans  for  removing  or  alien 
ating  these  objections,  recommending  that  the  railroad  conii>any  be  al 
lowed  a  choice  of  the  plan  that  wouldbest  suit  their  interests. 

The  company  chose  the  plan  which  called  for  an  increase  of  the  clear 
width  of  the  channel  space  from  400  to  425  feet,  and  the  construction  of 
a  guiding  dike  extending  up-stream  from  the  left  channel  pier  a  distance 
of  300  feet.  They  accordingly  modified  their  drawings  to  conform  to  the 
conditions  prescribed  by  the  Board  of  Engineers,  and  these  drawing.* 
were  forwarded  to  the  Chief  of  Engineefs  and  by  him  were  submitte<l 
to  the  Secretary-  of  War  by  an  indorsement  dated  September  19, 1877. 
The  Secretary  of  War  formally  approved  them,  and  the  work  of  huiW 
ing  the  bridge  was  immediately  begun. 

Before  the  bridge  was  completed,  I  received  several  communication^ 
from  the  coal  shippers  of  Pittsburgh,  protesting  against  the  shortne-'v^ 
(300  feet)  of  the  guiding  dike.  Some  of  them  even  stated  that  thev 
would  prefer  no  dike  at  all  to  one  so  short. 

I  immediately  went  tO  Pittsburgh,  visited  the  site  of  the  bridge  in 
comi)any  with  many  coal  shippers  and  pilots,  and  decided  that  the  com 
plaints  were  well  founded,  that  the  dike  was  too  short,  aiul  that  it  ought 
to  be  lengthened  618  feet,  making  a  total  length  of  918  feet.  I  submit 
ted  a  report  to  this  effect  to  the  Chief  of  Enguieers  in  a  letter  dated 
August  26, 1878.  The  acting  Chief  of  Engineers  transmitted  this  letter 
to  the  Secretary  of  War  in  a  communication  dated  September  2,  and  on 
September  4  the  Secretary  of  War  formally  approved  of  the  propoj^ 
increase  in  length  of  dike,  and  ordered  that  it  be  made  by  the  bridge 
company. 

On  the  8th  of  November  I  received  from  the  chief  engineer  of  tlie 
company  a  drawing  of  the  dike  as  he  proposed  to  build  it.  It  wa.s  to 
be  918  feet  long,  and  to  extend  to  the  left-hand  shore  above  the  bridge. 
In  his  letter  of  transmittal  he  savs  ''We  are  readv  at  once  to  l>effin  work 
as  soon  as  you  have  approved  of  same." 

I  replied  on  the  same  day,  approving  the  plan.  My  letter  w  as  thuj 
written  more  than  a  year  ago,  and  although  I  have  i*epeatedly  written 
to  the  bridge  company  since  then  and  have  communicated  orally  with 
the  president  and  some  of  the  directors,  they  have  thus  far  ignored  niv 
letters  and  have  refused  to  take  any  step  towards  building  any  dike  at 
all,  either  of  the  original  length  of  300  feet  or  of  the  modified  length  of 
918  feet. 

There  can  be  no  excuse  on  account  of  high-water,  as  the  Ohio  River 
has  been  lower  this  year  than  ever  before  since  my  official  connection 
with  it. 

I  believe  the  railroad  comi)any  deny  the  power  of  the  Seci^tary  of 
War  to  change  the  length  of  the  guiding  dike  after  he  had  once  ordereii 
that  it  be  made  300  feet  long.  But  the  company  has  not  even  built  the 
300-foot  dike,  although  they  included  this  dike  in  the  original  contract 
with  the  builders  of  the  bridge.  In  conversations  that  I  have  had  with 
the  officers  of  the  road  they  have  raised  objections  to  the  extra  cost  of 
extending  the  dike  beyond  the  original  300  feet.    The  contractor  for  the 

'^  See  A.vi\\\\a.\  K«\>ovt  Cliief  of  Engiiieei^  for  1878,  Part  II,  page  891. 
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road  offered  to  build  this  extension  for  $7,400.  The  case  may,  therefore, 
be  summed  up  by  saying  that  to  save  this  paltry  sum  the  company  have 
made  their  bridge  an  obstacle  and  a  danger  to  navigation,  and  have  im- 
periled its  legality.  It  is  a  question  worth  considering  whether  the 
Pittsburgh  and  Lake  Erie  Railroad  Company  is  not  liable  for  all  injuries 
X)r  delays  to  navigation  caused  by  their  maintenance  of  an  illegal  struc- 
ture across  the  Ohio  River. 

Respectfully,  your  obedient  servant, 

Wm.  E.  Merrill, 

Major  of  Engineers. 

Brig.  Gen.  H.  G.  Wright, 

Chief  of  Engineers. 


major  william  e.  merrill,  corps  of  engineers,  to  the  chief 

of  engineers. 

United  States  Engineer  Office, 

Cincinnati,  Ohio,  June  23,  1879. 

General:  I  have  the  honor  to  report  to  the  department  that  the 
Pittsburgh  and  Lake  Erie  Railroad  Company,  of  Pittsburgh,  have  thus 
far  taken  no  steps  towards  building  the  guiding  dike  which  was  ordered 
for  their  bridge  across  the  Ohio  River,  at  Beaver,  Pa.,  and  whose  con* 
struction  was  one  of  the  conditions  upon  which  their  location  was 
accepted. 

Tliey  have  neither  built  the  300-foot  dike,  as  they  agreed  to  in  their 
letter  to  the  Secretary  of  War,  dated  September  5,  1877,  nor  the  918- 
foot  dike  ordered  by  the  indorsement  of  the  Secretary  of  War,  dated 
September  4,  1878,  on  a  letter  from  the  Chief  of  Engineers,  dated  Sep- 
tember 2,  1878. 

Inasmuch  as  several  requests  and  remonstrances  made  by  me  have 
produced  no  apparent  results,  and  as  the  i)resent  low-water  season  is 
exceedingly  fa\^rable  for  the  construction  of  the  dike,  1  would  suggest 
that  measures  be  taken  by  higher  authority  to  compel  compliance  with 
the  orders  of  the  Secretary  of  War. 

Respectfully,  your  obedient  servant, 

Wm.  E.  Merrill, 

Major  of  Engineers. 

Brig.  Gen.  A.  A.  Humphreys, 

Chief  of  Engineers. 

[First  indorhoiiicnt.] 

Office  of  Chief  of  Engineers, 

July  3,  1879. 

Respectfully  referred  to  the  honorable  the  Secretary  of  War  with 
request  for  instructions. 

The  accompanying  papers  fully  explain  the  case  and  the  previous 
action  taken  thereon. 

H.  G.  Wright, 
Chief  of  Engine4irs, 
Brig,  and  Brevet  Major  Oeneral. 
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[Second  indorsement. ] 

R«si>ectfiilly  referred  to  the  Judge- Advocate-General  for  opinion  a» 
to  what  legal  measures  should  be  taken  to  compel  the  comiiany  to  per 
form  its  agreement. 

Bv  order  of  the  Secretary  of  War. 

H.  T.  Crosby, 

Chkf  Clerk. 
War  Department,  July  11, 1879. 

[Third  indorsement.] 

Bureau  of  Military  Justice. 

Julj/  19, 1879. 

EespectfuUy  returneil  to  the  Secretary  of  War. 

It  is  not  perceived  that  under  the  provisions  of  the  act  of  December  17, 
1872,  relating  to  the  construction  of  bridges  across  the  Ohio  River,  any 
proceeding  can  be  instituted  in  the  courts  to  ^' compel^  the  railroad 
company  to  construct  the  dike  herein  specified. 

The  company  would  appear  to  be  liable  under  the  act  only  to  the  di- 
rection of  Congress  as  indicated  in  sec.  7,  or  to  suits  in  the  United  States 
district  court,  on  the  part  of  persons  or  corporations  whose  rights  of 
navigation  may  be  impeded  by  the  construction  of  the  bridge.  Inas- 
much, however,  as  the  Department  of  Justice  is  the  one  which  would 
regularly  be  charged  with  the  institution  of  legal  proceedings  by  tli« 
United  States  against  the  railway  company  if  any  can  properly  b« 
initiated,  it  is  suggested  that  the  question  stated  in  the  within  indorse- 
ment of  reference  of  the  Secretary  of  War  be  submitted  to  that  depart- 
ment. 

W.   WiNTHROP, 

Acting  Judge- Advocate- General. 

[Fourth  indorsement.] 

Respectfully  returned  to  the  Chief  of  Engineers. 
It  does  not  appear  from  the  report  of  the  Judge- Advocate-General 
that  there  is  grounds  sufficient  for  the  maintenance  of  a  suit  in  law. 
The  matter,  therefore,  will  be  brought  to  the  attention  of  Congress  atits 
next  session. 
By  order  of  the  Secretary  of  War. 

H.  T.  Crosby, 

Chief  Cleric. 
War  Department,  July  24, 1879. 
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bridge  over  DETROIT  RIVER  AT  OR  NEAR  DETROIT,  MICHIGAN. 


REPORT  OF  THE  BOARD  OF  ENGINEERS. 

Detroit,  Mich.,  November  21,  1879. 

General:  The  Board  directed  to  be  organized  by  the  joint  resolution 
of  Congress,  to  wit — 

Whereas  recent  progress  in  the  art  has  shown  the  practicability  of  constnictiiig 
bridges  having  spans  of  500  feet,  or  possibly  more:  Therefore, 
Resolved  hy  the  Senate  and  House  of  Representatives  of  the  United  States  of  Amenta  i» 
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Congress  assemhledy  That  the  Secretary  of  War  is  herebj^  authorized  and  required  to 
convene  a  Board  of  Engineers  of  the  Army,  whose  duty  it  shall  be  to  inquire  into  and 
report  whether,  for  railroad  puriKises,  the  river  Detroit  can  be  bridged  or  tunneled  at 
the  city  of  Detroit,  or  within  one  mile  above  or  below  said  city,  in  such  manner  as  to 
accommodate  the  large  trade  and  commerce  cro&sing  the  river  at  that  point  and  with- 
out material  or  undue  injury  to  the  navigation  of  said  river ;  a  good  and  sufficient  tug 
being  always  kept  by  bridge  ownei's  to  assist  any  craft  when  required — 

convened  at  Detroit,  Mich.,  on  the  14th  of  October,  1879,  by  virtue  of 
the  following  order: 

[SrE(  lAu  OuuER»  No.  213.] 

Headquarters  of  the  Army, 
Adjutant-General^s  Office, 

frashington,  September  15,  1879. 

1.  The  foil  wing  order  has  been  received  from  the  Secretary  of  War: 

In  pursuance  of  a  joint  resolution  of  Congress  approved  June  20,  1879,  published 
in  General  Orders  No.  67,  July  3,  1879,  from  this  office,  entitled  "Joint  resolution  re- 
lating to  a  bridge  across  the  Detroit  River  at  or  near  Detroit,  Mich.,"  a  Board  of 
Engineer  officers,  to  consist  of  Lieut.  CoL  W.  F.  Raynolds,  Lieut.  Col.  Nathaniel 
Micliler,  MaJ.  O.  M.  Poe,  Maj.  D.  C.  Houston,  Maj.  J.  M.  Wilson,  will  convene  at  the  city 
of  Detroit,  Mich.,  upon  the  call  of  the  senior  officer,  and  at  as  early  a  day  as  practi- 
cable consistent  with  the  other  duties  of  the  members. 

The  Board  will  be  governed  by  the  requirements  qf  the  act  mentioned,  and  will  make 
it«  report  and  recommendations  to  the  Chief  of  Engineers  before  the  1st  of  December 
next. 

The  junior  member  will  act  as  recorder. 

By  command  of  General  Sherman. 

E.    D.  TOWXSEND, 

Adjutant -General. 
Official : 

A,    H.    NiCKERSON, 

Assistant  Adjutant-General . 

The  Board  remained  in  session  five  days,  during  which  time  it  was 
engaged  in  hearing  statements  and  arguments  of  persons  favoring  and 
opposing  the  construction  of  a  bridge  or  tunnel  across  the  Detroit  fiiver, 
the  substance  of  which  is  given  in  the  record  of  proceedings  appended 
to  this  report. 

At  the  urgent  request  of  all  parties  interested,  the  Board  adjourned 
to  enable  them  to  collect  statistics  bearing  upon  the  subject. 

The  Board  reassembled  on  the  18th  of  November,  and  after  heaiing 
further  statements  and  arguments  as  specified  in  the  record  proceeded 
to  consider  the  matters  referred  to  it. 

At  Detroit  two  immense  streams  of  commerce  come  into  direct  inter- 
ference, namely,  one  by  water  and  the  other  by  railroads.  The  problem 
before  the  Board  was  to  so  arrange,  by  either  bridge  or  tunnel,  that  these 
might  cross  each  other  with  the  least  injury  to  both,  and  in  such  a  man- 
ner as  to  accommodate  the  railroad  traffic,  and  at  the  same  time  do  no 
material  or  undue  injury  to  the  interests  of  navigation. 

The  question  of  bridging  the  channel-way  between  Lake  Huron  and 
Lake  Erie  was  discuss^  by  a  Board  of  Engineer  officers  in  1873,  and 
that  Board  made  an  elaborate  and  exhaustive  report,  which  is  published 
with  the  Report  of  the  Chief  of  Engineers  for  1874,  vol.  1,  page  587. 

The  locality  defined  by  the  joint  resolution  of  Congress  is  within  the 
limits  covered  by  the  report  of  the  Board  referred  to,  and  extends  from 
about  the  middle  of  Belle  Isle,  above  the  city  of  Detroit,  to  or  near  Fort 
Wayne,  below  it  a  distance  of  a  little-  more  than  6  miles.  The  channel 
from  the  foot  of  Belle  Isle  to  the  lower  limit  of  the  city  is  straight,  run- 
ning about  twenty-five  degrees  south  of  west,  and  then  changes  twenty 
degrees  more  to  the  southward. 
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The  width  of  the  channel  on  either  side  of  Belle  Isle  is  about  2,C 
feet,  its  greatest  depth  on  the  northerly  side  being  from  25  to  30  fc«t, 
and  on  the  southerly  from  30  to  40.  Below  Belle  Isle  the  greatest  depth 
varies  from  39  to  about  50  feet. 

The  question  of  bridging  or  tunneling  the  river  near  Detroit  has  been 
agitated  for  several  years,  and  numerous  plans  and  projects  therefor 
have  been  proposed ;  several  of  these  have  been  presented  for  consider- 
ation, but  as  the  joint  resolution  of  Congress,  embodying  the  only  in- 
structions  the  Board  has  received,  does  not  require  a  discussion  of 
modes,  plans  of  construction,  details  of  operation,  or  the  matter  of  cost 
these  subjects,  except  in  a  general  way,  are  not  referred  to  in  this  report. 

The  magnitude  of  the  conflicting  interests  at  this  point  may  be  real- 
ized from  .the  official  statement  that  the  number  of  vessels  of  various 
kinds  passing  Fort  Gratiot  light-house  during  the  fiscal  year  ending 
June  30,  1879,  was  22,150.  The  business  of  the  railroads  crossing  the 
river  at  Detroit  during  the  year  1878  was  as  follows,  viz  : 

129, 1 13  passeugers. 
12,258  passenger-cars. 
3,^3  baggage-cars. 
104/359  freiglit-cars. 

The  joint  resolution  contemplates  two  modes  of  crossing ;  first,  by  a 
bridge;  second,  by  a  tunnel. 

BRIDGE. 

The  conclusions  to  which  the  Board  of  1873  arrived  are  as  follows,  vii: 

Ist.  That  a  bridge  giving  a  clear  headway  of  150  feet,  and  clear  spaus  of  400  feet, 
wonld  not  seriously  injure  navigation,  but  would  be  very  expensive,  involving  long, 
and  in  some  places  inconvenient  approaches. 

2d.  That  no  bridge  giving  passage  to  vessels  by  draws  alone,  with  draw-^pansat 
present  practicable,  can  be  permitted  without  serious  injury  to  navigation. 

3d.  That  a  bridge  giving  a  clear  opening  of  700  feet  from  April  1  to  December  1, 
with  two  draw  openings  100  feet  in  the  clear,  and  with  the  permanent  fonudations  of 
its  movable  piers  18  feet  below  lowest  stage  of  water,  will  not  be  a  seriotis  ob8ta4*le  to 
navigation. 

4th.  For  the  reasons  heretofore  given,  although  the  question  has  not  been  directly 
referred  to  it,  the  Board  deem  the  crossing  of  tie  river  by  tunnels  the  only  unobkc- 
tionable  method ;  and  from  all  information  they  have  obtained  think  a  *tnnnel  st 
Detroit    *     *     *    is  by  no  means  impracticable,  at  a  cost  not  so  great  as  to  debar  it 
constniction. 

That  Board  also  stated  that  no  bridge  with  draws  should  be  tolerated. 
Thei'e  is  probably  no  difference  of  opinion  about  these  conclusions,  ex- 
cept as  to  the  one  referring  to  a  bridge  with  draws. 

The  form  of  bridge  considered  inadmissible  by  the  former  Board  had 
"  a  clear  headway  of  only  12  feet  provided  with  two  pivot  draws,  each 
leaving  two  openings  of  1G6  feet  in  the  clear,  and  the  remainder  of  the 
stnicture  built  on  piers  of  masonry  200  feet  apart." 

It  is  believed  that  draw-openings  of  160  feet  were  the  grreatest  then 
considered  practicable;  draws  of  more  than  200  feet  have  been  since 
constructed,  and  it  is  now  proposed  by  bridge-builders  of  high  repa- 
tation  to  construct  them  with  openings  of  300  feet  on  each  side  of  a  pivot 
pier,  or  of  400  feet  between  two  pivot  piers. 

Those  who  favor  the  construction  of  a  bridge  over  the  river  now  admit 
that  vessels  should  have  the  right  of  way,  and  say  that  the  draw  shonM 
always  be  kept  oj>en,  except  when  necessary  for  the  passage  of  trainsat 
such  times  as  will  not  interfere  with  the  passage  of  vessels. 

It  is  the  opinion  of  the  Board  that,  with  skillful  navigators  there  will 
be  no  matma\  A\^v:.\\\\^'  \\\\>^%m\^\\A\w\^\i.<il^ar  openings  of  ;300  orW 
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feet  at  any  time  wheu  it  would  be  safe  to  na\igate  the  river.  With  the 
right  of  way  clearly  and  emphatically  given  to  navigation  there  would 
then  be  no  material  or  undue  injury  to  that  interest. 

If  vessels  have  the  right  of  way,  can  the  traffic  across  the  river  be  ac- 
commodated ! 

The  Board  has  investigated  this  matter  and  finds  that  with  the  pres- 
ent traffic  there  will  be  ample  time  during  the  intervals  between  the 
passing  of  vessels  to  move  all  the  trains  across  the  bridge.  There  will 
occasionally  be  delays,  but  the  railroads  can  accommodate  their  time 
tables  to  compensate  for  any  ordinary  delays. 

Should  the  traffic  increase  so  that  there  would  not  be  sufficient  time 
to  pass  all  trains  during  the  season  of  navigation,  the  additional  cars  can 
be  crossed  by  the  ferriage  system  as  at  present.  This  system  need  not 
be  wholly  abandoned,  but  should  be  kept  available,  in  Case  of  necessity ; 
indeed  it  might  be  requisite,  in  order  to  assure  regidarity  of  passenger- 
trains,  to  .depend  altogether  upon  the  ferriage  system  for  their  transit 
during, the  season  of  navigation. 

LOCATION   OF  BRIDGE. 

The  Board  is  of  the  opinion  that  the  bridge  should  be  located  at  a  con- 
siderable distance  above  or  below  the  business  portion  of  the  city,  so 
that  its  use  will  not  be  interfered  with  by  the  local  traffic  in  front  of  the 
city  in  that  part  of  the  river  which  forms  the  harbor  of  Detroit.  The 
two  points  which  seem  best  suited  to  the  purix)se  are : 

1st.  At  the  lower  end  of  Belle  Isle.  This  is  understood  to  be  the  least 
objectionable  to  the  interests  opposing  the  construction  of  a  bridge. 

2d.  In  the  vicinity  of  the  foot  of  Twenty-fouth  street,  in  the  city  of 
Detroit. 

GENERAL  DESCRIPTION   OF   THE  BRIDGE. 

4 

There  should  be  placed  near  the  middle  of  tlie  main  channel,  on  the 
usual  course  of  through  vessels,  either  a  draw-span,  with  a  clear  open- 
ing of  not  less  than  300  feet  on  each  side  of  the  pivot-pier,  or  a  single 
clear  opening  not  less  than  400  feet  between  the  pivot- piers  of  two  adja- 
cent draw-spans,  and,  in  addition,  at  least  one  other  draw-span,  with  a 
clear  opening  of  not  less  than  100  feet  on  each  side  of  the  pivot-pier, 
placed  so  as  to  be  used  for  convenience,  or  in  case  of  accident  to  the 
main  opening. 

The  fixed  spans  should  not  be  less  than  450  feet  in  the  clear,  and 
those  adjacent  to  the  main  oi)ening  should  have  a  clear  headway  of  not 
less  than  00  feet,  which  height  is  readily  attainable,  without  extraordi- 
nary grades. 

A  considerable  portion  of  the  craft  plying  the  lakes  will  be  able  to 
pass  under  a  bridge  of  this  height,  and  thus  obviate  the  necessity  of 
opening  the  draw  so  fiequently. 

The  Board  would  remark  that  it  is  not  intended  to  convey  the  im- 
pression that  it  is  of  the  opinion  that  such  a  bridge  as  has  been  de- 
scribed will  not  be  to  some  extent  an  obstruction.  The  language  of 
the  joint  resolution  "material  or  undue  injury,''  contemplates  that 
there  may  be  some  obstruction,  and  the  questionthe  Board  has  consid- 
ered is,  whether,  in  view  of  the  great  interests  involved,  a  bridge  can 
be  constructed  which  will  fulfill  these  conditions.  A  good  and  suffi- 
cient tug,  as  contemplated  by  the  joint  resolution,  would  at  times  be  of 
assistance  in  passing  the  bridge. 

In  case  authority  to  construct  such  a  bridge  in  this  locality  should  be 
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granted  by  Congress,  it  should  be  distinctly  provided  that  vessels  have 
the  right  of  way,  and  the  draw  be  kept  open  except  when  trains  are 
passing.  That  the  plan  and  location  be  subject  to  the  approval  of  tk 
Secretary  of  War ;  that  its  construction  be  subject  to  his  supervision 
so  far  as  relates  to  interference  with  navigation,  and  severe  penalties 
should  be  prescribed  for  any  violation  of  these  provisions. 

THE  TUNNEL. 

The  Board  is  unanimously  of  opinion  that  the  most  complete  solution 
of  the  problem  is  the  construction  of  a  tunnel  under  the  river. 

This  may  be  located  at  any  point  ^vithin  the  limits  prescribed  by  the 
joint  resolution ;  it  is  deemed  practicable,  and  if  properly  constructdi 
will  accommodate  the  railroad  traffic,  and  be  no  obstruction  whatever 
to  navigation. 

The  following  papers  are  respectfully  submitted : 

No.  1.  Letter  of  citizens'  committee  of  Detroit,  in  favor  of  a  bridge. 

No.  2.  Letter  of  General  C.  B.  Comstock,  in  reference  to  currents  in  the  Detroit  River. 

No.  3.  Address  of  Mr.  J.  F.  Joy,  in  favor  of  a  bridge. 

No.  Ay  Resolutions  of  the  Cleveland,  Ohio,  Board  of  Trade,  against  a  bridge. 

No.  5.  Statement  of  vessels  which  i)aBsed  Fort  Gratiot  from  July  1,  1877,  to  October 
23,  1879. 

No.  6.  Statement  of  vessels  passing  Grassy  Island  light  during  the  fiscal  year  l^d 
and  the  portion  of  the  year  1879  previous  to  September  30. 

No.  7.  Resolution  of  the  Saint  Paul,  Minn. ,  Chamber  of  Commerce,  protesting  agaimt 
a  bridge. 

No.  8.  Letter  from  Commander  W.  R.  Bridgman,  U.  S.  N.,  referring  to  number  of 
vessels  passing  Grassy  Island  light-station. 

No.  9.  Letter  of  the  eovemor  of  Minnesota,  transmitting  a  copy  of  a  letter  to  the 
honorable  Secretary  of  War  protesting  against  a  bridge. 

No.  10.  Number  of  vessels  passing  Detroit,  Mich.,  from  April  27  to  October  31,  1^79. 

No.  11.  Letter  from  R.  A.  Alger  and  M.  S.  Smith,  favoring  a  bridge. 

No.  12.  Letter  of  James  McMillan,'  chairman  of  citizens^  committee  of  Detroit,  giv- 
ing number  of  passengers,  passenger  and  baggage  cars  crossing  at  Detroit  from  the 
year  1875  to  1879. 

No.  13.  Abstract  showing  number  of  vessels  passing  WinduiUl  Point  light-houite. 
Fort  Gratiot  light-house,  and  the  Saint  Clair  Flats  lower  light. 

No.  14.  Resolution  of  the  Buffalo  Board  of  Trade,  against  a  bridge. 

No.  15.  Proceedings  of  the  Board  of  Engineers,     [^ot  printed.] 

All  of  which  is  respectfully  submitted. 

W.  F.  Eaynolds, 
Lieutenant- Colonel  of  UngineerSy^  Brevet  Brigadier- Oeneral^  U.  S.  A. 

N.  MiCHLEB, 

Lieutenant- Colotiel  of  Engineers,  Brevet  Brigadier- OeneraL 

O.  M.  PoE, 
Major  of  Engineer's,  Brevet  Brignaier- General 

D.  C.  Houston, 
Major  of  Engineers,  Brevet  Colonel 

To  the  Chief  of  Engineers,  U.  S.  A. : 

I  fully  concur  in  the  above  report  as  far  as  relates  to  the  tunnel,  bat. 
after  a  careful  examination  of  the  whole  subject,  I  am  satisfied  that  an? 
bridge  other  than  a  high  one,  with  spans  of  at  least  450  feet,  will  be  aii 
undue  impediment  to  navigation,  and  I  am  not  prepared  to  approve  tlie 
construction  of  a  drawbridge  that  I  believe  a  majority  of  those  inter- 
ested in  lake  commerce  will  pronounce  a  material  obstruction  to  ^ 
navigation  of  tliis  great  national  highway. 

John  M.  Wilson, 
•  Major  of  Engineers, 

Brevet  Colonel j  U.  S.  X 
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No.    1. — LF/rrEK   OF   CITIZKXS'   COMMl'ITKH   OF    DKTKOlT   IN    FAVOR   OF  A    BRIDGE- 

Detroit,  Mich.,  Odober  16,  1879^. 

Gentlemen  :  We,  the  members  of  the  citizens'  coinmitt«e  deputed  to  present  t^jyour 
honorable  Board  facts  and  tijjurea  in  support  of  the  necessity  for  and  practicability  of 
having  a  bridge  across  the  Detroit  River  at  or  near  thi;*  city,  for  railroad  purposes, 
beg  to  make  tne  following  statement : 

The  present  mode  of  transportation  during  the  i-ntire  year  of  the  railroad  traflSc, 
across  the  Detroit  Kiver  at  the  city  from  the  Michigan  Central  slip  docks  is  by  car 
ferry  boats,  in  a  southeasterly  direction,  a  distance  of  about  6,000  feet,  and  from  the 
Milwaukee  Railn>ad  slip,  in  a  sou  herly  coiuse,  a  distance  of  alxmt  3,000  feet,  to  the 
Canadian  shore  and  Great  Western  Railway  slip  docks. 

These  boats  convey  each  14,  12,  and  ri  freight  cars  atone  time;  the  number  of  cars 
ferried  at  this  point  during  this  vear  will  be  about  3(X),000,  representing  a  tonnage  of 
about  3,600,000  tons  exclusive  oi  about  1^0,000  passengers,  and  United  States  through 
and  local  mails  and  express.  This  traffic  is  largely  on  the  increase,  and  if  the  bridge 
crossing  is  granted  it  is  sate  to  say  this  tonnage  and  business  will  be  quickly  doubled. 
We  appt-nd  Mtatemeut  showing  how  this  tralhc  has  increased,  even  with  the  imperfect 
means  now  in  use. 

The  delay,  risk,  and  terrible  expense  during  five  months  of  the  year  in  forcing  boats 
through  the  very  thick  and  sometimes  grounded  ice,  feiTying  this  traffic — when  all  other 
navigation  on,  tlie  river  except  ferries  is  closed — is  a  very  serious  dr.iwback  to  trans- 
portation'to  and  from  the  eight  Michigan  railroads  converging  at  this  city.  This  fact 
alone  should  be  sufficient  to  warrant  the  construction  of  a  bridge  for  the  passage  of 
this  traffic.  i 

We  say  bridge,  because  from  the  large  sums  of  money  already  expended  by  the  rail- 
road companies  in  boring  the  bed  of  the  river  within  the  bounclary  named  in  your 
commission,  and  in  sinking  shafts  and  excavating  several  drifts  under  the  bed  and 
upon  both  sides  of  the  river  at  what  were  supposed  the  best  locations,  we  are  satisfied, 
that  the  expense  of  constructing  a  suitable  and  reliable  double- track  and  drainage 
tunnel  is  prohibitory  to  such  a  mode  of  crossing. 

A  bridge  of  reasonable  height  above  the  surface  of  the  water,  with  draws  of  not  less 
than  250  feet  in  the  clear,  perhaps  larger  openings,  can  be  constructed,  and  these  draws 
can  be  worked  so  expeditiouslv  and  in  such  a  manner  as  will  give  the  vessels  a  safe  right 
of  passage  at  all  times,  and  satisfy  the  railroad  companies  in  the  transit  of  their  trains  of 
passengers,  live  stock,  and  freight. 

The  bridge  can  be  located  at  such  a  point  upon  the  river  as  will  enable  the  men  in 
charge  to  see  vessels  approaching  from  either  direction  when  a  long  way  distant,  and 
as  the  draw-bridges,  during  the  seven  months  of  navigation,  would  remain  open  for 
the  passage  of  vessels,  and  be  closed  only  when  trains  recjuire  t«  cross,  and  when  na 
vessels  are  in  close  proximity  to  pass  through,  there  should  be  no  reasonable  objection 
on  the  part  of  vessel-owners  to  this  structure. 

The  proposed  draw-openings  would  give  a  very  much  greater  area  for  navigation 
up  and  down  the  river  than  tlie  same  vessels  now  have  in  the  Lake  Saint  Clair  Ship 
Canal,  through  which  all  the  shipping  passes  with  safety,  under  far  more  disadvan- 
tageous circumstances  than  a  bridge  in  this  river  can  possibly  present. 

The  railroad  or  bridge  compan.rs  tugs,  at  their  expense,  would  be  in  readiness  at 
all  times  when  necessary  to  assist  vessels  approaching  and  i)assing  through  the  draws. 

Of  course  the  plans  would  be  submitted  to  the  Secretary  of  War  for  his  approval 
before  construction.  ^^^S! 

To  give  you  some  idea  of  the  volume  of  traffic  passing  to  and  from  our  Michigan 
railroads  centering  in  this  city,  we  append  the  following  statement  of  cars  ferried  to 
and  from  the  Great  Western  Railway  slips ;  and  if  the  bridge  is  constructed  here,  you 
can  consistently  add  one-half  to  the  figures  of  1879  as  a  low  estimate  of  the  traffic  that 
would  at  once  cross — that  would  be  at  least  5,400,000  tons — because  we  are  assured 
the  Canada  Southern  Railway  traffic  for  Detroit  and  its  districts,  in  place  of  crossing 
at  Grosse  Isle,  and  reaching  Detroit  via  Trenton,  at  18  miles  distant,  would  come  to 
Wintlsor  and  Detroit  via  the  proposed  Essex  Center  Line  and  bridge. 


Year. 


1873 

1874. 

1875. 

1876. 

1877. 

1878. 

1879. 


Cars.  Tons. 


160,212 

1,922.5U 

167.480 

2, 000, 760 

156,675  ; 

1. 880. 100 

173,859  : 

2,  086, 281 

161,597 

1. 939. 164 

194,359 

2.332,808 

300.000 

8,600,000 

117  E 
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Commissioned  to  examine  and  report  upon  the  crossing  of  the 
Detroit  Bivevfar  railroad  purposes  hy  bridge  or  tunnely 
within  one  mile  above  or  below  the  dty  of  Detroit. 


no.  2. — letter  of  general  c.  b.  c0m9t0ck,  major  of  engineers,  in  refkrk5 

to  currents  in  the  detroit  river. 

Office  of  United  States  Lake  Survey, 

Detroit,  Mich.,  October  16,  187S 

Sir  :  At  your  request,  Mr.  D.  F.  Henry  has  examined  some  of  his  note-books  of  It 
and  states  as  follows: 

"  I  find  the  following  velocities  of  the  river  given  in  the  note-books  of  the  *ontfl< 
in  1869,  October  and  November.  They  are  not  exactly  located,  as  they  were  only  t*! 
in  testing  meters — part  of  them  in  fast  and  part  in  slow  currents. 

**  Near  the  head  of  Belle  Isle  in  the  Canada  channel  two  series  of  observations  giv 
2,525  and  2,672  feet  per  second,  or  about  If  miles  per  hour. 

"  In  the  same  channel  farther  down,  at  10  feet  depth,  2,200 ;  at  20  feet  depth,  2,1 
and  at  25  feet  depth,  2,025  feet  per  second,  or  about  1^  miles  per  hoar. 

'^  In  the  American  channel  near  the  foot  of  Belle  Isle,  near  the  surface,  two  aer 
giving  1,680  and  1,726  feet  per  second,  or  about  1^  miles  per  hour." 
Very  respectfully, 

C.  B.  COMSTOCK, 
Major  of  Engineers. 
Brevet  Brigadier-General^  U.  S.  2 
General  W.  F.  Raynolds, 

U.  S.  Engineers,  Detroit^  Mich. 


No.   3.— ADDRESS  OF  MR.   JAMES  F.   JOY,   IN   FAVOR  OF   A    BRIDGE. 

Detroit,  Mich.,  October  18,  If?: 

Gentlemen  :  In  my  statement  before  you  this^moming  I  gave  the  numbei'of  veg 
passing  the  river  at  Detroit,  as  reported  by  the  marine  reporter  for  the  press,  as 
lows : 

Paaaing  np.    Paming  d 

Propellers 961  1, 

Steam-barges ., 979  \, 

Schooners 2,468  2, 

Total 4,408  4, 
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Assume  that  the  schooners  and  barjj^fH  towod  are  three  in  a  tow,  and  yon  have 2,074 
tows.  Added  to  the  nnuiber  of  steani-l»Hrg»*s  antl  propeller.-*,  and  yon  have  (i,'4i03  pas- 
sages through  the  draws  in  the  course  of  a  year. 

There  are  in  the  seven  months  of  navigvt  ion  5,1^  honrs;  yon  have  one  and  one  fifth 
passages  in  an  hour,  on  the  average,  and  these  at  very  irregular  times,  and  sometimes 
several  hours  intervening.  With  this  navigation  there  is  a  very  large  space  of  time 
left  for  the  passage  of  trains,  even  if  there  is  only  one  draw.  These  are  the  vessels 
that  do  the  great  commerce  of  the  lakes.  The  other  craft  of  all  sorts  and  sizes,  which 
come  and  go  from  the  port  of  Detroit,  Mr.  Bissel  thinks,  amount  to  as  many  more. 

These  craft  include  scows  for  wood  and  lime,  and  every  possible  kind  of  small  boat 
which  come  to  and  go  from  Detroit.  These  are  a  loose  craft,  engaged  in  no  long  trade. 
They  are  small  craft;  they  are  easily  managed,  quickly  handle-d,  might  go  through  a 
draw  250  feet  wide,  sideways,  two  or  three  end  to  end,  at  once. 

So  far  as  that  class  of  craft  is  concerned,  as  I  have  said,  there  is  no  difficulty  in 
handling  it,  and  a  vast  quantity  of  it  w^mld  not  go  through  a  draw  in  any  event — 
much  of  it  wood-scows,  engaged  in  traffic  in  and  around  Lake  Saint  Clair  and  Saint 
Clair  River  in  bringing  wood,  lime,  and  stone  to  this  city,  and  other  supplies  of  vari- 
ous kinds  from  below  as  well  as  above. 

Bot  suppose  we  estimat-e  that  every  one  of  them  wants  to  ^o  through  a  draw  every 
time  they  want  to  come  to  Detroit,  and  want  to  go  through  singly,  which  is  not  at  all 
siipposable,  then  we  should  have  about  16,000  passages.  That  would  be  about  three 
in  one  hour,  on  an  average,  with  one  draw.  But  all  these  mit^ht  pass  the  draw  not 
used  by  the  vessels  engaged  in  the  lon^  tra^le.     This  small  craft  passing  singly  would 

fo  through  the  draw  in  two  or  three  minutes.  A  long  tow  would  take  some  longer ; 
ut  whan  you  consider  how  irregularly  they  go  and  sometimes  two  or  three  together, 
up  and  down,  I  think  we  may  fairly  estimate  that  one-half  of  the  whole  time  may  be 
left  to  the  railroad  companies,  if,  as  I  say,  there  were  but  one  draw,  to  pass  and  re- 
pass the  bridge  with  tjeir  trains,  which  is  very  much  greater  time  than  would  be 
required  for  that  service.  With  the  two  draws  in  use  there  would  be  still  much  more 
time  for  railway  trains  to  pass.  With  a  double-track  bridge,  and  with  openings 
altogether  equal  to  1,000  feet  for  all  these  various  kinds  of  craft  to  pass  through,  it 
can  hardly  seem  possible  that  there  ought  to  be  any  difficulty  in  accommodating  both 
the  railways  and  the  commerce  of  the  country,  while  the  one  passes  over  and  the 
other  passes  along  the  river.  This  small  craft  stopping  at  Detroit  and  starting  from 
there  is  not  like  tne  large  vessels  and  propellers  engaged  in  the  large  commerce  of 
the  lakes,  which  ordinarily  pass  by  Detroit  on  its  way  up  and  down  the  lakes.  That 
kind  of  vessel,  whether  passing  in  tows  or  singly,  ought  to  have  the  right  of  way, 
and  the  passage  of  trains  should  give  way  to  them. 

The  smaller  craft,  stopping  and  starting  from  Detroit  largely  and  so  easily  managed, 
need  not  necessarily  have  the  right  of  way,  and  can  easily  pass  either  draw.  It  is 
for  this  reason  that  I  have  suggested  that  there  should  be  no  iron  rule  concerning  the 
nse  of  the  bridge.  The  use  of  it,  and  the  rules  for  passing  of  vessels,  should  be  all 
the  time  under  the  control  of  the  Secretary  of  War.  He  can  have,  and  from  time  to 
time  make,  such  rules  as  are  found  expedient  and  necessary,  having  reference  to  the 
kind  of  craft  which  mav  pass  through.    I  inclose  the  note  which  contains  my  figures. 

I  will  add  that  cases  have  frcijuently  come  before  the  Supreme  Court  of  the  United 
States  for  collision  against  bridges.  In  order  that  the  commission  may  have  before 
it  the  law  and  the  reasons  of  it,  I  will  allude  to  a  late  one  which  occurred  on  the 
Mississippi  River,  which  came  before  that  court,  and  which  I  now  mention  because 
the  court  took  occasion  to  dispose  of  the  complaints  of  those  engaged  in  navigation 
and  used  language  especially  applicable  to  Detroit  River.  The  language  used  by  it 
also  has  a  direct  bearing  upon  the  language  of  the  order  of  the  Secretary  of  War,  and 
the  resolution  of  Congress.  I  mean  tne  words  '^  undue  injury  to  navigation  caused 
by  building  a  bridge." 

The  case  is  that  of  the  Mohler,  a  steamer  drawing  barges  loaded  with  wheat  down 
the  river.     It  is  found  in  the  21st  Wallace's  8.  C.  Reports,  page  230. 

The  barge  towed  was  wrecked  by  collision  with  one  of  the  piers  of  a  bridge  just 
above  Saint  Paul,  and  totally  lost.  The  wind  was  blowing ;  high  bluffs  line  the  side 
of  the  river  and  prevent  boats  feeling  the  wind  till  just  before  reaching  the  bridge, 
when  they  recede  and  open,  and  do  not  operate  as  a  protection  against  the  wind.  On 
reaching  that  point  in  the  river  the  wind  would  be  strongly  felt  by  the  boat.  It  was 
very  heavy,  as  was  testified,  when  the  boat  reached  the  bridge.  It  was  too  late  to 
change  the  course  of  the  boat  or  make  a  landing,  and  collision  was  inevitable,  accord- 


ing to  the  testimony. 
It 


Lt  would  be  well  K)r  the  commission  to  read  the  whole  case,  but  I  quote  the  language 
of  the  court  which  meets  the  point  I  wish  to  make.  It  was  the  unanimous  opinion 
of  the  whole  court : 

"  Any  prudent  officer  would  have  stopped  until  the  weather  became  calm.  At  any  rate 
it  was  the  duty  of  the  master  of  the  boat  in  question  to  have  done  so,  and,  failing  in  this 
dnty,  he  is  chargeable  with  the  consequences  of  his  negligence,  which  in  this  case  were 
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do  this  and  recognize  railroad  bridges  as  an  accomplished  fact  in  the  histor 
country,  there  will  be  less  loss  of  life  and  property,  and  fewer  complaints  of  i 
culties  of  navigation  at  the  places  where  these  bridges  are  bnilt.  If  they  p 
different  and  contrary  course  it  rest^  with  the  courts  of  the  country  in  everj 
case  to  remind  them  of  their  legal  responsibility." 

This  case  places  strikingly  before  you  what  kind  of  obstmctions  are  not  ai 
impediment  to  navigation ;  and  also  the  necessity  of  bridges,  and  as  many  as  i 
merce  of  the  country  requires,  and  the  fact  that  commerce  goes  by  the  rail 
as  by  water,  and  that  to  some  extent  the  one  must  give  way  to  the  other,  a 
both  must  be  so  managed  and  treated  that  all  the  ways  of  commerce  must  be  < 
and  that  neither  shall  act  or  be  protected  to  the  undue  prejndice  of  the  otl 
especially  that  one  shall  not  and  cannot  claim  free  and  entirely  unrestricted  ] 
to  the  great  detriment  of  the  other. 

The  bridge  is  a  necessity,  and  navigation  must  recognize  it,  and  then  both  ii 
a  friendly  way,  and  under  some  general  regulations  made  by  the  department, 
duct  their  business  as  in  the  least  degree  to  injure  each  other. 
I  am,  with  great  respect,  yours  truly, 

James  F. 
To  the  Board  of  United  States  Engineers 

Commisftianed  to  examine  and  report  upon  the  crossing  of  the 

Detroit  River  for  railroad  purposes,  by  bridge  or  tunnel, 

within  one  mile  above  or  below  the  city  of  Detroit, 


Marine  Office, 
Detroit,  Mich,,  October  V, 

Mr.  James  Westcott,  the  marine  reporter  at  this  port,  had  published  at  the  c 
navigation  last  year  in  the  Detroit  papers  the  following  statement  regarding  ^ 
passages  during  the  season  of  1878: 


Passed  down. 

Propellers 1, 041 

Steam-barges 1, 151 

Schooners 2,253 


Total 4,451 


Propellers 

Steam-barges 
Schooners  


Passed  up. 


Total 


Grand  total , 
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no.  4. — resolutions  of  the  cleveland,  ohio,  board  of  trade  against  a  bridge. 

Board  of  Trade  Rooms, 
Cleveland^  Ohio,  October  18, 1879. 

Sir  :  I  have  the  honor  to  inform  you  that  at  a  regular  meeting  of  the  Cleveland 
Board  of  Trade  held  to-day,  the  following  preamble  and  resolutions  were  unanimously 
adopted: 

Whereas  the  Board  of  Trade  of  this  city  is  informed  that  the  Board  of  Engineers 
provided  for  by  the  joint  resolution  of  Congress  to  examine  and  report  as  to  the  feasi- 
bility of  bridging  or  tunneling  the  Detroit  River  are  now  at  the  city  of  Detroit,  and 
ready  to  proceed  with  their  work ;  and  believing  that  each  city  on  the  line  of  the 
nortnem  chain  of  lakes  is  deeply  interested  in  this  subject,  and  that  Cleveland  should 
protest  with  others  against  any  plan  that  will  in  any  way  obstruct  a  free  use  of  the 
Detroit  River  for  the  large  commercial  traffic  passing  through  that  noble  line  of  com- 
munication: Beit,  therefore, 

Resolved  by  this  board,  That  not  any  obstruction  be  placed  across  said  river  at  any  point 
by  way  of  a  bridge,  believing  that  such  structure  would  greatly  interfere  with  the  free 
navigation  of  that  stream,  and  delay  the  passsage  of  sail,  steam,  and  other  water 
craft  navigating  the  same,  while  the  interests  of  tiie  railroads  and  the  public  can  as 
"well  be  served  by  the  construction  of  a  tunnel  under  said  river. 

Besolvedj  That  R.  K.  Winslow,  esq.,  Capts.  A.  Bradley  and  W.  B.  Guyles  constitute 
a  committee,  and  that  they  have  full  power  from  this  board  to  watch  the  interests  of 
the  lake,  and  carry  out  the  intent  of  these  resolutions  in  coi^jujiction  with  other  cities 
cities  interested. 

Resolved,  That  the  secretary  be  required  to  forward  a  copy  of  these  resolutions  to 
Col.  W.  F.  Raynolds,  chairman  of  the  investigating  board  at  Detroit. 
Yours,  truly, 

Theodore  Simmons, 

Secretary, 

Mr.  W.  F.  TiAYNOLDS, 

Chairman  Board  of  Engineers, 
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APPENDIX   A  A.  1863 

no.  6. — statement  of  vessels  passing  grassy  island  light  during  fiscal  year 
1878,  and  the  portion  of  the  year  1879  previous  to  september  30. 

Office  of  Light-House  Inspector.  Tenth  District, 

Buffalo,  N.  F.,  November  5, 1879. 

Sir:  In  compliance  with  instnictions  from  the  Light-House  Board  of  date  the  24th 
ultimo,  I  send  you  subjoined  a  statement  of  the  vessels  reported  by  the  keeper  as 
passing  Grassy  Island  light-station  during  the  fiscal  year  1878  and  that  portion  of  the 
year  1879  previous  to  September  .30,  as  follows,  viz: 


I  I  ; 

Steamers.      Barges  (towexl).        Brigs.  Schooners.    I       Scows.  Rafts.  Total. 


11,884        I  4,946  862  8,046  2,012  68  i        27,818 


Very  respectfully, 

W.  R.  Bridoman,        ' 
Commander,  U.  S,  JV.,  Light- Hou^e  Inspector ,  Tenth  IHstriot, 

Gen.  W.  F.  Kaynolds,  U.  S.  A. 


No.  7.— resolution  of   the   saint  PAUL,  MINNESOTA,  CHAMBER  OF   COMMERCE   PRO- 
testing against  a  bridge. 

Chamber  of  Commerce, 
Saint  Paul,  Minn.,  November  21,  1879. 

Gentlemen:  In  accordance  with  the  resolutions  of  the  Chamber  of  Commerce  of 
this,  the  chief  <*ommerci»l  city  of  the  State,  copy  of  which  is  hereto  appended,  I  have 
the  honor,  on  the  part  of  tbat  body,  respectfully  to  protest  against  any  project  for 
building  a  bridge  across  the  Dt^troit  River.  The  people  of  Minnesota,  in  common 
with  those  of  the  other  States  bordering  upon  the  upper  lakes  are  deeply  interested 
in  the  maintenance,  iutact,  of  conmiunication  by  water  with  the  ocean,  and  they  are 
unanimous  in  remonstrating  against  obstruction  to  free  and  safe  navigation.  The 
vast  pro<lucts  of  this  State,  and  of  the  Territories  west  of  it,  which  are  rapidly  aug- 
menting from  year  to  year  with  the  influx  of  population,  can  with  <lifticulty  even  now 
be  transported  to  the  nuvrkets  of  the  East,  with  all  the  facilities  that  can  be  afforded, 
and  it  is  of  vitarimportauce  to  this  new  Northwest  that  every  practicable  outlet  for 
freight  be  enlarged,  rather  than  diminished  by  the  erection  of  such  barriers  to  safe 
transit  as  a  bridge  of  any  kind  over  the  Detroit  River. 
Very  respectfully,  your  obedient  servant, 

Henry  W.  Sibley, 

President. 

To  the  honorable  Board  of  Engineers. 

resolutions. 

Resolved,  That  this  chamber  does  earnestly  protest,  on  behalf  of  the  commercial 
interests  of  this  State,  against  the  construction  of  a  bridge  across  or  the  erection  of 
any  obstruction  to  navigation  in  the  Detroit  River,  which  is  the  gateway  of  all  the 
commerce  of  the  Northwest ;  and  we  hereby  request  the  president  of  this  chamber  to 
draw  and  forward  to  the  honorable  Board  of  Engineers  about  to  consider  and  deter- 
mine the  question  of  the  (construction  of  such  a  bridge  a  formal  protest  against  such 
construction,  accompanied  by  such  statements  and  statistics  as  have  a  bearing  upon 
the  question  involved. 

Resolved,  That  the  president  of  this  chamber  be  n^quested  to  wait  upon  the  governor 
of  this  State  and  request  him  to  prepare  and  forward  to  the  honorable  Secretary  of 
War  an  official  communication  setting  forth  the  great  int'Orest^  of  Minnesota  involved 
in  the  construction  of  such  a  bridge  across  the  Detn)it  River,  and  earnestly  protesting 
against  such  construction,  and  that  the  governor  be  requested  to  forward  a  copy  of 
such  lett4*r  to  the  said  Board  of  Engineers. 

Resolved,  That  our  Senators  and  Members  in  Congress  be  requested  to  co-operate 
with  the  jjovernor  in  resisting  the  propose<l  scheme  or  constructing  a  bridge  across  the 
Detroit  River. 


F| 


I     j 


i 


No.  9. — LETTER  OF  THE  GOVERNOR  OF  MINNESOTA  TRANSMITTING  A  COPY  OF  j 
LETTER  TO  THE  HONORABLE  THE  SECRERARY  OF  WAR,  PROTESTING  AGAINST  . 
BRIDGE. 

State  of  Minnesota,  Executive  Dkpartment, 

Saint  Paul,  Xorember  14,  li^. 

Gentlemen:  By  request  of  the  Saint  Panl  Chamber  of  Commerce,  I  have  the  hone 
to  transmit  herewith  a  copy  of  a  letter  addressed  by  me  to  the  Hon.  Secretary  of  Wa 
protesting  against  the  construction  of  the  proposed  bridge  across  Detroit  River,  as 
serious  obstruction  to  the  free  navigation  of  the  great  lake^,  and  detrimental  to  tfc 
commercial  interests  of  Minnesota  and  of  the  vast  country  to  the  northwest. 
Very  respectfully, 

J.    S.    PlLLSBURY, 
Governor  MinnnaUi. 
To  the  honorable  Board  of  Engineers. 


State  of  Minnesota,  Executive  Department, 

Saint  Paul,  yorember  14,  IcW. 

Sir  :  In  compliance  with  a  resolution  of  the  Chamber  of  Commerce  of  Saint  Pan 
and  pursuant  to  my  own  convictions  upon  the  subject,  I  beg  leave  to  jre.«]»e<*tfuny  bi 
earnestly  protest  against  the  construction  of  a  bridge  across  Detroit  River,  the  coi 
sideration  of  which  I  understand  is  to  be  before  the  Board  of  Engineers  to  meet! 
Detroit  on  the  18th  instant. 

I  need  scarcely  state  that  the  vast  and  growing  commercial  interests  of  this  St* 
and  of  the  rapidly  settling  country  north  and  west  demand  iinobstructecl  navigatic 
through  the  great  lakes  and  their  connecting  channels. 

It  is  indeed  difficult  to  exaggerate  the  magnitude  of  these  interests  or  the  rapidil 
of  their  development.  The  annual  wheat  export  of  this  State  alone  averages  25JX>0,0I 
bushels,  a  large  proportion  of  which  seeks  water  transit  to  the  seaboard,  via  the  gre 
lakes.  A  much  larger  proportion  of  the  growing  products  of  Dakota  are  dependei 
npon  this  route  alone  for  the  means  of  reaching  a  market,  while  the  transportati( 
which  will  be  required  with  the  development  of  the  agricultural  and  mineral  resourc 
of  the  vast  country  drained  by  the  Northern  Pacific  Railroad  baffles  computatio 
An  ample  and  unimpeded  water  communication  must  for  a  long  time  be  the  on 
defense  of  these  growing  int'Crests  against  railroad  combinations,  with  whose  freigl 
exactions  they  are  constantly  threatened.  Anything,  therefore,  w^hich  jeopards  & 
firee  water  transit  as  a  means  of  competition  in  transportation  is  jnstly  a  cause' 
alarm.     That  the  proposed  bridge  over  the  Detroit  River  will  prove  an  obstruction  i 
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No.  10. — NUMBER  OF  VESSELS  PASSING  DETROIT,  MICHIGAN,  FROM  APRIL  27  TO  OCTOBER 

31,  1879. 

Detroit,  Mich.,  November  17,  1879. 

Dear  Sir  :  Of  the  class  of  vessels  that  I  report  there  have  passed  here  from  April  27 
to  October  31 — 

As  taken  from  my  books 16, 196 

Estimate  for  November,  same  average t 2, 598 

Small  craft  that  I  do  not  report 12, 600 

31,394 
Yonrs,  very  respectfully, 

J.  W.  Westcott. 
Geo.  W.  Bissell,  Esq. 

The  number  of  tons  transported  through  the  river  during  the  season  of  1879,  the 
month  of  November  being  estimated  on  the  basis  of  the  previous  part  of  the  season, 
was  12,006,000. 


No.  11. -LETTER   FROM   R.    A.    ALGER  AND    M.  8.  SMITH   FAVORING  A   BRIDGE. 

Detroit,  Mich.,  yovember  17,  1879. 

Gentlemen  :  We  are  engaged  in  the  long  timber  business,  which  is  getting  out 
long  pine  timber,  making  it  into  rafts  on  Lake  Huron,  and  towing  it  principally  to 
Toledo,  Cleveland,  and  Tonawanda. 

During  the  season  of  1879  we  have  towed  of  our  own  timber  over  .40, 000, 000  feet, 
board  metisure,  down  through  Detroit  River,  which  is  a  large  majority  of  all  the  long 
timber  cut  and  rafted  down  tbrough  the  lakes.  Our  rafts  range  in  size  from  1,000,000 
to  2,000,000  feet.  A  raft  of  1,000,000  feet  would  average  about  1,800  feet  long  and  100 
feet  wide,  and  for  each  quarter  of  a  million  feet  25  feet  in  width  may  be  added,  at  the 
outside,  but  nothing  in  length,  as  rafts  are  usually  about  the  same  length,  and  ai*e  en- 
larged by  adding  to  the  width.  A  good  average  raft  contains  about  1,500,000  feet. 
A  raft  containing  2,500,000  feet  would  measure  250  feet  scant  across  it.  This  is  an 
oversize  raft,  and  larger  than  ought  to  be  towed  at  one  time. 

While  our  business  as  shown  above  is  large,  it  is  our  opinion  that  a  bridge,  with  an 
op^ining  of  from  250  to  300  feet  in  a  straight  current  like  that  in  front  of  this  city, 
would  be  no  detriment  to  us,  and  with  reasonable  care  exercised  by  the  master  of  the 
tug  towing  rafts  would  not  materially  ad<l  to  the  risk  and  danger  of  towing. 

This  opinion  is  entirely  concurred  in  by  Capt.  Thomjis  Hackett,  master  of  our  large 
tug  Vulcan.  Captain  Hackett,  who  has  sailed  a  tug  for  us  for  the  past  eleven  years, 
and  has  towed  over  200  rafts  and  a  large  number  of  vessels,  entirely  concurs  in  this 
opinion. 

He  says  the  difficulties  and  dangers  of  passing  through  a  bridge  in  a  straight  cur- 
rent and  deep  water  with  tows  of  v«?ssels  would  be  very  much  less  than  that  of  enter- 
ing the  Saint  Clair  Flats  Canal  with  its  shallow  water,  and  especially  at  the  upper 
end  where  the  current  sets  outside  the  canal  both  ways. 

Believing  that  the  buNiness  and  welfare  of  the  country  need  a  bridge  across  the 
river  at  this  point,  and  that  with  proper  care  exercised  by  masters  of  vessels  such  a 
bridge  will  not  materally  add  to  tne  dangers  of  navigation,  we  very  respectfully  and 
most  earnestly  ask  you  to  report  in  favor  of  the  project  of  building  such  a  bridge. 
Very  respectfully, 

R.  A  Alger. 
M.  S.  Smith. 

To  the  Board  of  United  States  Engineehs,  sitting  at  Detroit, 


No.  12  —letter  of  JAMES  M'MILLAN,  chairman  citizens'  committee,  DETROIT, 
giving  number  of  PASSENGEKH,  passenger  and  baggage  cars,  crossing  AT 
DETROIT,    FROM   YEAR    1875  TO    1879. 


Detroit,  Mich.,  Noremher  19,  1879. 

Gentlemen  :  Refering  to  a  report  made  by  the  Citizens'  Committee  to  your  hon- 
orable Board  on  the  16th  October,  in  the  body  of  which  the  number  of  freight  cars  and 
tonnage  for  each  year  since  1875  inclusive  was  shown,  permit  me  on  benalf  of  said 
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committee  to  supplement  the  report  above  referred  to  with  the  following  figured,  hav- 
ing  reference  to  the  passenger  business : 


Tears. 


1875 

1876 f. 

1877 

1878 A 

1879 


cars. 


13,168 
13.565 
12,976 
12,258 
12,500 


Passenger-  i    Bagg&ge- 


cars. 


3,865 
4,683 
5,143 
3.873 

4,200 


Psaanigen. 


198,  m 

309.  CO 
140. 2S 
129,  lU 

i<e,s«i 


The  above  figures  are  ofl8cial.  having  been  furnished  me  by  Mr.  Broughton,  genera 
manager  of  the  Great  Western  Railway. 
Yours  faitlifully, 

Jas.  McMillan, 
ChairmaH  Citizens^  C<Hnmittee. 
To  the  Board  of  United  States  Engineers, 

In  re  proposed  Detroit  Hirer  Bridge, 


no.  13. — abstract  showing  number  of  vessels  passing  windmill  point  ught- 
house,  fort  gratiot  light-house,  and  the  saint  clair  flats  lower  light. 

Office  of  Light-House  Inspector, 

Eleventh  District, 
Detroit,  Mich.,  XovemberWy  1^9. 

Dear  Sir:  As  requested  in  your  communication  of  this  date,  I  inclose  herewith i 
tabulated  statement  taken  from  the  quarterly  reports  of  the  keeper  of  Winclmill  Point 
light,  showing  the  number  and  kind  of  vessels  passing  that  Btation  during  the  vears 
lti78  and  1879. 

I  would  suggest  that  the  reports  of  the  keeper  do  not  embrace  all  the  vessels  that 
pa«8  that  station,  for  there  being  only  one  keeper,  he  is  not  required  to  be  always  on 
watch,  and  mt^ny  vessels  no  doubt  pass  that  are  no^  recorded. 

As  it  may  be  of  some  service  to  your  Board,  I  also  inclovse  statements  showing  the 
vessels  that  passed  the  Fort  Gratiot  and  Saint  Clair  Flats  Canal  (lower)  light«  during 
the  year  1878,  and  from  the  opening  of  navigation  to  June  30,  1879. 

The  report  of  passing  vessels  is  now  made  annually  instead  of  quarterly  as  hereto- 
fore, so  that  for  the  latter  stations,  I  have  infoimation  only  np  to  the  date  mentioned, 
but  for  Windmill  Point  a  special  report  was  made  bv  the  keeper  np  to  November  1, 
1879. 

I  consider  the  statement  for  Fort  Gratiot  li^ht  the  most  accurate,  as  there  are  two 
keepers  at  the  station  and  both  of  them  are  sailors,  who  take  an  interest  in  keeping  a 
correct  record  of  the  vessels  that  pass  their  light. 
Very  truly,  yours, 

J.  N.  Miller, 
Light-house  Inspector,  EUrtnth  DiftricL 
Lieut.  Col.  W.  F.  Raynolds, 

Brevet  Brigadier-General y  U.  S.  A, 
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Office  of  Light-House  Inspector, 

Eleventh  District, 
Detroit  J  Mich.^  Xavember  20j  1879. 

Abstract  from  keeper's  returns  of  vessels  passing  the  Windmill  Point  light-statian  during  the 
year  1878,  and  from  the  opening  of  navigation  to  November  I,  1879. 


First  onarter,  1878  . 
Se<-ona  quarter,  1878 
Third  quart^^r.  1878  . 
Fourth  quarter,  1878 

Total  for  1878 . 


First  auarter,  1879  . . 
Second  quarter,  1879 
Four  months,  1879 . . . 


Total  for  1879 


si 


1 
928 
871 
468 


•c 

PQ 


2,268 


396 
729 


1,125 


a 

o 
o 


76 
1,758 
1,942 
1,081 


4,857 


1,865 
4, 240 


00 


19 
223 

178 
77 


2 

i 


76 
2,260 
2,597 
1.641 


497  !  6,574 


o 
H 


172 
5,171 
5,588 
3,267 


14,198 


124 
260 


2,241 
4,901 


6,105 


384  ,  7,142 


4,626 
10, 131 


14, 757 


J.  N.  Miller, 
Commander f  United  States  Navy^  Inspector  Eleventh  District, 


Office  of  Light- House  Inspector, 

P^LEVENTH  District, 
Detroit,  Mich.,  November  20,  1879. 

Abstract  from  keeper's  returns  ofvemels  passing  Fort  Gratiot  light-station  during  the  year 

1878,  and  from  the  opening  of  navigation  to  June  30,  1879. 


First  nuarter,  1878  . . 
Soconct  quarter,  1878. 
Thinl  quarter,  1878  . 
Fourth  quarter,  1878. 

Total  for  1878  . 


First  auarter,  1879  . . 
Second  quarter,  1879. 

Total 


m 


4 

1,636 
1,787 
1,010 


4,437 


i 


1,598 


1.598 


229 
213 
111 


553 


199 


199 


17 

21 

3 


41 


8 
8 


oc 

o 

a 
§ 


5 
2.608 
2,700 
1,  524 


6,837 


2.167 


2,167 


• 

t. 

• 

& 

• 

ao 

^» 

e 

O 

1 

^ 

70 

o 
H 

16 

95 

429 

3,862 

8,781 

510 

3,939 

9,170 

199 

2,523 

5,370 

1,154 

10,394 

23,416 

28 

28 

399 

3,215 

7,582 

399 

3,243 

7.610 

J.  N.  Miller, 
Commander  United  Stairs  Navyj  Inspector  Eleventh  District, 
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Office  of  Light-House  Inspector, 

•  Eleventh  District, 

Detroit  Mich.,  Xorcmber  20,  lc?r9. 

Abstract  from  keeper'' b  returns  of  vessels  passing  Saint  Clair  Flats  Canal  lower  ligkt-4iA6om 
g  I        daring  t)ie  year  1878,  and  from  the  opening  of  namgation  to  Jtine  31),  1879. 


First  auarter,  1878  . 
Secona  quarter,  1878. 
Third  qnarter.  1878  . . 
Fourth  quarter,  1878 


Total  for  1878 


First  auarter.  1879  . 
Seoona  quarter,  1879 


Total 


$-1 

li 


9 


oF. 


9 


17 
28 

20 


65 


30 


30 


6 
2,114 
2,700 
1.  8C3 


41 
1,804 
1.900 
1,474 


47 

3,S85 

4.e« 

3.  337 


6,683        5,279       12,  ©7 


2,192        1.M3        4.16 


2,  192        1, 943        i  16 


J.  N.  Miller, 
Commander  United  States  Navy,  Inspector  Elerentk  District, 


no.  14. — resolution  of  the  buffalo  board  of  trade  against  a  bridge. 

Buffalo  Board  of  Trade, 

Buffalo^  N.  r.,  November  20,  1879. 

At  a  uieetiug  of  members  of  the  Baffalo  Board  of  Trade  held  this  morning  on 
'change,  the  president,  Jewett  M.  Richmond^>sq.,  in  the  chair,  the  following  preamble 
and  resolutions  were  offered  by  Townsend  Davis,  esq.,  and  on  motion  auanimoaalv 
adopted :  * 

Whereas,  the  Board  of  Trade  of  the  city  of  Buffalo  learn  that  a  commission,  empow- 
ered by  Congress,  is  now  in  session  at  Detroit  for  the  purpose  of  determining  wht* tbfr 
a  tunnel  under  the  Detroit  River,  or  a  bridge  across  that  stream,  should  be  built :  snd 
whereas  this  Board  regards  the  question  as  one  of  great  importance  to  the  commerce 
of  the  lakcM  and  of  the  country ;  and  whereas  it  is  the  opinion  of  this  Board  that  the 
creation  of  a  bridge  across  the  river  would  be  an  obstruction  to  navigation,  and  in 
direct  opposition  to  the  principle  of  the  great  ordinance  by  which  it  was  propoard 
forever  to  establish  the  freedom  and  promote  the  facilities  of  commerce  n|>on  the 
great  waters  of  the  Northwest,  and  in  conHict  w^ith  the  substance  of  that  decision  of 
the  Supreme  Court  of  the  United  States  declaring  the  international  character  of  those 
waters,  and  as  a  practical  question  iu  conflict  also  with  the  best  business  intelligence 
of  the  country  :  Now,  therefore,  it  is 

Resolved,  That  in  the  opinion  of  this  Board  of  Trade  the  bridging  of  the  Detroit 
River  at  or  near  Detroit  would  be  a  great  injury  to.  commerce  and  lea<ling  batdneM 
interests  of  the  country ;  and  this  Board  most  earnestly  re<^uests  the  commission  to 
report  in  the  strongest  terms  against  the  erection  of  such  bridge. 

Correct  extract  from  minute-book. 

William  Thdrstone, 

Stcrttary. 
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bridge  across  the  mississippi  river  atfottt  snelling,  minnesota. 

Engineer  Office,  United  States  Army, 

Saint  Pmilj  Minn,,  March  3,  1880. 

General  :  I  have  tlie  honor  to  present  the  following  report  pertaining 
to  the  Fort  Snelling  Bridge,  its  com])letion  and  test.  The  act  of  Con- 
gress approved  June  20,  1<S78,  provides — 

That  the  8um  of  Bixty-five  tlioiisaiul  dollars  be,  and  the  same  is  liereby,  ajmropri- 
at«d  out  of  any  money  in  tlio  Treasury  not  otherwise  appro|)riated,  to  aid  in  the  con- 
struction and  completion  of  a  free  wagon  bridge,  with  stone  abutments,  or  stone  and 
iron  abutments,  and  iron  superstnujture,  across  the  Mississippi  River  at  or  near  Fort 
Snelling,  between  the  military  reservation  of  the  United  States  upon  which  said  fort 
is  situated  and  a  point  nearly  opposite  said  fort  in  the  county  of  Kamsey,  Minnesota: 
Provided,  That  such  bridge  shall  be  constructed  without  the  expenditure  of  any  other 
or  greater  sum  of  money  from  the  Treasury  of  the  United  States:  Provided  aho,  That 
the  height  of  said  bridge  shall  be  at  least  68  feet  above  high- water  mark,  and  that  a 
span  of  at  least  *400  feet  in  the  clear  be  provided  from  the  right  or  Fort  SnelliAg  bank 
of  said  river  toward  the  left  bank  thereof:  Provided  further^  That  said  bridge  shall  be 
and  forever  n'Uiain  a  public  highway,  free  to  the  United  States  of  America  and  to  all 
the  people  thereof. 

That  the  location  of  said  bridge,  and  the  plans,  specifications,  and  estimates  for  the 
construction  and  completion  thereof,  shall  be  approved  by  the  Secretary  of  War.  And 
whenever  the  said  bridge  shall  have  been  fully  completed,  as  hereinbefore  provided, 
opened  to  travel,  and  irrevokably  dedicated  as  a  public  highway,  free  to  the  United 
States  of  America  and  all  the  people  thereof,  the  Si^cretary  of  the  Treasury  shall  pay 
to  the  persons  entitled  to  receive  the  same  by  reason  of  the  construction  of  said  brioge, 
or  to  the  commissioners  authorized  to  build  said  bridge,  the  said  sum  of  sixty-five 
thousand  dollars,  which  sum  is  hereby  appropriated  for  said  purpose :  Provided^  That 
said  bridge,  when  constructed,  shall  be  kept  in  good  order  and  repair  by  the  county 
of  Ramsey,  Minnesota ;  and  the  United  States  shall  never  be  liable  to  any  expense  iu 
the  maintenance  or  repair  of  said  bridge. 

That  the  commissioners  authorized  to  build  said  bridge  under  a  special  act  of  the 
legislature  of  Minnesota,  entitled  ^^An  act  to  authorize  and  provide  for  theconstnic- 
tion  of  a  free  bridge  across  the  Mississippi  River  at  or  near  Fort  Snelling,  and  to  lay 
out  suitable  roads  and  approaches  thereto,"  approved  March  second,  eighteen  hundred 
and  seventy -six,  and  the  acts  amendatory  thereof,  and  their  successors,  be,  and  they 
are  hereby,  authorized  to  abut  said  bridge  upon  the  lands  of  the  United  States  known 
as  the  Fort  Snelling  military  reservation,  and  to  construct  and  maintain  an  abutment 
thereon  for  said  bridge,  at  such  point  as  the  Secretary  of  War  shall  approve,  and  to 
survey,  locate,  open,  and  maintain  public  roads  or  ^lighways  from  said  bridge,  for 
which  purpose  a  right  of  way  not  exceeding  100  feet  in  width,  from  said  bridge,  across 
said  military  rest^rvation,  upon  such  line  or  lines  as  the  Secretary'  of  War  shall  direct 
or  approve,  is  hereby  given  and  granted  to  said  commissioners  and  their  successors. 

The  commissioners,  appointed  by  name,  by  an  act  of  the  legislature, 
chose  Mr.  J.  S.  Sewall  as  their  engineer.  He  drew  up,  under  the  direc- 
tion of  the  Board  of  Bridge  Commissioners,  a  set  of  general  specifica- 
tions which  were  submitted  to  a  Board  composed  of  Brigadier-General 
Terry,  commanding  the  Department  of  Dakota,  and  Major  and  Bvt. 
Maj.  Gen.  G.  K.  Warren,  Corps  of  Engineers,  who,  from  West  Point, 
made,  July  19,  1878,  a  report,  approving,  generally,  the  plans  and  spec- 
ifications as  submitted. 

•  •••••• 

By  letter  of  the  Chief  of  Engineers,  of  the  27th  of  July,  1878,  I  wa« 
assigned  to  the  general  supervision,  on  the  part  of  the  government,  of 
the  construction  of  the  bridge.  Ground  was  broken  for  the  bridge  be- 
fore I  was  able  to  visit  the  location. 

•  •••••• 

Mr.  Guy  Wells,  assistant  engineer,  was  detailed  from  this  office  to 
inspect  the  bridge  work  to  the  extent  of  securing  compliance  with  the 
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specifications.  For  the  details  of  the  work  done  a-s  well  as  for  an  under 
standing  of  the  differences  that  occurred  from  time  to  time,  between  tk 
Board  of  Bridge  Commissioners,  their  engineer,  and  myself,  I  would  re- 
fer to  my  several  letters  to  the  department  upon  that  subject  and  es- 
pecially to  my  letter  of  January  6,  1879,  accompanied  by  the  plans  of 
and  calculations  for  the  superstructure  adopted  by  the  Board  of  Com- 
missioners. 

The  masonry  work  was  finished  by  the  19th  of  June,  1879. 

Specifications  for  the  iron-work  (the  superstructure)  and  invitations 
to  bid  for  the  same,  were  issued  in  August,  1878,  by  the  Board  of  Bridge 
Commissioners  and  their  engineer,  the  30th  of  September,  1878,  being 
named  as  the  day  for  opening  the  bids.  The  specifications  drawn  up 
by  the  bridge  engineer,  contained  only  general  stipulations  as  to  di- 
mensions, quality  of  material,  and  factors  of  safety.  Thirty-two  bid» 
in  all  were  received.  The  Board  of  Bridge  Commissioners  awarded  the 
contract  to  H.  E.  Horton  &  Co.  Although  the  style  of  bridge  (deck  can- 
tilever) was  not  what  1  would  have  chosen^  I  stated  in  my  letter  of  the 
6th  of  January,  1879,  that  the  bridge,  if  built  as  indicated  in  the  sped* 
fications  and  as  delineated  on  the  strain  sheets,  would  be  strong  enoa^ 
The  plan  was  approved  of  by  the  honorable  Secretary  of  War.  The 
original  specifications  (July  5,  1878)  required ; 

The  iron  superstructure  to  be  so  proportioned  and  constructed  that,  with  a  lo«d  of 
1,800  pounds  per  linear  foot  upon  the  whole  or  any  part,  thereof,  there  shall  be  no  ten- 
sile strain  upon  any  part  of  the  structure  exceeding  12,000  pounds  per  square  inch, 
and  no  compressive  strain  exceeding  one-fourth  of  the  breaking  weight  of  the  part  u 
calculated  by  Gordon's  formula. 

Gordon's  formula,  adapted  to  American  practice  (for  wrought  iron)  is: 

40000 

P  =  1  +     P 


40000  r« 
in  which— 
P  =  Strength  per  square  inch  in  pounds ; 
I  s=  Length  in  inches; 
r  =  Least  radius  of  gyration,  in  inches ; 

The  specifications  accompanying  the  advertisement  of  the  engineer 
of  the  bridge  (Mr,  J.  S.  SewaU)  stated  the  above  as  the  formula  to  he 
obser\'^ed  in  calculating  strains  of  compression.  This  formula  has  vari- 
ous modifications ;  the  last,  and  probably  the  most  reliable,  are  those 
given  in  the  "  general  specifications  for  a  wrought-iron  r^way  draw- 
bridge to  be  erected  for  the  Chicago,  Milwaukee  and  Saint  Paul  R^ 
way  Company  over  canal  in  the  city  of  Milwaukee  1879."    They  are— 


For  square  column,  flat  ends 


For  square  column,  one  pin  end 


1- 

I  3Bbt 


5L 


For  square  column,  two  pin  ends . 


3000 
37800 


For  Phoenix  column,  flat  ends 


42506 


i    ^    OK 
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S  40000 

1  4-      ^' 
"^     2250 

c  36600 

For  Phoenix  column,  two  pin  ends <  i    i      H* 

(     "^     1500 

f  36500 

For  American  column,  flat  ends <  -»   ,      H' 

/     "^     3750 


36500 

For  American  column,  one  pin  end ^  ^   ,      H^ 

"*"  2250 


( 36 

(  365 

(  ^  12 


36500 

For  American  column,  two  pin  ends {  ^  _j_    H« 

175D, 

36500 

For  common  column,  flat  ends Si.!.     H' 

2700 

36500 

For  common  column,  one  pin  end ^  ^  _j_     H* 

"1500 

36500 

For  common  column,  two  pin  ends ^  ^  _l     H^ 

^[200 

The  pin  being  so  placed  that  the  moment  of  inertia  is,  as  near  as  practicable,  equal 
on  botn  sides  of  same ;  use  formula  for  square  column.  The  maximum  straiu  per- 
mitted in  any  purely  compressive  member  will  be  the  quotient  resulting  from  dividing 
the  ultimate  strength,  as  determined  by  the  above  formula,  by  a  co-efliicient  of  safety 

equal  to  4  -j-  -rrr.;. "  H,"  as  before,  being  the  measure  of  length  in  terms  of  least  diameter. 

The  specitications  prepared  by  the  bridge  engineer  provided  for  a 
wind  force  of  50  pounds  per  square  foot  of  superstructure.  The  floor 
members,  and  other  members  supporting  the  load  of  one  panel  only,  not 
to  be  strained  to  more  than  one-fifth  of  their  breaking  weight  by  a  load 
(live)  of  100  pounds  per  square  foot.  Sheaving  strains  upon  pins  or 
rivets  not  to  exceed  8,000  pounds  per  square  inch.  All  iron  subjected 
to  tension  to  have  an  elastic  limit  exceeding  25,000  pounds  per  square 
inch,  and  to  be  capable  of  bending  short  at  least  90^  without  breaking. 

The  strain  upon  the  outer  fibers  of  the  supporting  pins,  stated  in  terms 
of  theareas  of  cross-section  of  the  pins,  was  not  touched  upon  in  the  specifi- 
cations. The  rule  and  formula  for  calculating  this  pin  strain  is  a  conven- 
tional one  amongst  engineers,  and  has  only  of  late  years,  through  the 
efiorts  of  most  distinguished  bridge  engineers,  received  proper  atten- 
tion. Specifications  for  bridges  that  required  large  factors  of  safety, 
for  tensile  strains,  have  so  ignored  pin  strains  as  to  admit  of,  for  the 
tensile  strain  upon  the  outer  fiber,  as  high  as  50,000  to  60,000  pounds 
per  square  inch  of  cross-section  of  pin,  wliile,  at  the  same  time,  no  ten- 
sile strains  upon  ties,  &c.,  were  allowed  to  exceed  one-fifth  of  the  break- 
ing weight.  Still,  as  the  formula  for  deducting  the  sum  of  the  bending 
moments  upon  a  pin  is  conventional  and  very  safe,  engineers  have,  to 
date,  allowed  the  theoretical  tensile  strain  upon  the  outer  fiber  to 
exceed  tensile  strains  upon  other  members  by  50  per  cent.  In  the  case 
of  the  specifications  for  the  Milwaukee  draw-bridge,  above  referred  to, 
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a  specimen  of  highest  American  practice,  the  allowable  strains  upon 
tensile  members  are  stated  as  follows: 

For  teusile  strains  in  primary  members  of  the  truss,  or 
those  upon  which  the  principal  weight  comes  directly 
from  tlie  floor-beam   8, 00()  jwunds  i^er  square  inch, 

For  strains  in  secondary  members,  or  those  which  re- 
ceive their  principal  strains  through  the  p:  imaries. .     9, 000  pounds  ]>er  square  inch, 

Strains  in  tertiary  members 10, 000  poundn  per  square  inch, 

&c. 

And  the  strains  on  extreme  fibers  of  pins,  cansecl  by  bending,  not  to 
exceed  15,000  pounds  ]»er  square  inch,  and,  in  determining  this  bending 
strain,  the  leverage  distance  to  be  considered  as  from  center  of  eye-bar 
to  center  of  bearing  or  of  opposite  eyebar.  The  tensile  strain  on  outer 
fiber  is  allowed  to  be  50  per  cent,  more  than  on  the  tie-bars,  &c. 

The  contractors  for  the  superstructure  made  their  own  bargains  with 
the  Keystone  Bridge  Company,  of  Pittsburgh,  Pa.,  for  the  iron.  Con- 
sidering it  as  necessary  to  have  the  shop  tests  superintended  by  some 
person  in  whose  i^eports  confidence  could  be  i)laced,  I  informed  the  Board 
of  Briilge  Commissioners  that  such  should  be  provided  for.  They  re- 
quested me  to  nominate  a  person,  to  be  paid  by  themselves.  Colonel 
Merrill,  to  whom  I  applied,  kindly  named  Mr.  Charles  Davis.  He  was 
accordingly  employed  by  the  Board  of  Bridge  Commissioners.  His  re- 
ports are  clear,  satisfactory,  and  highly  hiteresting.  If  time  permits,  I 
hope  to  be  able  to  tabulate  his  and  other  inspection  reports. 

The  contract  between  Horton  &  Co.  and  the  Bridge  Commissioners 
provided  for  the  superstructure  to  be  finished  by  September  1, 1879,  and 
requiring  a  forfeiture  of  $25  per  day  for  each  and  every  day  after  that 
^^^1  ^^^®  ^^^^  ^^^  completion  of  the  superstructure  was  delayed. 

From  various  causes  the  completion  of  the  superstructare  \t'as  delayed 
I  H  nntil  the  end  of  January,  1880.    Occasionally  a  small  lot  of  iron  reached 

the  ground ;  the  advance  in  prices  of  iron  following  the  increased  demand 

for  the  same  doubtless  embarrassed  the  contractors  somewhat.     But  the 

local  press,  the  people,  and  the  garrison  at  Fort  Snelling  demanded  the 

I'fl  early  completion  of  the  structure.    Governed  by  these  considerations, 

by  the  delay  in  finishing  the  work,  and  the  almost  daily  report  that 
the  superstructure  was  about  to  be  finished,  and  feeling  the  ^are  re- 
sponsibility of  certifying  to  the  sum  of  $65,000  of  public  money ;  and, 
furthermore,  expecting  to  be  absent  from  Saint  Paul  more  or  less  during 
the  winter,  I  directed  Assistants  J.  P.  Frizell,  Guy  Wells,  and  C.  J.  A. 
Morris  of  my  office  to  keep  themselves  fully  informed  as  to  the  progress 
of  the  bri(fge,  to  test  it  when  pronounced  completed,  to  review  at  length 
the  whole  history  of  the  bridge,  and  to  make  report  thereon.  I  required 
a  test  live  load  to  be  placed  upon  the  bridge  of  1 ,800  pounds  per  linear  foot. 
Ice  was  found  to  be  the  most  convenient  material  with  which  to  load  the 
bridge.  A  cubic  foot  of  ice  weighs  about  57.2  pounds.  Ice,  when  cord- 
ed up  in  blocks  as  for  sale,  is  averaged  at  about  47  pounds  per  cubic  foot 
I  was  absent  in  Washington  when  the  tests  were  made,  but  I  had  pre- 
viously given  specific  instructions  as  to  placing  the  rod.  Mr.  Charles 
Wanzer,  assistant  engineer,  rendered  efficient  service  in  making  the  final 
tests. 

It  was  agreed  between  the  bridge  engineer  (Mr.  Sewall)  and  myself 
that  the  deflection  should  not  exceed  the  yX?r  P^^  ^^  the  length  of 
span. 

The  report  of  the  board  of  assistants  appointed  by  me,  and  the  tracing 
of  test  she^et  herewith,  will  fully  explain  the  nature  and  extent  of  the 
tests  which  showed  the  bridge  to  be  sufficiently  "  stiff  J"     The  wind-pree- 
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sure  allowable  was  placed  at  50  pounds  per  square  foot  (represented  by 
wind  velocity  of  100  miles  per  boiir).  Tbe  highest  velocity  recorded  at 
Saint  Paul  since  the  establishment  here  of  the  United  States  Signal 
Station  is,  I  am  told,  a  velocity  attbrdiog  about  13  pounds  pressure  per 
square  foot.  The  common  practice,  in  calculating  for  wind-pressure,  is 
to  regard  the  wind  as  passing  between  the  web-members  and  acting 
with  the  same  force  upon  the  web-members  upon  the  opposite  truss. 
Where  the  web-members  exposed  flat  surfaces  the  faetor  (50  pounds)  was 
doubled. 

Where  the  surfaces  were  curved  (circular)  the  factor  was  not  doubled. 
Where  the  wind  would  be  fairly  checked  and  not  allowed  to  "  pass 
through,"  50  pounds  was  taken  as  the  factor.  The  sum  of  the  partial 
moments  tending  to  overturn  the  structure  was  less  than  the  moment 
of  gravity,  understanding  by  the  latter  term  the  product  of  the  weight 
of  the  superstructure  into  one-half  its  width  of  base^  or  overturning  mo- 
ment, <  moment  of  gravity. 

Calculations  for  the  resistance  of  the  superstructure  to  lateral  motion 
(bodily)  under  wind-pressure  were  also  made.  The  product  of  the  weight 
by  the  coefficient  of  friction  exceeded  the  lateral  wind-pressure  expressed 
in  pounds.  But  to  insure  safety^  a  flange  of  wrought-iron  was  placed 
around  the  bed-plate  on  each  main  pier.  And  to  insure,  further,  the 
safety  of  the  three  long  spans,  the  ends  of  the  135  feet  and  181^  feet 
spans  have  been  anchored  into  the  piers,  and,  furthermore,  one  of  the 
sway-braces  at  each  pier  has  beeti  lengthened  and  anchored  into  the 
pier.  In  the  case  of  a  continuous  structure,  vibritions  caused  by  blows 
or  impact  at  any  point  are  perceived,  genei'ally,  throughout  the  length 
of  the  structure,  and  frequently  erroneous  notions  as  to  its  strength 
gain  credence.  Again,  the  270  feet  span,  being  supported  solely  by 
pins,  may  vibrate  somewhat  after  the  manner  of  a  pendulum  under 
heavy  gusts  of  wind.  But  for  vibration  to  exert  its  maximum  effect 
the  periods  of  vibration  must  coincide  with  the  periods  between  impact. 

The  bridge  is  probably  the  strongest  wagon  bridge  in  this  vicinity, 
although  without  merit  as  to  architectural  effect.  It  will  withstand 
all  but  such  extraordinary  gales  or  hurricanes  as  defy  engineering  skill 
and  which  occasionally  visit  the  Mississippi  Valley.  The  final  test  was 
a  severe  one. 

The  report  of  the  board  of  assistants  appointed  by  me  is  forwarded 
herewith,  as  it  contains  a  narrative  of  the  work.    I  also  forward  a  tracing 
showing  the  results  of  the  tests  made  under  my  direction. 
Very  respectfully,  your  obedient  servant, 

Chas.  J.  Allen, 

Captain  of  Engineers, 

Brig.  Gen.  H.  6.  Wright, 

Chief  of  Engineers^  U.  8.  A, 
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of  snag-boats  on 

Arkansas  Biver,  improvement  of,  above  Fort  Sndth,  Ark 

Arkansas  Biver  at  Pine  Bluffl  Ark,  improvement  of... 

Arkansas  Biver  at  Pine  Blu£r,  Ark.,  survey  of 

Aroostook  Biver,  Me.,  survey  of 

Ashland  Harbor,  Wis.,  examination  of 

Ashley  Biver,  S.  C,  improvement  of 

Ashtabula  Harbor,  Ohio,  improvement  of 

Atchafalaya  Biver,  La.,  examination  of 

Atchison,  Kons.,  improvement  of  Missouri  Biver  at... 

Ancilla  Biver,  Fla.,  examination  of 

Au  Sable  Biver  Harbor,  Mich.,  improvement  of 

B. 

Baltimore  Harbor,  improvement  of  entrance  to 

BaratoriaBay,  La.,  examination  of 

Barren  Biver,  Ky.,  examination  of 

Bath,  Me.,  improvement  at  the  gut  opposite 

Battalion  of  Engineers,  organization  and  duties 

Bay  of  Superior,  improvement  of  natural  entrance  to  . 

Bayfield  Harbor,  Wis.,  examination  of 

B.iy  Biver,  Ark.,  examination  of 

Bayou  Anord,  La.,  examination  of 

Bayou  Bartholomew,  Ark.,  examination  of , 

Bayou  Courtableau,  La.,  improvement  of. .'. 

Bayou  Courtableau,  La.,  examination  of ^, 


Page. 

Parti. 

Partn. 

Part  m. 

98 

177 

204 

1910 

137 

1083 

175 

1543 

193 

1764 

195 

1767 

219 

2036 

242 

2336 

132 

161 

1398 

90 

143 

1156 

145 

1185 

154 

1315 

102  633 

111 

136 

1076 

135 

1075 

106  655 

96 

223 

2071 

149 

1245 

125  906 

162 

1401 

168 

1466 

168 

1467 

169 

1468 

72 

206 

1929 

127  932 

227 

2155 

146 

164 

1417 

141 

220 

• 

2037 

101  625 

146 

195 

1799 

65  333 

60  297 

201 

1880 

206 

1929 

158 

146 

158 

144 

1160 

.145 

1169 

INDEX. 


Subject. 


II 


II 


Bayou  Deg;lause|  La.,  examination  of 

Bayou  Fnsilieri  La.,  examination  of. 

Bayou  La  Fonrohe,  La.,  improyement  of 

Bayou  Manchac,  La.,  examination  of 

Bayou  Plaquemine,  La.,  examination  of. 

Bayou  Tecne,  La.,  improvement  of 

Bayou  Teche,  La.,  examination  of 

Bayou  TerreDonne,  La.,  improvement  of 

Bayou  Terrebonne,  La. ,  examination  of. 

Bayou  Vermillion,  La.,  -examination  of 

Bayou  Yermillionl  La. ,  improvement  of 

Beaufort  Harbor,  N.  C,  examination  of. 

Bell  River,  Mich.,  bar  at  mouth  of,  reeurvey  of 

Belfast  Harbor,  Me.,  improvement  of 

Bellaire  Harbor,  Ohio,  examination  for  ice  harbor  at  .. 

Benton  Harbor  Channel  of  Saint  Joseph  Biver,  Mich., 
examination  of. 

Bergen  Neck.  N.  J.,  survey  for  ship  canal  across 

Big  Hatchie  Kiver,  Tenn.,  examination  of,  and  improve- 
ment of 

Big  Sandy  River.  W.  Ya.  and  Ky.,  improvement  of. .... 

Big  Sunflower  River,  Miss. ,  improvement  of 

Black  Lake  Harbor,  Mich. ,  improvement  of. 

Black  River  Harbor,  Ohio,  improvement  of 

Black  River,  Ark.,  examination  of 

Black  River,  Ark.,  improvement  of 

Blackwater  River,  Fla. ,  examination  of. 

Black  water  River,  Ya. .  imx>rovement  of 

Black  Warrior  River,  Ala.,  improvement  of 

Black  River,  S.  C,  examination  of 

Black  Bayou,  La.,  examination  of 

Block  Island}  R.  I.,  construction  of  harbor  at 

Board  of  Engmeers  for  Fortifications  and  River  and  Har- 
bor Improvements 

Board  of  Engineers'  report  on  harbor  improvements  on 
Texas  coast 

Board  of  Engineers  for  the  Pacific  coast 

Boston  Harbor,  Mass.,  improvement  of 

Bogue  Chito  River,  La. ,  examination  of 

Bogue  Falia  River^  La.,  examination  of 

BcBuf  River,  La.,  examination  of 

Breton  Bay,  Md.,  improvement  of 

Brazos  River  and  Bar,  Tex.,  improvement  of 

Brazos  Santiago,  Tex.,  improvement  of  harbor  at 

Breakwater  at  Mackinac,  Mich.,  survey  for 

Breakwater  at  Clevelana,  Ohio,  construction  of 

Breakwater  near  New  Orleans,  La.,  estimate  for,  and 
survey^  of 

Broadkiln  River,  DeL,  improvement  of 

Bridge  over  Mississippi  River  at  Fort  Snelling,  Minn  .. 

Bridge  over  Detroit  River  at  Detroit,  Mich 

Bridge  over  the  Ohio  River  at  Beaver,  Pa. 

Bridgeport  Harbor,  Conn.,  improvement  of 

Broad  Kiver,  S.  C,  examination  of 

Broad  Creek,  Del.,  examination  and  survey  of 

Broad  Creekl  DeL,  improvement  of 

Broad  Bay,  Ya..  survey  of 

Brunswick  Harbor,  Ga.,  improvement  of , 

Bronx  River,  N.  Y.,  examination  of. 
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Buflalo  Bayou,  Tex.,  exam  illation  of , 

Buffalo  Harbor,  N.  x .,  improvement  of , 

Bulkhead  Rock,  Providence  Riven  R.  I.,  removal  of. 
Burlington,  Iowa,  improvement  of  harbor  at  ......... 

BurUngton  Harbor,  Yt.,  improvement  of. 
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G. 


Cabin  Creeki  Md.,  examination  of  channel  to 

Cache  Biveri  Ark.,  examination  of 

Cahaba  Biver,  Ala.,  examination  of. 

Cahokia  Chn^,  Miaaifisippi  River,  opposite  Saint  Locds, 
closing  of 

Calnmet  Harbor,  BL,  improvement  of 

Cambridge  Harbor,  Md^  improvement  of 

Canal,  Louisville  and  Portland,  superintendence  and 
management  of 

Canal,  Muscle  Shoals,  Tennessee  Biver,  construction  of. 

Canal  at  Des Moines Bapids^Mississippl River 

Canal,  Saint  Mary's  River,  Fla.,  and  Gulf  of  Mexico, 
survey  for 

Canal,  headwaters  of  Hiawassee,  Tennessee,  and  Sa- 
vannah River,  examination  of 

Canal,  Saint  Mary's  Falls,  Mich.,  construction  of 

Canal,  Ship,  across  Bersen  Neck,  N.  J.,  survey  for 

Canal,  from  Bayou  Techel^  La.,  to  Grand  Lake 

Canal  at  the  Cascades,  Columbia  River,  Oreg.,  con- 
struction of 

Canal  to  connect  Delaware  and  Chesapeake  Bays,  sur- 
vey for 

Canal,  Ship,  Lake  Erie  to  Wabash  and  Ohio  rivers, 
examination  for 

Canarsie  Bay.  N.  T.,  improvement  of 

Caney  Fork  River,  Tenn.,  improvement  of. 

Canooche  Biver,  Ga.,  examination  of 

Cape  Fear  Biver,  N.  C,  improvement  of  entrance  to. .. 

Cape  Fear  Biver,  N.  C,  examination  of 

Cathance,  Me.,  improvement  of 

Cathance,  Me.,  survey  of 

Catawba  Biver,  N.  C.  and  S.  C,  examination  of 

Calcasieu  Biver,  La.,  examination  of 

Cedar  Keys  Harbor,  Fla. ,  improvement  of. 

Channel  between  Staten  Island  and  New  Jeiseyy  im- 
provement of  • 

Clmrleston  Harboi^  S.  C,  improvement  of 

Charleston.Neck,  S.  C,  ship  canal  across,  examination 
for 

Charlotte  Harbor,  Fla.,  water-way  from,  to  Saint  John's 
Biver,  examination  for 

Charlotte  Harbor  and  Peas  Creek,  Fla.,  examination  of. 

Charlotte  Harbor,  N.  Y.,  improvement  of....«. 

Charlevoix  Harbor,  Mich. ,  improvement  of 

Charenton  Canal^  Saint  Mary's  Parish,  La.,  survey  for. 

Chattahoochie  Biver,  Ga.,  above  Columbus, survey  of.. 

•Chattahoochie  Biver,  Ala.  and  Ga.,  improvement  of.... 

Cheboygan  Harbor,  Mich.,  improvement  of 

Cheesequakes  Creek,  N.  J.,  survey  of »... 

Cheesequakes  Creek,  N.  J.,  improvement  of 

Chester,Pa.,  ice  harbor  at 

Chester  and  Bidley  Creeks,  Delaware  Biver,  Pa.,  ex- 
amination of ••• 

Chester  Biver,  Md.,  improvement  of,  at  Kent. Island 
Narrows 

Chester  Biver,  Md.,  examination  and  survey  of 

Cheyenne  Biver,  Dak.,  survey  of 

Chicago  Harbor,  HI.,  improvement  of 

Chicago  Biver,  111.,  and  Nprth  Branch,  survey  of...... 

Chickahominy  Biver,  Yay  improvement  of ,...'... 

Chincotea^ue  Inlet,  Ya.,  examination  of 

Chipola  Biver,  Fla.,  examination  of 

Chippewa  Biver,  Wis.,  improvement  of 
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Choctawhatchie  River,  Ala.,  examination  and  snirey  of. 

Choctawhatchie  River,  Fla.  and  Ala.,  improvement  of. . 

Choptank  River,  Md.,  improvement  of 

Christiana  River,  Del.,  examination  of 

Cincinnati,  Ohio,  ice  harbor  at 

Clearwater  River,  Idaho,  improvement  of 

Cleveland  Harbor,  Ohio,  improvement  of 

Clinton  River,  Mich.,  resurvey  of 

Chagrin  River,  Ohio,  examination  of 

Clinch  River,  Tenn.,  improvement  of 

Clinch  River,  Tenn.  and  Ya.,  examination  of 

Cold  Springs  Bay,  N.  Y.,  channel  firom  Lloyd's  Harbor. 

Cornell's  Landing  and  Jamaica  Bay,  N.  Y.,  survey  for 
water  connection  between 

Cohansey  Creek,  N.  J.,  improvement  of 

Cold  Water  River,  Miss. ,  improvement  of 

Columbia  River,  Oreg.,  improvement  of  mouth  of 

Columbia  River,  Oreg.,  sarvey  of  bar  at  mouth  of 

Columbia  River,  Lower,  Oreg.,  improvement  of 

Columbia  River,  at  the  Dalles,  Oreg.,  survey  of 

Columbia  River,  Upper,  and  Snake  River,  Oreg.,  im* 
provement  of 

Columbia  River,  Oreg.,  canal  at  the  Cascades,  construc- 
tion of 

Conneaut  Harbor,  Ohio,  improvement  of 

Connecticut  River,  above  Hartford,  Conn.,  improve- 
ment of 

Connecticut  River,  between  Hartford  and  Rocky  Hill, 
survey  of 

Connecticut  River,  below  Hartford,  Conn.,  improve- 
ment of 

Coos  Bay,  Oreg.,  improvement  of  entrance  to 

Coosa  RLver,  Ala.  and  Qa.,  improvement  of • 

Coosa  River,  to  Wetumpka,  Ala.,  examination  of. 

Coosa wattee  River,  Qa.^  improvement  of 

Coquille  River,  Oreg.^  improvement  of  mouth  of. 

Council  Blufib,  Iowa,  improvement  of  Missouri  River  at. 

Corpus  Christi  Pass  and  Channel,  Tex.^  improvement  of. 

Cowlitz  River,  Wash. ,  &c, ,  examination  of *. 

Cowlitz  River,  Wash.,  &c.,  improvement  of 

Cuivre  River,  Mo.,  examination  and  survey  of. 

Cuivre  River,  Mo.,  improvement  of 

Cumberland  Kiier,  Ky.,  South  Fork  of,  examination  of. 

Cumberland  River,  Tenn.  and  Ky.,  improvement  of 

Camberland  Sound,  Fla.  and  6a.,  entrance  to,  improve- 
ment of 

Cumberland  Sound,  Fla.  and  Qa.,  entrance  to,  survey  of. 

Currituck  Sound,  improvement  of. 

Cuirioman's  Bay,  Ya.,  examination  of. 

Currant  River,  Mo.  and  Ark.,  examination  of 

Cypress  Bayou,  Tex.  and  La.,  improvement  of 
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Dan  River,  Ya.,  improvement  of 

Dan  River,  from  Clarksville  to  Danville,  Ya.,  survey  of. 

Davis'  Island,  Ohio  River,  movable  dam  at 

Defenses,  sea-coast  and  lake-frontier 

of  the  Northern  frontier ». 

of  the  Atlantic  coast 

of  the  Gulf  of  Mexico 

of  the  Pacific  coast 

torpedo 

DeaTs  Island,  Md.,  water  passage  at ., 
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D^rifiL  mining,  surrey  to  prevent  ixjnry  from,  in  Cali- 

forma 

Delaware  RiYer,  Del.,  sarvey  of 

Delaware  Breakwater  Harbor,  removal  of  wrecks  from. 

Delaware  Breakwater  Harbor,  condition  of 

Delaware  Biver : 

at  Cherry  Island  Flats,  improvement  of 

at  Chestier  and  Maicus  Hook,  Pa.,  examinatioD  of. 

Schooner  Ledge,  improvement  of 

below  Bridesborg,  Pa.  ^improvement  of ... 

between  Trenton  and  White  Hill,  N.  J.,  1 

ment  of ^ 

Des  Moines  Bapids  Canal,  Mississippi  Biver 

Detroit  Biver,  Mich.,  improvement  of 

Deer  Biver,  Tenn.,  Sonth  andNorth  Forks,  examination 

of 

Dubnqne,  Iowa,  improvement  of  harbor  at 

Dnck  Creek,  Del.,  improvement  of 

Duck  Biver,  Tenn.,  improvement  of 

Duck  Biver  to  Centre ville,  Tenn.,  examination  of. 

Dnlnth  Harbor,  Mimi^  improvement  of 

Dunkirk  Harbor,  N.  i.,  improvement  of 

D  aties  and  rank  of  officers  of  the  Corps  of  Engineers .... 


miprove- 


E. 


Eagle  Harbor,  Mich. .  improvement  of 

East  Chester  Creek,  N.  Y. ,  improvement  of 

East  Bay  and  Blackwater  Biver,  Fla.,  examination  of.. 

East  Biver,  N.  Y. ,  removal  of  obstructions  from 

Echo  Harbor,  New  Bochelle,  N.  Y.,  improvement  of 

Edenton  Harbor,  N.  C,  improvement  of 

Edisto  Biver,  S.  C,  examination  of 

Elk  Biver,  Md.,  improvement  of 

Elk  Biver,  W.  v^  improvement  of 

Elizabeth  Biver,  va.,  improvement  of 

Empire  Bay,  Mich.,exammationof 

Engineer  depot  and  post  at  Willets  Point 

Entrance  to  Cumberland  Sound,  Fla.  andGa.,  improve- 
ment of 


Erie  Harbor^  Pa.,  improvement  of 

Escambia  Brver,  Ala.  and  Fla.,  improvement  of 

Etowah  Biver,  Ga.,  Improvement  of 

Exeter  Biver,  N.  H.,  improvement  of 

Explorations,  geological,  &c.,  40th  parallel,  completion 
of 


Explorations,  geographical,  &.C.,  west  of  100th  meridian . 

Explorations  and  reconnaissances 

Explorations  and  surveys  in  Division  of  the  Missouri.. 
Explorations  and  surveys  in  Department  of  the  Platte. 
Explorations  and  surveys  in  Department  of  the  Missouri . 

Explorations  and  surveys  in  Department  of  Dakota 

Explorations  and  surveys  in  Department  of  Arizona. .. 

Explorations  and  surveys  in  Division  of  the  Pacific 

Explorations  andBurveys  in  Department  of  the  Columbia 
Explorations  and  reconnaissances,  estimates  for 


P. 

Fairport  Harbor  (Grand  Biver),  Ohio,  improvement  of. 

Falls  of  Saint  Anthony,  Minn.,  preservation  of 

Falls  of  the  Ohio  Biver,  improvement  of  navigation  at. 
Femandina  and  Saint  John^s  Biver,  Fla.,  deepening  the 

inside  passage  between 

Finhalloway  Biver,  Fla.,  examination  of, 
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i.  (1 


Florida  Ship  Canal,  survey  for 

Fluahing  Bay,  N.  Y.,  improYement  of 

Fort  Brown.  Tex. ,  protection  of  river  bank  at 

Fort  ColumbuB,  N.  Y.  Harbor,  sea  wall  at  Governor's 

Island 

Fort  Leavenworth,  Eans.,  improvement  of  Missouri 

Biver  at 

Fort  Madison,  Iowa,  improvement  of  harbor  at 

Fortifications,  northern  frontier ^ 

Fortifications,  Atlantic  coast. 1 

Fortifications,  Golf  of  Mexico 

Fortifications,  Pacific  coast 

Fourche  La  Feve^  Ark.,  improvement  of 

Fox  and  Wisconsin  Rivers^  improvement  of 

Frankfort  Harbor,  Mich. ,  improvement  of 

French  Broad  River,  N.  C.,  improvement  of 

French  Broad  River,  Tenn.,  improvement  of. 

Fusilier  Bayou,  La.,  examination  of 

G. 

Galena  River  and  Harbor,  HI.,  improvement  of 

Galveston  Bay,  ship  channel  in,  improvement  of. 

Gktlveston  Haroor,  Tex.,  improvement  of  entrance  to... 

Gasconade  River,  Mo.,  survey  of 

Gasconade  River,  Mo.,  improvement  of 

Geographical  explorations  and  surveys  west  of  100th 
meridian 

Geological  explorations  40th  paraUel,  completion  of . .. 

Georgetown  and  Washington  Harbors,  D.  C.,  improve- 
ment of 

Georgetown  Harbor,  S.  C,  examination  of 

Glasgow,  Mo.,  improvement  of  Missouri  River  at 

Gowanus  Bay,  N.  x.,  examination  of , 

Grand  Haven  Harbor,  Mich. ,  improvement  of 

Grand  Caillon  Bayou,  La.,  examination  of 

Grand  Gulf,  Miss.,  harbor  at,  examination  of 

Grand  Lake  Bayou,  La.,  examination  of 

Grand  Marais,  Minn.,  improvement  of  harbor  at 

Grand  Marais.  Mich.,  harbor  of  refuge  at 

Grand  River  (Fairport)  Harbor,  Ohio,  improvement  of. 

Grand  River,  mouth  of,  at  Brunswick,  Mo.,  examina- 
tion of 

Grand  River,  Mich.,  examination  of 

Grass  River  at  Massena^.  Y.,  examination  of. 

Great  Kanawha  River,  W.  Ya.,  improvement  of 

Great  Sodus  Harbor,  Js,  Y.,  improvement  of 

Green  Bay,  Wis.,  improvement  of  harbor  at 

Green  River,  Ky.,  examination  of 

Guyandotte  River,  W.  Va.,  improvement  of 

H. 

Hampton  River,  Ya.,  improvement  of 

Harbor  of  refuge  at  Portage  Lake,  improvement  of .... 

Harbor  of  refuge.  Lake  Huron 

Harbor  of  refuge  near  Cincinnati,  Ohio,  construction  of 

H%rbor  of  refuge.  Portage  Lake  and  Lake  Superior  Ship 
Canal,  survey  for 

Harbor  of  reftige.  Portage  Lake  and  Lake  Superior  Ship 
Canal,  improvement  of 

Harbor  of  refuge.  Sturgeon  Bay  Canal,  Wis.,  construc- 
tion of 

Harbor  of  refuse  at  Graud  Marais,  Mich 

Harlem  River,  N.  Y.,  improvement  of , 
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Hell  Gate,  N.  Y.,  improyement  of  navigation  at 

Hempstead  Harbor,  N.  Y.,  examination  of. 

Hiawaflsee  Elver,  Tenn.,  improvement  of 

Housatonic  Biver,  Conn.,  improvement  of 

Holmes  Creek,  Fla.,  examination  of 

Holston  River,  Tenn.  and  Ya.,  examination  of. 

Hudson  River,  N.  Y.,  improvement  of. 

Hudson  River,  N.  Y.,  proposed  improvement  at  New 

Baltimore 1 

Homboldt  Bay,  Cal.,  examination  of  channel  in 

Huron  Harbor,  Ohio,  improvement  of....* 

Hyannis  Harbor,  Mass.,  improvement  of 

I. 

Ice  breakers,  Ohio  River,  at  Parkersburg,  examination 
for , 

Ice  harbor  at  Cincinnati,  Ohio,  construction  of 

Ice  harbor  at  mouth  of  Muskingum  River 

Ice  harbor,  Bellaire,  Ohio  River,  exandnation  for 

Ice  harbor  at  mouth  Little  Kanawha,  W.  Ya.,  examina- 
tion for 

Ice  harbor,  Point  Pleasant,  W.  Ya.,  examination  for... 

Ice  harbor,  head  of  Delaware  Bay,  examination  for . . . 

Ice  harbor  at  Reedy  Island,  Delaware  River,  condition  of. 

Ice  harbor  at  Marcus  Hook,  Pa. .  construction  of. 

Ice  harbor  at  Chester,  Pa.  .condition  of 

Ice  harbor  at  New  Castle,  Del 

Ice  harbor  at  Saint  Louis,  Mo.,  construction  of. 

Illinois  River,  improvement  of 

Illinois  River,  examination  and  survey  of. 

Inside  passage  between  Femandina  and  Saint  John's 
River,  Fla.,  improvement  of 

J. 

Jamaica  BajT)  water-way  from  Cornell's  Landing,  N.  Y., 

examination  of , 

James  River,  Ya.,  improvement  of 

Jonesport,  Me. .  survey  of  Moosebeck  Bar  at 

Jetties  at  South  Pass  of  the  Mississippi,  inspection  of.. 

K. 

Kanawha  River,  Great,  improvement  of 

Kanawha  River,  Little,  improvement  of 

Kankakee  River,  lU.  and  Lid.,  survey  of 

Kansas  City,  Mo.,  improvement  of  Missouri  River  at.., 

Kennebunk  River,  Me.,  impxovement  of 

Kenosha  Harbor,  Wis. ,  improvement  of 

Kent  Island  Narrows,  Md.,  improvement  of 

Kentucky  Ri ver,  Ky. ,  improvement  of. 

Kewaunee,  Mich.,  harbor  at,  examination  for 

La  Crosse,  Wis.,  improvement  of  Mississippi  River  at . 

Lake  harbors  and  nvers 

Lakes,  Northern  and  Northwestern,  survey  of 

Lake  Winnibigoshish,  experimental  dam  at 

L'Auguille  River,  Ark.,  improvement  of 

Laws  of  Forty-sixth  Congress,  second  session,  afFeotiiig 

Corps  of  Engineers 

Leonard  town  Harbor,  Md.,  improvement  of 

Lewes,  DeL,  construction  of  piers  at 
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LiUington  Biver^.  C. ,  examination  of. 

Lin  Haven  Bay,  Va.,  survey  of 

Link  Horn  Bay,  Va.,  snrvey  of 

Little  Caillon  Bayou,  La.,  examination  of 

Little  Creek,  Del.,  examination  of 

Little  Kanawha  River,  W.  Va.,  improvement  of 

Little  Kanawha  River,  mouth  of,  ice  harhor,  examina- 
tion for 

Little  Lake,  La.,  examination  of 

Little  Narragansett  Bay,  R.  L  and  Conn.,  improvement 
of 

Little  Sodus  Harbofj  N.  Y.,  improvement  of 

Lockwood's  Folly  River.  N.  C,  examination  of 

Louisville  and  Portland  Canaa,  superintendence  and 
management  of 

Lower  Willamette  and  Columbia  rivers,  Oreg.,  im- 
provement of 

Lubec  Channel,  Me.,  improvement  of 

Ludington  Harbor,  Mich. ,  improvement  of 

Lynches  River,  S.  C,  examination  of 

Lloyd's  Harbor,  N.  Y.,  channel  from,  to  Cold  Spring  Bay, 
examination  of 

M. 

Maiden  River,  Mass. ,  examination  of 

Manasquan  Ri ver^jN.  J. ^  improvement  of 

Manistee  Harbor,  Wis.^  improvement  of 

Manistique  Harbor,  Mich.,  improvement  of 

Manistique  River,  Mich.,  examination  of 

Manitowoc  Harbor,  Wis. ,  improvement  of 

Maps,  military,  geographical,  and  lake  survey,  prepara- 
tion of 

Mackinac  Breakwater,  Mich. ,  survey  for 

Marcus  Hook,  Pa.,  improvement  of  ice  harbor  at 

Marquette  Harbor,  Mich. ,  improvement  of 

Matagorda  Bay,  Tex.,  improvement  of  entrance  to 

Mattaponi  River,  Va.,  improvement  of 

Mattawan  Creek,  N.  J.,  examination  of 

Meramac  River.  Mo.,  examination  of 

Meeker's  Islancl,  Minn.,  lock  and  dam  at 

Memphis,  Tenn.,  protection  of  water  front  of 

Menomonee  Harbor,  Mich,  and  Wis.,  improvement  of.. 

Merrimac  River,  Mass.,  examination  of 

Michigan  City  Harbor,  Ind.,  improvement  of 

Milfom  Harbor,  Conn. ,  improvement  of , 

Military  road  firom  Camp  Stewart  to  Scottsburg,  Oreg., 

construction  of 

Milwaukee  Harbor,  Wis.,  improvement  of 

Milwaukee  Bay  and  Harbor,  examination  of 

Minnesota  River,  Minn.,  improvement  of 

Minnesota  River  near  Belleplain,  Minn.,  examination  of 

Mispillion  Creek,  Del.,  improvement  of , 

Mississippi,  Missouri,  and  Arkansas  rivers,  operations 

of  snag-boats  on , 

Mississippi  River: 

above  Falls  of  Saint  Anthony,  improvement  of 

at  Alexandria,  Mo.,  examination  of 

at  Andalusia,  Mo.,  examination  of 

at  Burlington,  lo  wa^  improvement  of..... 

at  Cape  Girardeau,  improvement  of . : 

at  Des  Moines  Rapids,  improvement  of 

at  Dubuque,  Iowa,  improvement  of 

at  Falls  of  Saint  Anthony,  improvement  of 

at  Fort  Madison.  Iowa,  improvement  of 
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iiiBBiBsippi  River: 

at  Hannibal,  Mo.,  improvement  of 

at  La  Croese,  Wis.,  improvement  of 

at  Louisiana,  Mo.,  examination  of 

at  Mnscatine.  Iowa,  improvement  of 

at  Quincy,  HI.,  improvement  of 

at  Rock  Island  Rapids,  improvement  of 

at  harbor  of  Rock  Island 

at  Sank  Rapids,  examination  of. 

at  Natchez  andVidalia 

near  Lake  Concordia 

at  Yicksbarg,  Miss 

at  Memphis,  Tenn 

npper,  operations  of  snag^-boat  on 

at  Venice,  HI.,  examination  of 

between  the  months  of  the  Illinois  and  Ohio  riv- 
ers^mprovement  of 

from  iDes  Moines  Rapids  to  month  of  Illinois  River, 
improvement  of  navigation  of 

from  Saint  Paul  toDes  Moines  Rapids,  improvement 
of  navigation  of 

from  Saint  Paul  to  month  of  Illinois  River,  survey  of. 

from  Saint  Paul  to  Falls  of  Saint  Anthony,  survey  of. 

opposite  mouth  of  Missouri,  survey  of 

reservoirs  at  sources  of,  surveysfor 

at  Saint  Genevieve,  examination  of. 

improvement  of  South  Pass,  inspection  of 

Missouri  River : 

above  the  month  of  the  Yellowstone,  improve- 
ment of .• 

at  Atchison,  Kans.,  improvement  of 

at  Brownsville,  Nebr.,  improvement  of 

at  Brunswick,  Mo.,  examination  of 

at  Cedar  City,  improvement  of 

Council  Bluffs,  improvement  of 

at  Eastport,  Iowa,  improvement  of 

at  Fort  Leavenworth,  Kans.,  improvement  of 

at  Glasgow,  Mo.,  improvement  of 

at  Kansas  City,  Mo.^  improvement  of 

at  Lexington,  Mo.,  improvement  of 

at  Nebraska  City,  Nebr.,  improvement  of 

at  Omaha,  Nebr. ,  improvement  of 

at  Plattsmouth,  Nebr. ,  improvement  of 

between  Omaha  and  Plattsmouth,  Nebr.,  improve- 
ment of 

at  Saint  Charles,  Mo. ,  improvement  of 

at  Saint  Joseph^  Mo. ,  improvement  of 

at  Sioux  City,  Iowa,  improvement  of 

at  Vermillion,  Dak.,  improvement  of ,... 

survey  of,  from  its  moutn  to  Sioux  City,  Iowa,  and 
to  Fort  Benton,  Mont 

at  Boone ville.  Mo.,  examination  of 

at  Tuque  Creek.  Mo. ,  examination  of 

at  Niobrara,  Nebr.,  examination  of 

at  Yankton,  Dak. ,  examination  of 

^neral  remarks  on  improvement  of 

Mobile  Harbor,  Ala.,  improvement  of 

Mononffahela  Ki ver,  improvement  of 

Mount  Vernon,  Va.,  improvement  of  channel  at 

Monroe  Harbor,  Mich. ,  improvement  of 

Mooeebec  Bar,  Jonesport,  Me. ,  survey  of 

Morristique  River,  Mich.,  examination  of 

Movable  dam  at  Davis  Island,  Ohio  River 

Movable  dam  on  the  Sa6ne,  at  Lyons,  France 

Muddy  River,  Ky.,  examination  of 
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Kettnuka  City,  Nebr. ,  improTeoient  of  Miuonri  River  at . 
NanaguaKne  Bivei,  Me.,  moutli  of,  eiammatlon  of .... 

New  HaTen  Harbor,  Conn.,  oonatmotion of  breakwater 

Niagara  Hiver,  at  mouth  of  Tonawanda  Creek,  N.  Y.,  oi- 

North  River  Bar,  Corntuck  Sooad,  N.  C,  JmpTOTement 

O. 

Occoqnan  Hiver,  Vs.,  impiovemeatof. 

Officers  of  the  Corpa  of  Enginaers,  nnmber  of  dntiea  of. 

oSio  Eiver  and  montli  of  the  Little  Kanawha  Birer, 
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Ohio  Biver  at  Harricane  laland,  HI.,  examination  of.. 

Olcott  Harbor,  N.  Y.,  improyement  of 

Omaha,  Nebr.,  improvement  of  the  Missonri  River  at. 

Onancock  Harbor,  Y a. ,  improvement  of 

Ontonagon  Harbor,  Mioh.,  improvement  of 

Ooetenaola  River,  Ga.,  improvement  of 

Osage  River.  Mo.  and  Kans.,  improvement  of 

Oswego  Harbor,  N.  Y.,  improvement  of 

Otter  Creek^  Va.,  improvement  of 

Oaachita  River,  La.  and  Ark.,  improvement  of 

Oatlet  of  Lake  Winnepesankee,  "a.  H.,  survey  of 

Outlet  to  Wolf  Lake,  Ind.,  resurvey  of 


P. 

Pagan  Creek,  Va.,  imj^rovement  of 

Pamlico  River,  N.  C,  improvement  of 

Pamlico  and  Tar  Rivers,  N.  C,  appropriation  for  im- 
provement of 

Pamunkey  River,  V a.,  improvement  of 

Pamunkev  River,  Va.,  survey  of 

Pascaja^oula  River,  Miss.,  improvement  of 

Passaic  River,  N.  J.,  improvement  of 

Pass  Oavallo,  Tex.,  improvement  of. 

PassManchao,  La.,  examination  of....  ^ 

Patapsco  River,  Md.,  improvement  of 

Patchogne  River,  N.  Y.,  examination  of 

Pawtncket  River,  R.  I. ,  improvement  of 

Pea  River,  Ala.,  examination  of j.... 

Pearl  River,  Miss.,  improvement  of 

Pee  Dee  River,  S.  C,  improvement  of 

Pee  Dee  River,  8.  C,  examination  of .^.... 

Penobscot  River,  Me.,  improvement  of 

Pensacola  Harbor,  Fla.,  improvement  of. 

Pentwater  Harbor,  Mich.,  improvement  of 


Petalnma  Creek,  CaL,  examination  of. 

Perth  and  South  Amboy  to  channel  in  Raritan  Bay,  N. 
J.,  examination  of 

Plattsburgh  Harbor,  N.  Y.,  improvement  of 

Pier  at  Lewes,  DeL,  construction  of. 

Plymouth  Harbor,  Mass.,  improvement  of. 

Poccossin  River,  N.  C,  examination  of 

Pocomoke  River,  Md.,  improvement  of. 

Pohick  Creek,  mouth  of  Potomac  River,  Ya.^  examina- 
tion of 

Potomac  River  at  Mount  Yemon,  improvement  of. .... 

Port  Chester  Harbor,  N.  Y. ,  improvement  of 

Portaee  Lake^Mich.,  constxxiction  of  harbor  of  lefhge  at< 

Port  Clinton  Harbor,  Ohio,  improvement  of. 

Port  Jefferson  Harbor,  L.  I.,  N.  Y.,  improvement  of 

Portland  Harbor,  Me.,  improvement  of 

Portsmouth  Harbor,  N.  H. ,  improvement  of 

Port  Royal  River,  S.  C,  examination  of. 

Port-waraen's line,  at  Philadelphia b.... 

Port  Washington  Harbor,  Wis.,  improvement  of 
Ri 


Potowomnt  River,  R.  I.,  examination  of. 

Port  Day,  Niagara  River,  N.  Y.,  examination  of. 

Powell  mver,  va.,  examination  of 

Providence  River,  R.  I.,  improvement  of. 

Frovinoetown  Harbor,  Mass.,  improvement  of 

Pablio  buildings  and  grounds.  District  of  Colombia. . 
Pnltneyville  Harbor,  N.  Y.,  improvement  of 
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Qnisor,  EL,  imnra*«mei)t  of  Hissimippi  BiTScat.. 
Qxieeiutown,  Ma.,  impcoTeiociit  of  harbor  &t 


BootDa  Harbor,  Wis.,  improTement  of. 

Bonooou  Biver,  If.  J.,  eiaminationof 

KidivrMBir«r,  H.  J.,  impTOTomeiit  of. 

Rappuiuuoek  Biver,  Vo.,  improvement  of. 

KantftnBiver,  N.  J.,  improvement  of. 

Beootuukiaaanoe  and  exploratioaa 

Bed  River,  La. : 

examination  for  Improvement  of  falls  of- 

improvement  of  Upper 

improvement  of  month  of 

removing  obetrnctions  from 

Bed  Biver  rait.  La,,  removal  of- 

Bed  Biver  of  the  Narth,  improvement  of-. ..•.. 

BedBiverof  the  North,  Upper,  Minn,  and  Dak.,  exam- 


Beaervoirs  at  sources  of  MiasiSBippi  Biver,  survey  for. .. 

Biehmond  Island,  Me.,  harbor  improvement  of 

Biohmond  Harbor,  Kennebec  River,  Me.,  examination 


Biver  and  iiatbcff  improvements 

Boad,  railitarj,  constraotion  of,  &om  Seotbibnig  to 

Camp  6t««art,  Oreg 

Boanoke^ver,  N.  C,  improvement  of. 

Book  Island  Bridge,  ebeer-booms  at 

Book  Island  Harbor,  Hissiseippl  Biver,  improvement  at. 
Bock  Island  Bapids,  Mississippi  Biver,  improvement  at. 
Boekland  Harbor,  Me^  improvement  of. 


Boekiand  Harbor,  Me^  improvement  of. 

Booky  Biver  Harbor,  Ohio,  improvement  of 

Bomney  Marsh,  neaiDoboy,  Oa.,  examination  of.. 
Bondont  Harbor,  V.  Y.,  improvement  of 


S. 

Sabine  Pass,  Tex.,  improvement  of 

Saline  Biver,  Tex.,  improvement  of 

Sabine  Biver,  Tex.,  sorvey  of 

Sacramento  River,  Cal.,  improvement  of 

Sacramento  Biver,  Cal.,  Upper,  survey  of 

Saginaw  River,  Mich.,  improvement  of 

Sabil  Anthony,  preservation  of  falls  of 

S^nt  Angnstue  Cieek,  Oa.,  improvement  of 

Saint  Charley  Mo.,  improvement  of  Miasonrl  Biver  at. 

Biunt  Clair  Flats  ship^oanal,  Mich 

Saint  Croix  Biver,  Wis.,  improvement  of 

Saint  Croix  Bivei,  Wis.,  survey  of 

Saint  John's  Biver  and  Feraaadina,  Fla.,  deepwiing 


Saint  John's  Biver,  water-way  from,  to  Charlotte  Har- 
bor, Fla.,  examination  of 

Saint  John's  Biver,  FIa.,  improvement  of  bar  at 
month  of 

Saint  Joseph,  Mo.,  improvement  of  Mlssooii  River  at . . 

Saint  Joseph  Harbor,  Mioh.,  improvement  of 

Saint  Joseph's  Biver,  Mioh.,  m>m  month  to  Elkhart, 


Saint  Jones'  Creek,  Del.;  e: 
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Saint  Franois  and  White  Eiyeis,  Ark.,  improYement  of. 

Saint  Franois  Biver  from  QreenYillOy  Mo.,  examina- 
tion of 

Saint  Francis  Biyer,  Ark.,  between  Wittsburg  and 
Lester  Landinj^,  improvement  of 

Saint  Lonis  Harbor,  Mo.,  improvement  of ^... 

Saint  Mary's  Biver,  OMo,  examination  of 

Saint  Mary's  FaUs  Canal,  Mich.,  constmction  of. 

Saint  Mary's  Falls  Canal,  Mich.,  approaches  to,  sur- 
vey of 

Salem  River,  K.  J.,  improvement  of 

Saline  Biver.  Ark.,  improvement  of 

San  Diego  Harbor,  Cal.,  improvement  of 

Sandus]^  City  Harbor,  Ohio,  improvement  of 

Sandosky  Biver,  Ohio,  improvement  of 

San  Joaquin  Biver,  Cal.,  improvement  of 

Santee  Biver.  8.  C,  examination  of 

Santee  Canal,  S.  C,  reopening  o^  examination  for  .... 

SalMehatehie  Biver,  8.  C.,  examination  of 

Sandusky  Biver,  near  Fremont,  Ohio,  examination  of.. 

Saugatuck  Harbor,  Mich.,  improvement  of 

Savannah  Harbor,  Ga.,  impro/ement  of. 

Savannah  Biver,  ua.,  above  Augusta,  improvement  of.. 

Savannah  Biver,  Ga.,  to  Augusta,  examination  of 
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